












 

 





 
 EN 1993-1-1:2005/A1:2014 STEEL SECTION CHECK  (Flexural Details for Combo and Station) 

 Units  : KN, m, C 

  

 Frame :  943      X Mid:  69.848    Combo:  ELA-VF-P3       Design Type:  Column                

 Length:  7.02     Y Mid:  3.386     Shape:  PRS-Pilar_450_45Frame Type:  Secndry             

 Loc   :  1.25     Z Mid:  -4.746    Class:  Class 1         Rolled : No                       

  

 Country = Portugal - NP EN 1993-1-1/NA:2009-03          

 Combination = Eq. 6.10              Reliability = Class 2                 Interaction = Method 

2 (Annex B)     

 MultiResponse = Envelopes           P-Delta Done? No                      Consider Torsion? No                 

 Ignore Seismic Code?  No            Ignore Special EQ Load?  No           D/P Plug Welded?  Yes                

  

 GammaM0=1.        GammaM1=1.        GammaM2=1.25       

 q=4.              Omega=1.          GammaOV=1.1        

 An/Ag=1.          RLLF=1.           PLLF=0.75         D/C Lim=0.95        Prin. Axis Angle = 0. 

deg            

  

 Aeff=0.051        Av,2=0.013        Av,3=0.041        eNy=0.              eNz=0.             

 A=0.051           Iy=0.002          iy=0.186          Wel,y=0.008         Weff,y=0.008       

 It=2.869E-05      Iz=6.842E-04      iz=0.115          Wel,z=0.003         Weff,z=0.003       

 Iw=2.803E-05      Iyz=0.            h=0.45            Wpl,y=0.009          

 E=210000000.      fy=355000.        fu=510000.        Wpl,z=0.005          

  

  

 STRESS CHECK FORCES & MOMENTS 

     Location             Ned       My,Ed       Mz,Ed       V2,Ed       V3,Ed         TEd 

     1.25           -3006.331   -1136.077    -458.508    1737.511     652.879       0.007 

  

 PMM DEMAND/CAPACITY RATIO   (Governing Equation EC3 6.3.3(4)-6.62) 

     D/C Ratio:    0.942 = 0.246 + 0.392 + 0.303   <         0.95          OK 

                        = NEd/(Chi_z NRk/GammaM1) + kzy (My,Ed+NEd eNy)/(Chi_LT My,Rk/GammaM1) 

                            + kzz (Mz,Ed+NEd eNz)/(Mz,Rk/GammaM1)       (EC3 6.3.3(4)-6.62)   

  

 BASIC FACTORS 

     Buckling Mode   K Factor           L       Lcr/i 

     Y-Y                   1.       5.005      26.839 

     Y-Y Braced            1.       5.005      26.839 

     Z-Z                   1.        5.82       50.39 

     Z-Z Braced            1.        5.82       50.39 

     LTB                   1.        5.82       50.39 

  

 AXIAL FORCE DESIGN 

                          NEd       Nc,Rd       Nt,Rd 

                        Force    Capacity    Capacity 

     Axial          -3006.331     18211.5     18211.5 

  

                       Npl,Rd       Nu,Rd       Ncr,T      Ncr,TF       An/Ag 

                      18211.5    18837.36   83792.388   83792.388          1. 

  



                Curve   Alpha         Ncr   LambdaBar         Phi         Chi       Nb,Rd 

     Y-Y            c    0.49   147610.07       0.351       0.599       0.923   16805.952 

     Y-Y Braced     c    0.49   147610.07       0.351       0.599       0.923   16805.952 

     Z-Z            d    0.76   41874.436       0.659       0.892        0.67   12199.845 

     Z-Z Braced     d    0.76   41874.436       0.659       0.892        0.67   12199.845 

     Torsional TF   d    0.76   83792.388       0.466        0.71       0.803   14626.611 

  

 MOMENT DESIGN 

                          MEd    MEd,span       Mc,Rd       Mv,Rd       Mn,Rd       Mb,Rd 

                       Moment      Moment    Capacity    Capacity    Capacity    Capacity 

     Y-Y            -1136.077   -1136.077    3256.504     3223.72    3038.798    2818.721 

     Z-Z             -458.508    -458.508    1646.224    1646.224    1646.224 

  

                      Section      Flange         Web     Epsilon       Alpha         Psi 

     Compactness      Class 1     Class 1     Class 1       0.814       0.892       -0.67 

  

                Curve AlphaLT LambdaBarLT       PhiLT       ChiLT          Iw         Mcr 

     LTB            c    0.49       0.459       0.669       0.866   2.803E-05   15448.238 

  

     Factors      kw       C1          C2          C3 

                   1.   1.758       0.553        1.73 

                   za      zs          zg          zz          zj 

                0.225-2.8E-17       0.225          0.  -2.776E-17 

  

     Factors  Cmy         Cmz        CmLT         kyy         kyz         kzy         kzz 

            0.787       0.925       0.852       0.808       0.654       0.973       1.089  

 
EN 1993-1-1:2005/A1:2014 STEEL SECTION CHECK  (Flexural Details for Combo and Station) 

 Units  : KN, m, C 

  

 Frame :  1182     X Mid:  69.816    Combo:  EQK-T1_Transv   Design Type:  Brace                 

 Length:  8.232    Y Mid:  5.535     Shape:  SHS300x16       Frame Type:  Secndry             

 Loc   :  0.       Z Mid:  -4.746    Class:  Class 1         Rolled : No                       

  

 Country = Portugal - NP EN 1993-1-1/NA:2009-03          

 Combination = Eq. 6.10              Reliability = Class 2                 Interaction = Method 

2 (Annex B)     

 MultiResponse = Envelopes           P-Delta Done? No                      Consider Torsion? No                 

 Ignore Seismic Code?  No            Ignore Special EQ Load?  No           D/P Plug Welded?  Yes                

  

 GammaM0=1.        GammaM1=1.        GammaM2=1.25       

 q=4.              Omega=1.          GammaOV=1.1        

 An/Ag=1.          RLLF=1.           PLLF=0.75         D/C Lim=0.95        Prin. Axis Angle = 0. 

deg            

  

 Aeff=0.017        Av,2=0.01         Av,3=0.009        eNy=0.              eNz=0.             

 A=0.017           Iy=2.301E-04      iy=0.115          Wel,y=0.002         Weff,y=0.002       

 It=3.665E-04      Iz=2.301E-04      iz=0.115          Wel,z=0.002         Weff,z=0.002       

 Iw=0.             Iyz=0.            h=0.3             Wpl,y=0.002          

 E=210000000.      fy=355000.        fu=510000.        Wpl,z=0.002          

  

  

 STRESS CHECK FORCES & MOMENTS 

     Location             Ned       My,Ed       Mz,Ed       V2,Ed       V3,Ed         TEd 

     0.              -4016.56       5.953          0.       2.892          0.          0. 

  

 PMM DEMAND/CAPACITY RATIO   (Governing Equation EC3 6.3.3(4)-6.61) 

     D/C Ratio:     0.89 = 0.876 + 0.014 + 0.   <         0.95          OK 

                        = NEd/(Chi_y NRk/GammaM1) + kyy (My,Ed+NEd eNy)/(Chi_LT My,Rk/GammaM1) 

                            + kyz (Mz,Ed+NEd eNz)/(Mz,Rk/GammaM1)     (EC3 6.3.3(4)-6.61)   

  

 BASIC FACTORS 

     Buckling Mode   K Factor           L       Lcr/i 



     Y-Y                   1.       7.821      68.161 

     Y-Y Braced            1.       7.821      68.161 

     Z-Z                   1.       7.821      68.161 

     Z-Z Braced            1.       7.821      68.161 

     LTB                   1.       7.821      68.161 

  

 AXIAL FORCE DESIGN 

                          NEd       Nc,Rd       Nt,Rd 

                        Force    Capacity    Capacity 

     Axial           -4016.56    6204.424    6204.424 

  

                       Npl,Rd       Nu,Rd       Ncr,T      Ncr,TF       An/Ag 

                     6204.424    6417.646 1124285.678    7796.851          1. 

  

                Curve   Alpha         Ncr   LambdaBar         Phi         Chi       Nb,Rd 

     Y-Y            a    0.21    7796.851       0.892       0.971       0.739       4586. 

     Y-Y Braced     a    0.21    7796.851       0.892       0.971       0.739       4586. 

     Z-Z            a    0.21    7796.851       0.892       0.971       0.739       4586. 

     Z-Z Braced     a    0.21    7796.851       0.892       0.971       0.739       4586. 

     Torsional TF   a    0.21    7796.851       0.892       0.971       0.739       4586. 

  

 MOMENT DESIGN 

                          MEd    MEd,span       Mc,Rd       Mv,Rd       Mn,Rd       Mb,Rd 

                       Moment      Moment    Capacity    Capacity    Capacity    Capacity 

     Y-Y                   0.       5.953     651.528     651.528     296.586     651.528 

     Z-Z                   0.          0.     651.528     651.528     296.586 

  

                      Section      Flange         Web     Epsilon       Alpha         Psi 

     Compactness      Class 1     Class 1     Class 1       0.814          1.       0.295 

  

                Curve AlphaLT LambdaBarLT       PhiLT       ChiLT          Iw         Mcr 

     LTB            d    0.76       0.198       0.519          1.          0.   16600.608 

  

     Factors      kw       C1          C2          C3 

                   1.   1.132       0.459       0.525 

                   za      zs          zg          zz          zj 

                 0.15      0.        0.15          0.          0. 

  

     Factors  Cmy         Cmz        CmLT         kyy         kyz         kzy         kzz 

            0.955          1.       0.955       1.534       0.964       0.921       1.606  

 
EN 1993-1-1:2005/A1:2014 STEEL SECTION CHECK  (Flexural Details for Combo and Station) 

 Units  : KN, m, C 

  

 Frame :  902      X Mid:  69.758    Combo:  EQK-T1_Transv   Design Type:  Beam                  

 Length:  3.55     Y Mid:  9.46      Shape:  PRS500_500x30_20Frame Type:  Secndry             

 Loc   :  3.55     Z Mid:  -1.236    Class:  Class 1         Rolled : No                       

  

 Country = Portugal - NP EN 1993-1-1/NA:2009-03          

 Combination = Eq. 6.10              Reliability = Class 2                 Interaction = Method 

2 (Annex B)     

 MultiResponse = Envelopes           P-Delta Done? No                      Consider Torsion? No                 

 Ignore Seismic Code?  No            Ignore Special EQ Load?  No           D/P Plug Welded?  Yes                

  

 GammaM0=1.        GammaM1=1.        GammaM2=1.25       

 q=4.              Omega=1.          GammaOV=1.1        

 An/Ag=1.          RLLF=1.           PLLF=0.75         D/C Lim=0.95        Prin. Axis Angle = 0. 

deg            

  

 Aeff=0.039        Av,2=0.011        Av,3=0.03         eNy=0.              eNz=0.             

 A=0.039           Iy=0.002          iy=0.215          Wel,y=0.007         Weff,y=0.007       

 It=9.800E-06      Iz=6.253E-04      iz=0.127          Wel,z=0.003         Weff,z=0.003       

 Iw=3.452E-05      Iyz=0.            h=0.5             Wpl,y=0.008          



 E=210000000.      fy=355000.        fu=510000.        Wpl,z=0.004          

  

  

 STRESS CHECK FORCES & MOMENTS 

     Location             Ned       My,Ed       Mz,Ed       V2,Ed       V3,Ed         TEd 

     3.55           -3906.564    1191.416       2.135     425.917       0.305       0.148 

  

 PMM DEMAND/CAPACITY RATIO   (Governing Equation EC3 6.3.3(4)-6.62) 

     D/C Ratio:    0.918 = 0.466 + 0.45 + 0.002   <         0.95          OK 

                        = NEd/(Chi_z NRk/GammaM1) + kzy (My,Ed+NEd eNy)/(Chi_LT My,Rk/GammaM1) 

                            + kzz (Mz,Ed+NEd eNz)/(Mz,Rk/GammaM1)       (EC3 6.3.3(4)-6.62)   

  

 BASIC FACTORS 

     Buckling Mode   K Factor           L       Lcr/i 

     Y-Y                   1.       4.296      19.938 

     Y-Y Braced            1.       4.296      19.938 

     Z-Z                   1.       8.591      67.673 

     Z-Z Braced            1.       8.591      67.673 

     LTB                   1.       8.591      67.673 

  

 AXIAL FORCE DESIGN 

                          NEd       Nc,Rd       Nt,Rd 

                        Force    Capacity    Capacity 

     Axial          -3906.564      13774.      13774. 

  

                       Npl,Rd       Nu,Rd       Ncr,T      Ncr,TF       An/Ag 

                       13774.    14247.36   28157.716   28157.716          1. 

  

                Curve   Alpha         Ncr   LambdaBar         Phi         Chi       Nb,Rd 

     Y-Y            b    0.34  202301.394       0.261       0.544       0.978   13474.911 

     Y-Y Braced     b    0.34  202301.394       0.261       0.544       0.978   13474.911 

     Z-Z            c    0.49   17559.632       0.886        1.06       0.609    8383.701 

     Z-Z Braced     c    0.49   17559.632       0.886        1.06       0.609    8383.701 

     Torsional TF   c    0.49   28157.716       0.699       0.867       0.725    9986.903 

  

 MOMENT DESIGN 

                          MEd    MEd,span       Mc,Rd       Mv,Rd       Mn,Rd       Mb,Rd 

                       Moment      Moment    Capacity    Capacity    Capacity    Capacity 

     Y-Y               58.302    1191.416     2846.39     2846.39    2299.916     2350.12 

     Z-Z                2.135       2.135     1346.87     1346.87    1339.598 

  

                      Section      Flange         Web     Epsilon       Alpha         Psi 

     Compactness      Class 1     Class 1     Class 1       0.814          1.      -0.433 

  

                Curve AlphaLT LambdaBarLT       PhiLT       ChiLT          Iw         Mcr 

     LTB            c    0.49       0.531       0.722       0.826   3.452E-05    10105.25 

  

     Factors      kw       C1          C2          C3 

                   1.   1.817          0.       0.953 

                   za      zs          zg          zz          zj 

                 0.25      0.        0.25          0.          0. 

  

     Factors  Cmy         Cmz        CmLT         kyy         kyz         kzy         kzz 

             0.62       0.763        0.62       0.631       0.708       0.888        1.18  

 

 
EN 1993-1-1:2005/A1:2014 STEEL SECTION CHECK  (Flexural Details for Combo and Station) 

 Units  : KN, m, C 

  

 Frame :  894      X Mid:  69.726    Combo:  EQK-T1_Transv   Design Type:  Beam                  

 Length:  0.75     Y Mid:  11.61     Shape:  TravessasPilaresFrame Type:  Secndry             



 Loc   :  0.75     Z Mid:  -1.236    Class:  Class 3         Rolled : No                       

  

 Country = Portugal - NP EN 1993-1-1/NA:2009-03          

 Combination = Eq. 6.10              Reliability = Class 2                 Interaction = Method 

2 (Annex B)     

 MultiResponse = Envelopes           P-Delta Done? No                      Consider Torsion? No                 

 Ignore Seismic Code?  No            Ignore Special EQ Load?  No           D/P Plug Welded?  Yes                

  

 GammaM0=1.        GammaM1=1.        GammaM2=1.25       

 q=4.              Omega=1.          GammaOV=1.1        

 An/Ag=1.          RLLF=1.           PLLF=0.75         D/C Lim=0.95        Prin. Axis Angle = 

90. deg           

  

 Aeff=0.086        Av,2=0.04         Av,3=0.053        eNy=0.              eNz=0.             

 A=0.086           Iy=0.003          iy=0.197          Wel,y=0.012         Weff,y=0.012       

 It=0.005          Iz=0.004          iz=0.208          Wel,z=0.01          Weff,z=0.01        

 Iw=0.             Iyz=0.            h=0.51            Wpl,y=0.016          

 E=210000000.      fy=355000.        fu=510000.        Wpl,z=0.015          

  

  

 STRESS CHECK FORCES & MOMENTS 

     Location             Ned       My,Ed       Mz,Ed       V2,Ed       V3,Ed         TEd 

     0.75           -3899.475    1501.103        0.57     415.311       0.663       0.148 

  

 PMM DEMAND/CAPACITY RATIO   (Governing Equation EC3 6.3.3(4)-6.61) 

     D/C Ratio:    0.493 = 0.159 + 0.334 + 0.   <         0.95          OK 

                        = NEd/(Chi_y NRk/GammaM1) + kyy (My,Ed+NEd eNy)/(Chi_LT My,Rk/GammaM1) 

                            + kyz (Mz,Ed+NEd eNz)/(Mz,Rk/GammaM1)     (EC3 6.3.3(4)-6.61)   

  

 BASIC FACTORS 

     Buckling Mode   K Factor           L       Lcr/i 

     Y-Y                   1.       8.603      43.604 

     Y-Y Braced            1.       8.603      43.604 

     Z-Z                   1.       4.298      20.678 

     Z-Z Braced            1.       4.298      20.678 

     LTB                   1.       4.298      20.678 

  

 AXIAL FORCE DESIGN 

                          NEd       Nc,Rd       Nt,Rd 

                        Force    Capacity    Capacity 

     Axial          -3899.475    30483.14    30483.14 

  

                       Npl,Rd       Nu,Rd       Ncr,T      Ncr,TF       An/Ag 

                     30483.14    31530.73 4637345.534   93605.096          1. 

  

                Curve   Alpha         Ncr   LambdaBar         Phi         Chi       Nb,Rd 

     Y-Y            c    0.49   93605.096       0.571       0.754       0.803   24466.784 

     Y-Y Braced     c    0.49   93605.096       0.571       0.754       0.803   24466.784 

     Z-Z            c    0.49  416223.595       0.271       0.554       0.964   29388.849 

     Z-Z Braced     c    0.49  416223.595       0.271       0.554       0.964   29388.849 

     Torsional TF   c    0.49   93605.096       0.571       0.754       0.803   24466.784 

  

 MOMENT DESIGN 

                          MEd    MEd,span       Mc,Rd       Mv,Rd       Mn,Rd       Mb,Rd 

                       Moment      Moment    Capacity    Capacity    Capacity    Capacity 

     Y-Y             1191.416    1501.103    4353.789    4353.789    4353.789    4353.789 

     Z-Z                 0.57        0.57     3657.34     3657.34     3657.34 

  

                      Section      Flange         Web     Epsilon       Alpha         Psi 

     Compactness      Class 3     Class 3     Class 3       0.814          1.      -0.744 

  

                Curve AlphaLT LambdaBarLT       PhiLT       ChiLT          Iw         Mcr 

     LTB            d    0.76       0.099       0.467          1.          0.  444124.138 

  

     Factors      kw       C1          C2          C3 

                   1.   1.116          0.       0.999 

                   za      zs          zg          zz          zj 

                0.237      0.       0.237          0.          0. 

  

     Factors  Cmy         Cmz        CmLT         kyy         kyz         kzy         kzz 

            0.917       0.697       0.917       0.968       0.712       0.774       0.712  



 

I

𝝓𝟑 = 𝟏. 𝟎𝟓𝟐







 
 

 EN 1993-1-1:2005/A1:2014 STEEL SECTION CHECK  (Flexural Details for Combo and Station) 

 Units  : KN, m, C 

  

 Frame :  VP_CIe06 X Mid:  123.527   Combo:  ELU-Qv2.07-F-WX-Design Type:  Brace                 

 Length:  6.335    Y Mid:  11.5      Shape:  PRS800x400x30x16Frame Type:  Secndry             

 Loc   :  0.       Z Mid:  -1.911    Class:  Class 3         Rolled : No                       

  

 Country = Portugal - NP EN 1993-1-1/NA:2009-03          

 Combination = Eq. 6.10              Reliability = Class 2                 Interaction = Method 

2 (Annex B)     

 MultiResponse = Envelopes           P-Delta Done? No                      Consider Torsion? No                 

 Ignore Seismic Code?  No            Ignore Special EQ Load?  No           D/P Plug Welded?  Yes                

  

 GammaM0=1.        GammaM1=1.        GammaM2=1.25       



 q=4.              Omega=1.          GammaOV=1.1        

 An/Ag=1.          RLLF=1.           PLLF=0.75         D/C Lim=0.95        Prin. Axis Angle = 0. 

deg            

  

 Aeff=0.033        Av,2=0.017        Av,3=0.022        eNy=0.              eNz=0.             

 A=0.033           Iy=0.004          iy=0.351          Wel,y=0.01          Weff,y=0.01        

 It=7.776E-06      Iz=3.202E-04      iz=0.098          Wel,z=0.002         Weff,z=0.002       

 Iw=4.747E-05      Iyz=0.            h=0.8             Wpl,y=0.011          

 E=210000000.      fy=355000.        fu=510000.        Wpl,z=0.002          

  

  

 STRESS CHECK FORCES & MOMENTS 

     Location             Ned       My,Ed       Mz,Ed       V2,Ed       V3,Ed         TEd 

     0.             -2466.716   -1268.877     -76.883      207.39      25.005       1.556 

  

 PMM DEMAND/CAPACITY RATIO   (Governing Equation EC3 6.3.3(4)-6.62) 

     D/C Ratio:     0.83 = 0.304 + 0.464 + 0.062   <         0.95          OK 

                        = NEd/(Chi_z NRk/GammaM1) + kzy (My,Ed+NEd eNy)/(Chi_LT My,Rk/GammaM1) 

                            + kzz (Mz,Ed+NEd eNz)/(Mz,Rk/GammaM1)       (EC3 6.3.3(4)-6.62)   

  

 BASIC FACTORS 

     Buckling Mode   K Factor           L       Lcr/i 

     Y-Y                   1.       6.335      18.042 

     Y-Y Braced            1.       6.335      18.042 

     Z-Z                   1.       5.702      58.058 

     Z-Z Braced            1.       5.702      58.058 

     LTB                   1.       5.702      58.058 

  

 AXIAL FORCE DESIGN 

                          NEd       Nc,Rd       Nt,Rd 

                        Force    Capacity    Capacity 

     Axial          -2466.716   11785.432   11785.432 

  

                       Npl,Rd       Nu,Rd       Ncr,T      Ncr,TF       An/Ag 

                    11785.432   12190.452   27487.497   20413.376          1. 

  

                Curve   Alpha         Ncr   LambdaBar         Phi         Chi       Nb,Rd 

     Y-Y            c    0.49  211386.991       0.236       0.537       0.982    11568.82 

     Y-Y Braced     c    0.49  211386.991       0.236       0.537       0.982    11568.82 

     Z-Z            c    0.49   20413.376        0.76       0.926       0.687     8101.04 

     Z-Z Braced     c    0.49   20413.376        0.76       0.926       0.687     8101.04 

     Torsional TF   c    0.49   20413.376        0.76       0.926       0.687     8101.04 

  

 MOMENT DESIGN 

                          MEd    MEd,span       Mc,Rd       Mv,Rd       Mn,Rd       Mb,Rd 

                       Moment      Moment    Capacity    Capacity    Capacity    Capacity 

     Y-Y            -1268.877   -1268.877     3632.98     3632.98     3632.98     2622.63 

     Z-Z              -76.883     -76.883     568.348     568.348     568.348 

  

                      Section      Flange         Web     Epsilon       Alpha         Psi 

     Compactness      Class 3     Class 3     Class 3       0.814          1.      -0.581 

  

                Curve AlphaLT LambdaBarLT       PhiLT       ChiLT          Iw         Mcr 

     LTB            d    0.76       0.583       0.815       0.722   4.747E-05   10700.976 

  

     Factors      kw       C1          C2          C3 

                   1.   1.888       0.459       0.525 

                   za      zs          zg          zz          zj 

                  0.4      0.         0.4          0.          0. 

  

     Factors  Cmy         Cmz        CmLT         kyy         kyz         kzy         kzz 

            0.505         0.4       0.528        0.52       0.456       0.958       0.456  



 
 EN 1993-1-1:2005/A1:2014 STEEL SECTION CHECK  (Flexural Details for Combo and Station) 

 Units  : KN, m, C 

  

 Frame :  VP_CIe18 X Mid:  47.455    Combo:  ELU-Qv2.04-A-WY-Design Type:  Beam                  

 Length:  6.374    Y Mid:  11.7      Shape:  PRS800x400x25x16Frame Type:  Secndry             

 Loc   :  6.374    Z Mid:  -0.079    Class:  Class 1         Rolled : No                       

  

 Country = Portugal - NP EN 1993-1-1/NA:2009-03          

 Combination = Eq. 6.10              Reliability = Class 2                 Interaction = Method 

2 (Annex B)     

 MultiResponse = Envelopes           P-Delta Done? No                      Consider Torsion? No                 

 Ignore Seismic Code?  No            Ignore Special EQ Load?  No           D/P Plug Welded?  Yes                

  

 GammaM0=1.        GammaM1=1.        GammaM2=1.25       

 q=4.              Omega=1.          GammaOV=1.1        

 An/Ag=1.          RLLF=1.           PLLF=0.75         D/C Lim=0.95        Prin. Axis Angle = 0. 

deg            

  

 Aeff=0.032        Av,2=0.014        Av,3=0.02         eNy=0.              eNz=0.             

 A=0.032           Iy=0.004          iy=0.334          Wel,y=0.009         Weff,y=0.009       

 It=5.013E-06      Iz=2.669E-04      iz=0.091          Wel,z=0.001         Weff,z=0.001       

 Iw=4.747E-05      Iyz=0.            h=0.8             Wpl,y=0.01           

 E=210000000.      fy=355000.        fu=510000.        Wpl,z=0.002          

  

  

 STRESS CHECK FORCES & MOMENTS 

     Location             Ned       My,Ed       Mz,Ed       V2,Ed       V3,Ed         TEd 

     6.374            3560.81     237.731     -23.827       6.891       2.803        0.09 

  

 PMM DEMAND/CAPACITY RATIO   (Governing Equation EC3 6.2.9.1(6n)) 

     D/C Ratio:    0.313 = 0.313   <         0.95          OK 

                        = (NEd/NRd)       (EC3 6.2.9.1(6n))   

  

 BASIC FACTORS 

     Buckling Mode   K Factor           L       Lcr/i 

     Y-Y                   1.       6.374      19.093 

     Y-Y Braced            1.       6.374      19.093 

     Z-Z                   1.       5.737      62.815 

     Z-Z Braced            1.       5.737      62.815 

     LTB                   1.       5.737      62.815 

  

 AXIAL FORCE DESIGN 

                          NEd       Nc,Rd       Nt,Rd 

                        Force    Capacity    Capacity 

     Axial            3560.81      11360.      11360. 

  

                       Npl,Rd       Nu,Rd       Ncr,T      Ncr,TF       An/Ag 

                       11360.     11750.4   28332.233   28332.233          1. 

  

                Curve   Alpha         Ncr   LambdaBar         Phi         Chi       Nb,Rd 

     Y-Y            b    0.34  181927.803        0.25        0.54       0.982   11158.379 

     Y-Y Braced     b    0.34  181927.803        0.25        0.54       0.982   11158.379 

     Z-Z            c    0.49   16808.811       0.822        0.99       0.648    7364.547 

     Z-Z Braced     c    0.49   16808.811       0.822        0.99       0.648    7364.547 

     Torsional TF   c    0.49   28332.233       0.633       0.807       0.766    8696.409 

  

 MOMENT DESIGN 

                          MEd    MEd,span       Mc,Rd       Mv,Rd       Mn,Rd       Mb,Rd 

                       Moment      Moment    Capacity    Capacity    Capacity    Capacity 

     Y-Y              237.731     248.359       3550.       3550.    2999.688    2619.058 

     Z-Z              -23.827     -23.827      727.04      727.04      727.04 

  

                      Section      Flange         Web     Epsilon       Alpha         Psi 



     Compactness      Class 1     Class 1     Class 1       0.814       0.082      -1.627 

  

                Curve AlphaLT LambdaBarLT       PhiLT       ChiLT          Iw         Mcr 

     LTB            c    0.49       0.679       0.848       0.738   4.747E-05    7704.334 

  

     Factors      kw       C1          C2          C3 

                   1.    1.02          0.       0.996 

                   za      zs          zg          zz          zj 

                  0.4 5.6E-17         0.4          0.   5.551E-17 

  

     Factors  Cmy         Cmz        CmLT         kyy         kyz         kzy         kzz 

            0.998       0.517       0.986       0.998        0.31          1.       0.517 

 
 EN 1993-1-1:2005/A1:2014 STEEL SECTION CHECK  (Flexural Details for Combo and Station) 

 Units  : KN, m, C 

  

 Frame :  VP_CSe25 X Mid:  49.032    Combo:  ELU-Qv2.04-F-WX-Design Type:  Beam                  

 Length:  3.217    Y Mid:  11.775    Shape:  PRS700x400x30x16Frame Type:  Secndry             

 Loc   :  0.       Z Mid:  5.466     Class:  Class 3         Rolled : No                       

  

 Country = Portugal - NP EN 1993-1-1/NA:2009-03          

 Combination = Eq. 6.10              Reliability = Class 2                 Interaction = Method 

2 (Annex B)     

 MultiResponse = Envelopes           P-Delta Done? No                      Consider Torsion? No                 

 Ignore Seismic Code?  No            Ignore Special EQ Load?  No           D/P Plug Welded?  Yes                

  

 GammaM0=1.        GammaM1=1.        GammaM2=1.25       

 q=4.              Omega=1.          GammaOV=1.1        

 An/Ag=1.          RLLF=1.           PLLF=0.75         D/C Lim=0.95        Prin. Axis Angle = 0. 

deg            

  

 Aeff=0.033        Av,2=0.013        Av,3=0.022        eNy=0.              eNz=0.             

 A=0.033           Iy=0.003          iy=0.305          Wel,y=0.009         Weff,y=0.009       

 It=7.741E-06      Iz=3.202E-04      iz=0.099          Wel,z=0.002         Weff,z=0.002       

 Iw=3.594E-05      Iyz=0.            h=0.7             Wpl,y=0.01           

 E=210000000.      fy=355000.        fu=510000.        Wpl,z=0.002          

  

  

 STRESS CHECK FORCES & MOMENTS 

     Location             Ned       My,Ed       Mz,Ed       V2,Ed       V3,Ed         TEd 

     0.             -4851.924     222.486     -107.53      41.927      44.478       2.077 

  

 PMM DEMAND/CAPACITY RATIO   (Governing Equation EC3 6.3.3(4)-6.62) 

     D/C Ratio:     0.84 = 0.61 + 0.11 + 0.12   <         0.95          OK 

                        = NEd/(Chi_z NRk/GammaM1) + kzy (My,Ed+NEd eNy)/(Chi_LT My,Rk/GammaM1) 

                            + kzz (Mz,Ed+NEd eNz)/(Mz,Rk/GammaM1)       (EC3 6.3.3(4)-6.62)   

  

 BASIC FACTORS 

     Buckling Mode   K Factor           L       Lcr/i 

     Y-Y                   1.       12.76      41.885 

     Y-Y Braced            1.       12.76      41.885 

     Z-Z                   1.       5.791      58.611 

     Z-Z Braced            1.       5.791      58.611 

     LTB                   1.       5.791      58.611 

  

 AXIAL FORCE DESIGN 

                          NEd       Nc,Rd       Nt,Rd 

                        Force    Capacity    Capacity 

     Axial          -4851.924   11642.296   11642.296 

  

                       Npl,Rd       Nu,Rd       Ncr,T      Ncr,TF       An/Ag 

                    11642.296   12042.397   27748.657   19786.903          1. 



  

                Curve   Alpha         Ncr   LambdaBar         Phi         Chi       Nb,Rd 

     Y-Y            c    0.49   38745.005       0.548       0.736       0.816    9496.239 

     Y-Y Braced     c    0.49   38745.005       0.548       0.736       0.816    9496.239 

     Z-Z            c    0.49   19786.903       0.767       0.933       0.683    7949.823 

     Z-Z Braced     c    0.49   19786.903       0.767       0.933       0.683    7949.823 

     Torsional TF   c    0.49   19786.903       0.767       0.933       0.683    7949.823 

  

 MOMENT DESIGN 

                          MEd    MEd,span       Mc,Rd       Mv,Rd       Mn,Rd       Mb,Rd 

                       Moment      Moment    Capacity    Capacity    Capacity    Capacity 

     Y-Y              122.208     222.486    3087.226    3087.226    3087.226    1946.101 

     Z-Z              -107.53     -107.53     568.333     568.333     568.333 

  

                      Section      Flange         Web     Epsilon       Alpha         Psi 

     Compactness      Class 3     Class 3     Class 3       0.814          1.      -0.167 

  

                Curve AlphaLT LambdaBarLT       PhiLT       ChiLT          Iw         Mcr 

     LTB            d    0.76        0.72       0.956        0.63   3.594E-05    5961.072 

  

     Factors      kw       C1          C2          C3 

                   1.   1.199       0.459       0.525 

                   za      zs          zg          zz          zj 

                 0.35      0.        0.35          0.          0. 

  

     Factors  Cmy         Cmz        CmLT         kyy         kyz         kzy         kzz 

            0.836       0.496       0.836       0.977       0.635        0.96       0.635  

 
 EN 1993-1-1:2005/A1:2014 STEEL SECTION CHECK  (Flexural Details for Combo and Station) 

 Units  : KN, m, C 

  

 Frame :  VP_CSe20 X Mid:  68.11     Combo:  ELU-Qv2.03-A-WY-Design Type:  Brace                 

 Length:  3.213    Y Mid:  12.294    Shape:  PRS700x400x25x16Frame Type:  Secndry             

 Loc   :  3.213    Z Mid:  5.189     Class:  Class 1         Rolled : No                       

  

 Country = Portugal - NP EN 1993-1-1/NA:2009-03          

 Combination = Eq. 6.10              Reliability = Class 2                 Interaction = Method 

2 (Annex B)     

 MultiResponse = Envelopes           P-Delta Done? No                      Consider Torsion? No                 

 Ignore Seismic Code?  No            Ignore Special EQ Load?  No           D/P Plug Welded?  Yes                

  

 GammaM0=1.        GammaM1=1.        GammaM2=1.25       

 q=4.              Omega=1.          GammaOV=1.1        

 An/Ag=1.          RLLF=1.           PLLF=0.75         D/C Lim=0.95        Prin. Axis Angle = 0. 

deg            

  

 Aeff=0.03         Av,2=0.012        Av,3=0.02         eNy=0.              eNz=0.             

 A=0.03            Iy=0.003          iy=0.295          Wel,y=0.008         Weff,y=0.008       

 It=4.876E-06      Iz=2.669E-04      iz=0.094          Wel,z=0.001         Weff,z=0.001       

 Iw=3.594E-05      Iyz=0.            h=0.7             Wpl,y=0.008          

 E=210000000.      fy=355000.        fu=510000.        Wpl,z=0.002          

  

  

 STRESS CHECK FORCES & MOMENTS 

     Location             Ned       My,Ed       Mz,Ed       V2,Ed       V3,Ed         TEd 

     3.213           3779.274    -209.519    -104.687      16.885      32.095       1.863 

  

 PMM DEMAND/CAPACITY RATIO   (Governing Equation EC3 6.2.9.1(6n)) 

     D/C Ratio:     0.35 = 0.35   <         0.95          OK 

                        = (NEd/NRd)       (EC3 6.2.9.1(6n))   



  

 BASIC FACTORS 

     Buckling Mode   K Factor           L       Lcr/i 

     Y-Y                   1.        6.38      21.629 

     Y-Y Braced            1.        6.38      21.629 

     Z-Z                   1.       5.784      61.732 

     Z-Z Braced            1.       5.784      61.732 

     LTB                   1.       5.784      61.732 

  

 AXIAL FORCE DESIGN 

                          NEd       Nc,Rd       Nt,Rd 

                        Force    Capacity    Capacity 

     Axial           3779.274      10792.      10792. 

  

                       Npl,Rd       Nu,Rd       Ncr,T      Ncr,TF       An/Ag 

                       10792.    11162.88   27352.805   27352.805          1. 

  

                Curve   Alpha         Ncr   LambdaBar         Phi         Chi       Nb,Rd 

     Y-Y            b    0.34  134679.572       0.283       0.554        0.97   10471.302 

     Y-Y Braced     b    0.34  134679.572       0.283       0.554        0.97   10471.302 

     Z-Z            c    0.49   16533.535       0.808       0.975       0.657    7092.301 

     Z-Z Braced     c    0.49   16533.535       0.808       0.975       0.657    7092.301 

     Torsional TF   c    0.49   27352.805       0.628       0.802       0.769    8294.601 

  

 MOMENT DESIGN 

                          MEd    MEd,span       Mc,Rd       Mv,Rd       Mn,Rd       Mb,Rd 

                       Moment      Moment    Capacity    Capacity    Capacity    Capacity 

     Y-Y             -209.519    -209.519      2996.2      2996.2    2348.707    2031.045 

     Z-Z             -104.687    -104.687     724.768     724.768     724.658 

  

                      Section      Flange         Web     Epsilon       Alpha         Psi 

     Compactness      Class 1     Class 1     Class 1       0.814   1.000E-06        -1.7 

  

                Curve AlphaLT LambdaBarLT       PhiLT       ChiLT          Iw         Mcr 

     LTB            c    0.49       0.775       0.941       0.678   3.594E-05     4988.81 

  

     Factors      kw       C1          C2          C3 

                   1.   1.123       0.459       0.525 

                   za      zs          zg          zz          zj 

                 0.35 5.6E-17        0.35          0.  -5.551E-17 

  

     Factors  Cmy         Cmz        CmLT         kyy         kyz         kzy         kzz 

            0.888       0.534       0.888       0.888        0.32          1.       0.534 

 
  EN 1993-1-1:2005/A1:2014 STEEL SECTION CHECK  (Flexural Details for Combo and Station) 

 Units  : KN, m, C 

  

 Frame :  VP-De-10 X Mid:  26.869    Combo:  ELU-Qv2.02-F-WY-Design Type:  Brace                 

 Length:  6.402    Y Mid:  10.72     Shape:  SHS350x16       Frame Type:  Secndry             

 Loc   :  6.402    Z Mid:  2.775     Class:  Class 2         Rolled : No                       

  

 Country = Portugal - NP EN 1993-1-1/NA:2009-03          

 Combination = Eq. 6.10              Reliability = Class 2                 Interaction = Method 

2 (Annex B)     

 MultiResponse = Envelopes           P-Delta Done? No                      Consider Torsion? No                 

 Ignore Seismic Code?  No            Ignore Special EQ Load?  No           D/P Plug Welded?  Yes                

  

 GammaM0=1.        GammaM1=1.        GammaM2=1.25       

 q=4.              Omega=1.          GammaOV=1.1        

 An/Ag=1.          RLLF=1.           PLLF=0.75         D/C Lim=0.95        Prin. Axis Angle = 

90. deg           

  



 Aeff=0.021        Av,2=0.012        Av,3=0.01         eNy=0.              eNz=0.             

 A=0.021           Iy=3.742E-04      iy=0.135          Wel,y=0.002         Weff,y=0.002       

 It=5.962E-04      Iz=3.742E-04      iz=0.135          Wel,z=0.002         Weff,z=0.002       

 Iw=0.             Iyz=0.            h=0.35            Wpl,y=0.003          

 E=210000000.      fy=355000.        fu=510000.        Wpl,z=0.003          

  

  

 STRESS CHECK FORCES & MOMENTS 

     Location             Ned       My,Ed       Mz,Ed       V2,Ed       V3,Ed         TEd 

     6.402          -3906.252     -35.224    -299.173       4.602      57.991       3.553 

  

 PMM DEMAND/CAPACITY RATIO   (Governing Equation EC3 6.3.3(4)-6.62) 

     D/C Ratio:    0.808 = 0.573 + 0.019 + 0.217   <         0.95          OK 

                        = NEd/(Chi_z NRk/GammaM1) + kzy (My,Ed+NEd eNy)/(Chi_LT My,Rk/GammaM1) 

                            + kzz (Mz,Ed+NEd eNz)/(Mz,Rk/GammaM1)       (EC3 6.3.3(4)-6.62)   

  

 BASIC FACTORS 

     Buckling Mode   K Factor           L       Lcr/i 

     Y-Y                   1.       4.801      35.589 

     Y-Y Braced            1.       4.801      35.589 

     Z-Z                   1.       4.801      35.589 

     Z-Z Braced            1.       4.801      35.589 

     LTB                   1.       4.801      35.589 

  

 AXIAL FORCE DESIGN 

                          NEd       Nc,Rd       Nt,Rd 

                        Force    Capacity    Capacity 

     Axial          -3906.252    7299.081    7299.081 

  

                       Npl,Rd       Nu,Rd       Ncr,T      Ncr,TF       An/Ag 

                     7299.081    7549.923 1322809.898   33645.379          1. 

  

                Curve   Alpha         Ncr   LambdaBar         Phi         Chi       Nb,Rd 

     Y-Y            a    0.21   33645.379       0.466       0.636       0.935    6821.539 

     Y-Y Braced     a    0.21   33645.379       0.466       0.636       0.935    6821.539 

     Z-Z            a    0.21   33645.379       0.466       0.636       0.935    6821.539 

     Z-Z Braced     a    0.21   33645.379       0.466       0.636       0.935    6821.539 

     Torsional TF   a    0.21   33645.379       0.466       0.636       0.935    6821.539 

  

 MOMENT DESIGN 

                          MEd    MEd,span       Mc,Rd       Mv,Rd       Mn,Rd       Mb,Rd 

                       Moment      Moment    Capacity    Capacity    Capacity    Capacity 

     Y-Y              -35.224     -35.224     901.361     901.361     542.464     901.361 

     Z-Z             -299.173    -299.173     901.361     901.361     542.464 

  

                      Section      Flange         Web     Epsilon       Alpha         Psi 

     Compactness      Class 2     Class 2     Class 2       0.814          1.        0.07 

  

                Curve AlphaLT LambdaBarLT       PhiLT       ChiLT          Iw         Mcr 

     LTB            d    0.76       0.131       0.482          1.          0.   52473.736 

  

     Factors      kw       C1          C2          C3 

                   1.   1.394       0.459       0.525 

                   za      zs          zg          zz          zj 

                0.175      0.       0.175          0.          0. 

  

     Factors  Cmy         Cmz        CmLT         kyy         kyz         kzy         kzz 

            0.707       0.567       0.707       0.815       0.392       0.489       0.653 

  



 
  EN 1993-1-1:2005/A1:2014 STEEL SECTION CHECK  (Flexural Details for Combo and Station) 

 Units  : KN, m, C 

  

 Frame :  VP-De-21 X Mid:  61.767    Combo:  ELU-Qv2.04-F-WY-Design Type:  Brace                 

 Length:  6.439    Y Mid:  12.134    Shape:  SHS350x12.5     Frame Type:  Secndry             

 Loc   :  0.       Z Mid:  2.512     Class:  Class 2         Rolled : No                       

  

 Country = Portugal - NP EN 1993-1-1/NA:2009-03          

 Combination = Eq. 6.10              Reliability = Class 2                 Interaction = Method 

2 (Annex B)     

 MultiResponse = Envelopes           P-Delta Done? No                      Consider Torsion? No                 

 Ignore Seismic Code?  No            Ignore Special EQ Load?  No           D/P Plug Welded?  Yes                

  

 GammaM0=1.        GammaM1=1.        GammaM2=1.25       

 q=4.              Omega=1.          GammaOV=1.1        

 An/Ag=1.          RLLF=1.           PLLF=0.75         D/C Lim=0.95        Prin. Axis Angle = 0. 

deg            

  

 Aeff=0.017        Av,2=0.01         Av,3=0.008        eNy=0.              eNz=0.             

 A=0.017           Iy=3.116E-04      iy=0.137          Wel,y=0.002         Weff,y=0.002       

 It=4.805E-04      Iz=3.116E-04      iz=0.137          Wel,z=0.002         Weff,z=0.002       

 Iw=0.             Iyz=0.            h=0.35            Wpl,y=0.002          

 E=210000000.      fy=355000.        fu=510000.        Wpl,z=0.002          

  

  

 STRESS CHECK FORCES & MOMENTS 

     Location             Ned       My,Ed       Mz,Ed       V2,Ed       V3,Ed         TEd 

     0.              -2844.22      90.845     290.846      24.695      46.482      43.518 

  

 PMM DEMAND/CAPACITY RATIO   (Governing Equation EC3 6.3.3(4)-6.62) 

     D/C Ratio:    0.867 = 0.517 + 0.039 + 0.311   <         0.95          OK 

                        = NEd/(Chi_z NRk/GammaM1) + kzy (My,Ed+NEd eNy)/(Chi_LT My,Rk/GammaM1) 

                            + kzz (Mz,Ed+NEd eNz)/(Mz,Rk/GammaM1)       (EC3 6.3.3(4)-6.62)   

  

 BASIC FACTORS 

     Buckling Mode   K Factor           L       Lcr/i 

     Y-Y                   1.       4.829      35.212 

     Y-Y Braced            1.       4.829      35.212 

     Z-Z                   1.       4.829      35.212 

     Z-Z Braced            1.       4.829      35.212 

     LTB                   1.       4.829      35.212 

  

 AXIAL FORCE DESIGN 

                          NEd       Nc,Rd       Nt,Rd 

                        Force    Capacity    Capacity 

     Axial           -2844.22    5879.597    5879.597 

  

                       Npl,Rd       Nu,Rd       Ncr,T      Ncr,TF       An/Ag 

                     5879.597    6081.657 1031651.471   27686.274          1. 

  

                Curve   Alpha         Ncr   LambdaBar         Phi         Chi       Nb,Rd 

     Y-Y            a    0.21   27686.274       0.461       0.634       0.936    5503.368 

     Y-Y Braced     a    0.21   27686.274       0.461       0.634       0.936    5503.368 

     Z-Z            a    0.21   27686.274       0.461       0.634       0.936    5503.368 

     Z-Z Braced     a    0.21   27686.274       0.461       0.634       0.936    5503.368 

     Torsional TF   a    0.21   27686.274       0.461       0.634       0.936    5503.368 

  

 MOMENT DESIGN 

                          MEd    MEd,span       Mc,Rd       Mv,Rd       Mn,Rd       Mb,Rd 

                       Moment      Moment    Capacity    Capacity    Capacity    Capacity 

     Y-Y               90.845      90.845     739.445     739.445     499.562     739.445 

     Z-Z              290.846     290.846     739.445     739.445     499.562 

  



                      Section      Flange         Web     Epsilon       Alpha         Psi 

     Compactness      Class 2     Class 2     Class 2       0.814          1.      -0.033 

  

                Curve AlphaLT LambdaBarLT       PhiLT       ChiLT          Iw         Mcr 

     LTB            d    0.76       0.097       0.465          1.          0.   79260.054 

  

     Factors      kw       C1          C2          C3 

                   1.   2.418          0.        0.79 

                   za      zs          zg          zz          zj 

                0.175      0.       0.175          0.          0. 

  

     Factors  Cmy         Cmz        CmLT         kyy         kyz         kzy         kzz 

            0.464       0.697       0.464       0.527       0.475       0.316       0.791 

  

 
  EN 1993-1-1:2005/A1:2014 STEEL SECTION CHECK  (Flexural Details for Combo and Station) 

 Units  : KN, m, C 

  

 Frame :  VP-De-08 X Mid:  20.445    Combo:  ELU-Qv2.02-A-WY-Design Type:  Brace                 

 Length:  6.419    Y Mid:  10.389    Shape:  SHS350x10       Frame Type:  Secndry             

 Loc   :  6.419    Z Mid:  2.775     Class:  Class 2         Rolled : No                       

  

 Country = Portugal - NP EN 1993-1-1/NA:2009-03          

 Combination = Eq. 6.10              Reliability = Class 2                 Interaction = Method 

2 (Annex B)     

 MultiResponse = Envelopes           P-Delta Done? No                      Consider Torsion? No                 

 Ignore Seismic Code?  No            Ignore Special EQ Load?  No           D/P Plug Welded?  Yes                

  

 GammaM0=1.        GammaM1=1.        GammaM2=1.25       

 q=4.              Omega=1.          GammaOV=1.1        

 An/Ag=1.          RLLF=1.           PLLF=0.75         D/C Lim=0.95        Prin. Axis Angle = 0. 

deg            

  

 Aeff=0.013        Av,2=0.008        Av,3=0.007        eNy=0.              eNz=0.             

 A=0.013           Iy=2.541E-04      iy=0.138          Wel,y=0.001         Weff,y=0.001       

 It=3.930E-04      Iz=2.541E-04      iz=0.138          Wel,z=0.001         Weff,z=0.001       

 Iw=0.             Iyz=0.            h=0.35            Wpl,y=0.002          

 E=210000000.      fy=355000.        fu=510000.        Wpl,z=0.002          

  

  

 STRESS CHECK FORCES & MOMENTS 

     Location             Ned       My,Ed       Mz,Ed       V2,Ed       V3,Ed         TEd 

     6.419           2574.243     -64.973      321.62      18.463      68.274       15.45 

  

 PMM DEMAND/CAPACITY RATIO   (Governing Equation EC3 6.2.9.1(6z)) 

     D/C Ratio:    0.898 = 0.898   <         0.95          OK 

                        = (Mz,Ed/Mn,z,Rd)       (EC3 6.2.9.1(6z))   

  

 BASIC FACTORS 

     Buckling Mode   K Factor           L       Lcr/i 

     Y-Y                   1.       4.814      34.866 

     Y-Y Braced            1.       4.814      34.866 

     Z-Z                   1.       4.814      34.866 

     Z-Z Braced            1.       4.814      34.866 

     LTB                   1.       4.814      34.866 

  

 AXIAL FORCE DESIGN 

                          NEd       Nc,Rd       Nt,Rd 

                        Force    Capacity    Capacity 

     Axial           2574.243    4731.103    4731.103 

  

                       Npl,Rd       Nu,Rd       Ncr,T      Ncr,TF       An/Ag 



                     4731.103    4893.693   832521.27   22722.587          1. 

  

                Curve   Alpha         Ncr   LambdaBar         Phi         Chi       Nb,Rd 

     Y-Y            a    0.21   22722.587       0.456       0.631       0.937    4434.544 

     Y-Y Braced     a    0.21   22722.587       0.456       0.631       0.937    4434.544 

     Z-Z            a    0.21   22722.587       0.456       0.631       0.937    4434.544 

     Z-Z Braced     a    0.21   22722.587       0.456       0.631       0.937    4434.544 

     Torsional TF   a    0.21   22722.587       0.456       0.631       0.937    4434.544 

  

 MOMENT DESIGN 

                          MEd    MEd,span       Mc,Rd       Mv,Rd       Mn,Rd       Mb,Rd 

                       Moment      Moment    Capacity    Capacity    Capacity    Capacity 

     Y-Y              -64.973     -64.973     598.991     598.991     358.071     598.991 

     Z-Z               321.62      321.62     598.991     598.991     358.071 

  

                      Section      Flange         Web     Epsilon       Alpha         Psi 

     Compactness      Class 2     Class 2     Class 2       0.814   1.000E-06      -2.088 

  

                Curve AlphaLT LambdaBarLT       PhiLT       ChiLT          Iw         Mcr 

     LTB            d    0.76       0.108       0.471          1.          0.   51428.877 

  

     Factors      kw       C1          C2          C3 

                   1.   2.049       0.459       0.525 

                   za      zs          zg          zz          zj 

                0.175      0.       0.175          0.          0. 

  

     Factors  Cmy         Cmz        CmLT         kyy         kyz         kzy         kzz 

             0.48       0.597        0.48        0.48       0.358       0.288       0.597 

  

 



 
 EN 1993-1-1:2005/A1:2014 STEEL SECTION CHECK  (Flexural Details for Combo and Station) 

 Units  : KN, m, C 

  



 Frame :  TrvS_D-15X Mid:  69.81     Combo:  EQK-T1_Transv   Design Type:  Brace                 

 Length:  11.223   Y Mid:  7.652     Shape:  SHS250x6.3      Frame Type:  Secndry             

 Loc   :  11.223   Z Mid:  5.147     Class:  Class 3         Rolled : No                       

  

 Country = Portugal - NP EN 1993-1-1/NA:2009-03          

 Combination = Eq. 6.10              Reliability = Class 2                 Interaction = Method 

2 (Annex B)     

 MultiResponse = Envelopes           P-Delta Done? No                      Consider Torsion? No                 

 Ignore Seismic Code?  No            Ignore Special EQ Load?  No           D/P Plug Welded?  Yes                

  

 GammaM0=1.        GammaM1=1.        GammaM2=1.25       

 q=4.              Omega=1.          GammaOV=1.1        

 An/Ag=1.          RLLF=1.           PLLF=0.75         D/C Lim=0.95        Prin. Axis Angle = 0. 

deg            

  

 Aeff=0.006        Av,2=0.004        Av,3=0.003        eNy=0.              eNz=0.             

 A=0.006           Iy=5.928E-05      iy=0.099          Wel,y=4.742E-04     Weff,y=4.742E-04   

 It=9.118E-05      Iz=5.928E-05      iz=0.099          Wel,z=4.742E-04     Weff,z=4.742E-04   

 Iw=0.             Iyz=0.            h=0.25            Wpl,y=5.488E-04      

 E=210000000.      fy=275000.        fu=430000.        Wpl,z=5.488E-04      

  

  

 STRESS CHECK FORCES & MOMENTS 

     Location             Ned       My,Ed       Mz,Ed       V2,Ed       V3,Ed         TEd 

     11.223          -245.066       7.772       5.795       2.721       1.556          0. 

  

 PMM DEMAND/CAPACITY RATIO   (Governing Equation EC3 6.3.3(4)-6.61) 

     D/C Ratio:    0.465 = 0.348 + 0.069 + 0.048   <         0.95          OK 

                        = NEd/(Chi_y NRk/GammaM1) + kyy (My,Ed+NEd eNy)/(Chi_LT My,Rk/GammaM1) 

                            + kyz (Mz,Ed+NEd eNz)/(Mz,Rk/GammaM1)     (EC3 6.3.3(4)-6.61)   

  

 BASIC FACTORS 

     Buckling Mode   K Factor           L       Lcr/i 

     Y-Y                   1.      11.223     113.283 

     Y-Y Braced            1.      11.223     113.283 

     Z-Z                   1.      11.223     113.283 

     Z-Z Braced            1.      11.223     113.283 

     LTB                   1.      11.223     113.283 

  

 AXIAL FORCE DESIGN 

                          NEd       Nc,Rd       Nt,Rd 

                        Force    Capacity    Capacity 

     Axial           -245.066    1660.941    1660.941 

  

                       Npl,Rd       Nu,Rd       Ncr,T      Ncr,TF       An/Ag 

                     1660.941    1869.917  375191.339     975.464          1. 

  

                Curve   Alpha         Ncr   LambdaBar         Phi         Chi       Nb,Rd 

     Y-Y            b    0.34     975.464       1.305       1.539       0.425     705.129 

     Y-Y Braced     b    0.34     975.464       1.305       1.539       0.425     705.129 

     Z-Z            b    0.34     975.464       1.305       1.539       0.425     705.129 

     Z-Z Braced     b    0.34     975.464       1.305       1.539       0.425     705.129 

     Torsional TF   b    0.34     975.464       1.305       1.539       0.425     705.129 

  

 MOMENT DESIGN 

                          MEd    MEd,span       Mc,Rd       Mv,Rd       Mn,Rd       Mb,Rd 

                       Moment      Moment    Capacity    Capacity    Capacity    Capacity 

     Y-Y                   0.       7.772     130.411     130.411     130.411     130.411 

     Z-Z                   0.       5.795     130.411     130.411     130.411 

  

                      Section      Flange         Web     Epsilon       Alpha         Psi 

     Compactness      Class 3     Class 3     Class 1       0.924       0.667      -0.705 

  

                Curve AlphaLT LambdaBarLT       PhiLT       ChiLT          Iw         Mcr 

     LTB            d    0.76       0.209       0.526       0.993          0.    2971.398 

  

     Factors      kw       C1          C2          C3 

                   1.   1.132       0.459       0.525 

                   za      zs          zg          zz          zj 

                0.125      0.       0.125          0.          0. 

  

     Factors  Cmy         Cmz        CmLT         kyy         kyz         kzy         kzz 

             0.95         0.9        0.95       1.148       1.088       0.918       1.088 



 
EN 1993-1-1:2005/A1:2014 STEEL SECTION CHECK  (Flexural Details for Combo and Station) 

 Units  : KN, m, C 

  

 Frame :  TrvS_M-19X Mid:  47.646    Combo:  ELU-Qv2.04-F-WY-Design Type:  Beam                  

 Length:  9.299    Y Mid:  7.054     Shape:  SHS250x6.3      Frame Type:  Secndry             

 Loc   :  0.       Z Mid:  5.471     Class:  Class 3         Rolled : No                       

  

 Country = Portugal - NP EN 1993-1-1/NA:2009-03          

 Combination = Eq. 6.10              Reliability = Class 2                 Interaction = Method 

2 (Annex B)     

 MultiResponse = Envelopes           P-Delta Done? No                      Consider Torsion? No                 

 Ignore Seismic Code?  No            Ignore Special EQ Load?  No           D/P Plug Welded?  Yes                

  

 GammaM0=1.        GammaM1=1.        GammaM2=1.25       

 q=4.              Omega=1.          GammaOV=1.1        

 An/Ag=1.          RLLF=1.           PLLF=0.75         D/C Lim=0.95        Prin. Axis Angle = 0. 

deg            

  

 Aeff=0.006        Av,2=0.004        Av,3=0.003        eNy=0.              eNz=0.             

 A=0.006           Iy=5.928E-05      iy=0.099          Wel,y=4.742E-04     Weff,y=4.742E-04   

 It=9.118E-05      Iz=5.928E-05      iz=0.099          Wel,z=4.742E-04     Weff,z=4.742E-04   

 Iw=0.             Iyz=0.            h=0.25            Wpl,y=5.488E-04      

 E=210000000.      fy=275000.        fu=430000.        Wpl,z=5.488E-04      

  

  

 STRESS CHECK FORCES & MOMENTS 

     Location             Ned       My,Ed       Mz,Ed       V2,Ed       V3,Ed         TEd 

     0.              -138.685     -44.422       7.949       5.656        1.36       0.062 

  

 PMM DEMAND/CAPACITY RATIO   (Governing Equation EC3 6.2.1(7), 6.2.9.2(1)) 

     D/C Ratio:    0.485 = 0.083 + 0.341 + 0.061   <         0.95          OK 

                        = (NEd/NRd) + (My,Ed/My,Rd) + (Mz,Ed/Mz,Rd)       (EC3 6.2.1(7), 

6.2.9.2(1))   

  

 BASIC FACTORS 

     Buckling Mode   K Factor           L       Lcr/i 

     Y-Y                   1.       9.299      93.869 

     Y-Y Braced            1.       9.299      93.869 

     Z-Z                   1.       9.299      93.869 

     Z-Z Braced            1.       9.299      93.869 

     LTB                   1.       9.299      93.869 

  

 AXIAL FORCE DESIGN 

                          NEd       Nc,Rd       Nt,Rd 

                        Force    Capacity    Capacity 

     Axial           -138.685    1660.941    1660.941 

  

                       Npl,Rd       Nu,Rd       Ncr,T      Ncr,TF       An/Ag 

                     1660.941    1869.917  375191.339    1420.688          1. 

  

                Curve   Alpha         Ncr   LambdaBar         Phi         Chi       Nb,Rd 

     Y-Y            b    0.34    1420.688       1.081       1.234       0.547     907.711 

     Y-Y Braced     b    0.34    1420.688       1.081       1.234       0.547     907.711 

     Z-Z            b    0.34    1420.688       1.081       1.234       0.547     907.711 

     Z-Z Braced     b    0.34    1420.688       1.081       1.234       0.547     907.711 

     Torsional TF   b    0.34    1420.688       1.081       1.234       0.547     907.711 

  

 MOMENT DESIGN 

                          MEd    MEd,span       Mc,Rd       Mv,Rd       Mn,Rd       Mb,Rd 

                       Moment      Moment    Capacity    Capacity    Capacity    Capacity 

     Y-Y              -44.422     -44.422     130.411     130.411     130.411     130.411 

     Z-Z                7.949       7.949     130.411     130.411     130.411 

  

                      Section      Flange         Web     Epsilon       Alpha         Psi 



     Compactness      Class 3     Class 3     Class 1       0.924         0.6      -0.833 

  

                Curve AlphaLT LambdaBarLT       PhiLT       ChiLT          Iw         Mcr 

     LTB            d    0.76        0.14       0.487          1.          0.    6700.097 

  

     Factors      kw       C1          C2          C3 

                   1.   2.124       0.459       0.525 

                   za      zs          zg          zz          zj 

                0.125      0.       0.125          0.          0. 

  

     Factors  Cmy         Cmz        CmLT         kyy         kyz         kzy         kzz 

            0.423         0.4       0.423       0.462       0.437       0.369       0.437 

 

𝝓𝟑 = 𝟏. 𝟐𝟓𝟏







 
 EN 1993-1-1:2005/A1:2014 STEEL SECTION CHECK  (Flexural Details for Combo and Station) 

 Units  : KN, m, C 

  

 Frame :  Long_71  X Mid:  47.589    Combo:  ELU-Qv2.04-A-WY-Design Type:  Beam                  

 Length:  6.351    Y Mid:  8.303     Shape:  HE280A          Frame Type:  Secndry             

 Loc   :  3.629    Z Mid:  -0.079    Class:  Class 3         Rolled : Yes                      

  

 Country = Portugal - NP EN 1993-1-1/NA:2009-03          

 Combination = Eq. 6.10              Reliability = Class 2                 Interaction = Method 

2 (Annex B)     

 MultiResponse = Envelopes           P-Delta Done? No                      Consider Torsion? No                 

 Ignore Seismic Code?  No            Ignore Special EQ Load?  No           D/P Plug Welded?  Yes                

  

 GammaM0=1.        GammaM1=1.        GammaM2=1.25       

 q=4.              Omega=1.          GammaOV=1.1        

 An/Ag=1.          RLLF=1.           PLLF=0.75         D/C Lim=0.95        Prin. Axis Angle = 0. 

deg            

  

 Aeff=0.01         Av,2=0.003        Av,3=0.008        eNy=0.              eNz=0.             

 A=0.01            Iy=1.367E-04      iy=0.119          Wel,y=0.001         Weff,y=0.001       

 It=6.350E-07      Iz=4.763E-05      iz=0.07           Wel,z=3.402E-04     Weff,z=3.402E-04   

 Iw=7.854E-07      Iyz=0.            h=0.27            Wpl,y=0.001          



 E=210000000.      fy=355000.        fu=510000.        Wpl,z=5.180E-04      

  

  

 STRESS CHECK FORCES & MOMENTS 

     Location             Ned       My,Ed       Mz,Ed       V2,Ed       V3,Ed         TEd 

     3.629            637.666     178.938       2.979      49.019       4.246       0.012 

  

 PMM DEMAND/CAPACITY RATIO   (Governing Equation EC3 6.2.1(7), 6.2.9.2(1)) 

     D/C Ratio:    0.707 = 0.185 + 0.498 + 0.025   <         0.95          OK 

                        = (NEd/NRd) + (My,Ed/My,Rd) + (Mz,Ed/Mz,Rd)       (EC3 6.2.1(7), 

6.2.9.2(1))   

  

 BASIC FACTORS 

     Buckling Mode   K Factor           L       Lcr/i 

     Y-Y                   1.       0.064       0.536 

     Y-Y Braced            1.       0.064       0.536 

     Z-Z                   1.       0.064       0.908 

     Z-Z Braced            1.       0.064       0.908 

     LTB                   1.       0.064       0.908 

  

 AXIAL FORCE DESIGN 

                          NEd       Nc,Rd       Nt,Rd 

                        Force    Capacity    Capacity 

     Axial            637.666     3454.15     3454.15 

  

                       Npl,Rd       Nu,Rd       Ncr,T      Ncr,TF       An/Ag 

                      3454.15    3572.856 21308098.31 21308098.31          1. 

  

                Curve   Alpha         Ncr   LambdaBar         Phi         Chi       Nb,Rd 

     Y-Y            b    0.34  70253647.9       0.007       0.467          1.     3454.15 

     Y-Y Braced     b    0.34  70253647.9       0.007       0.467          1.     3454.15 

     Z-Z            c    0.49 24478282.75       0.012       0.454          1.     3454.15 

     Z-Z Braced     c    0.49 24478282.75       0.012       0.454          1.     3454.15 

     Torsional TF   c    0.49 21308098.31       0.013       0.454          1.     3454.15 

  

 MOMENT DESIGN 

                          MEd    MEd,span       Mc,Rd       Mv,Rd       Mn,Rd       Mb,Rd 

                       Moment      Moment    Capacity    Capacity    Capacity    Capacity 

     Y-Y              178.938     178.938     359.471     359.471     335.327     359.471 

     Z-Z                2.979       2.979     120.776     120.776     120.776 

  

                      Section      Flange         Web     Epsilon       Alpha         Psi 

     Compactness      Class 3     Class 3     Class 1       0.814   1.000E-06      -1.369 

  

                Curve AlphaLT LambdaBarLT       PhiLT       ChiLT          Iw         Mcr 

     LTB            a    0.21       0.011        0.48          1.   7.854E-07 3207503.285 

  

     Factors      kw       C1          C2          C3 

                   1.    1.02          0.       0.996 

                   za      zs          zg          zz          zj 

                0.135      0.       0.135          0.          0. 

  

     Factors  Cmy         Cmz        CmLT         kyy         kyz         kzy         kzz 

            0.985       0.454       0.985       0.985       0.454          1.       0.454 



𝝓𝟑 = 𝟏. 𝟐𝟓𝟓

𝝓𝟑 = 𝟐. 𝟎𝟎𝟑







 
 EN 1993-1-1:2005/A1:2014 STEEL SECTION CHECK  (Flexural Details for Combo and Station) 

 Units  : KN, m, C 

  

 Frame :  CarA-E-05X Mid:  126.683   Combo:  ELU-Qv2.07-A-WY-Design Type:  Beam                  

 Length:  0.35     Y Mid:  11.205    Shape:  CarlAP_590      Frame Type:  Secndry             

 Loc   :  0.35     Z Mid:  -2.005    Class:  Class 3         Rolled : No                       

  

 Country = Portugal - NP EN 1993-1-1/NA:2009-03          

 Combination = Eq. 6.10              Reliability = Class 2                 Interaction = Method 

2 (Annex B)     

 MultiResponse = Envelopes           P-Delta Done? No                      Consider Torsion? No                 

 Ignore Seismic Code?  No            Ignore Special EQ Load?  No           D/P Plug Welded?  Yes                

  

 GammaM0=1.        GammaM1=1.        GammaM2=1.25       

 q=4.              Omega=1.          GammaOV=1.1        

 An/Ag=1.          RLLF=1.           PLLF=0.75         D/C Lim=0.95        Prin. Axis Angle = 0. 

deg            

  

 Aeff=0.079        Av,2=0.046        Av,3=0.032        eNy=0.              eNz=0.             

 A=0.079           Iy=0.004          iy=0.221          Wel,y=0.013         Weff,y=0.013       

 It=0.003          Iz=0.002          iz=0.17           Wel,z=0.007         Weff,z=0.007       

 Iw=0.             Iyz=0.            h=0.59            Wpl,y=0.016          

 E=210000000.      fy=355000.        fu=510000.        Wpl,z=0.011          

  

  

 STRESS CHECK FORCES & MOMENTS 

     Location             Ned       My,Ed       Mz,Ed       V2,Ed       V3,Ed         TEd 

     0.35            -107.768   -1851.209     134.154    6588.507     276.968      78.179 

  

 PMM DEMAND/CAPACITY RATIO   (Governing Equation EC3 6.2.1(7), 6.2.9.2(1)) 

     D/C Ratio:    0.534 = 0.004 + 0.48 + 0.051   <         0.95          OK 

                        = (NEd/NRd) + (My,Ed/My,Rd) + (Mz,Ed/Mz,Rd)       (EC3 6.2.1(7), 

6.2.9.2(1))   

  

 BASIC FACTORS 

     Buckling Mode   K Factor           L       Lcr/i 

     Y-Y                   1.        0.35       1.583 

     Y-Y Braced            1.        0.35       1.583 

     Z-Z                   1.        0.35       2.064 

     Z-Z Braced            1.        0.35       2.064 

     LTB                   1.        0.35       2.064 

  

 AXIAL FORCE DESIGN 

                          NEd       Nc,Rd       Nt,Rd 

                        Force    Capacity    Capacity 

     Axial           -107.768      28045.      28045. 

  

                       Npl,Rd       Nu,Rd       Ncr,T      Ncr,TF       An/Ag 

                       28045.     29008.8  3212936.74  3212936.74          1. 

  

                Curve   Alpha         Ncr   LambdaBar         Phi         Chi       Nb,Rd 

     Y-Y            c    0.49  65364034.7       0.021       0.456          1.      28045. 

     Y-Y Braced     c    0.49  65364034.7       0.021       0.456          1.      28045. 

     Z-Z            c    0.49   38443077.       0.027       0.458          1.      28045. 

     Z-Z Braced     c    0.49   38443077.       0.027       0.458          1.      28045. 

     Torsional TF   c    0.49  3212936.74       0.093       0.478          1.      28045. 

  

 MOMENT DESIGN 

                          MEd    MEd,span       Mc,Rd       Mv,Rd       Mn,Rd       Mb,Rd 

                       Moment      Moment    Capacity    Capacity    Capacity    Capacity 

     Y-Y            -1851.209   -1851.209    4650.739    3858.482    4650.739    4650.739 



     Z-Z              134.154     134.154    2645.595    2645.595    2645.595 

  

                      Section      Flange         Web     Epsilon       Alpha         Psi 

     Compactness      Class 3     Class 3     Class 3       0.814          1.      -0.992 

  

                Curve AlphaLT LambdaBarLT       PhiLT       ChiLT          Iw         Mcr 

     LTB            d    0.76       0.026       0.434          1.          0. 6924837.191 

  

     Factors      kw       C1          C2          C3 

                   1.   2.235          0.       0.852 

                   za      zs          zg          zz          zj 

                0.295      0.       0.295          0.          0. 

  

     Factors  Cmy         Cmz        CmLT         kyy         kyz         kzy         kzz 

            0.507       0.716       0.507       0.507       0.716          1.       0.716 

 
 EN 1993-1-1:2005/A1:2014 STEEL SECTION CHECK  (Flexural Details for Combo and Station) 

 Units  : KN, m, C 

  

 Frame :  CarA-C-03X Mid:  69.784    Combo:  EQK-T1_Transv   Design Type:  Beam                  

 Length:  7.7      Y Mid:  7.685     Shape:  PRS590x300/400x3Frame Type:  Secndry             

 Loc   :  0.79     Z Mid:  -0.386    Class:  Class 3         Rolled : No                       

  

 Country = Portugal - NP EN 1993-1-1/NA:2009-03          

 Combination = Eq. 6.10              Reliability = Class 2                 Interaction = Method 

2 (Annex B)     

 MultiResponse = Envelopes           P-Delta Done? No                      Consider Torsion? No                 

 Ignore Seismic Code?  No            Ignore Special EQ Load?  No           D/P Plug Welded?  Yes                

  

 GammaM0=1.        GammaM1=1.        GammaM2=1.25       

 q=4.              Omega=1.          GammaOV=1.1        

 An/Ag=1.          RLLF=1.           PLLF=0.75         D/C Lim=0.95        Prin. Axis Angle = 0. 

deg            

  

 Aeff=0.029        Av,2=0.01         Av,3=0.021        eNy=0.              eNz=0.             

 A=0.029           Iy=0.002          iy=0.249          Wel,y=0.006         Weff,y=0.006       

 It=6.670E-06      Iz=2.277E-04      iz=0.088          Wel,z=0.001         Weff,z=0.001       

 Iw=1.489E-05      Iyz=0.            h=0.59            Wpl,y=0.007          

 E=210000000.      fy=355000.        fu=510000.        Wpl,z=0.002          

  

  

 STRESS CHECK FORCES & MOMENTS 

     Location             Ned       My,Ed       Mz,Ed       V2,Ed       V3,Ed         TEd 

     0.79           -3814.669     573.336     -28.005     432.432       3.867          0. 

  

 PMM DEMAND/CAPACITY RATIO   (Governing Equation EC3 6.3.3(4)-6.61) 

     D/C Ratio:    0.731 = 0.394 + 0.271 + 0.066   <         0.95          OK 

                        = NEd/(Chi_y NRk/GammaM1) + kyy (My,Ed+NEd eNy)/(Chi_LT My,Rk/GammaM1) 

                            + kyz (Mz,Ed+NEd eNz)/(Mz,Rk/GammaM1)     (EC3 6.3.3(4)-6.61)   

  

 BASIC FACTORS 

     Buckling Mode   K Factor           L       Lcr/i 

     Y-Y                   1.         7.7      30.968 

     Y-Y Braced            1.         7.7      30.968 

     Z-Z                   1.        1.58      17.979 

     Z-Z Braced            1.        1.58      17.979 

     LTB                   1.        1.58      17.979 

  

 AXIAL FORCE DESIGN 

                          NEd       Nc,Rd       Nt,Rd 



                        Force    Capacity    Capacity 

     Axial          -3814.669     10465.4     10465.4 

  

                       Npl,Rd       Nu,Rd       Ncr,T      Ncr,TF       An/Ag 

                      10465.4   10825.056  167882.649  135432.527          1. 

  

                Curve   Alpha         Ncr   LambdaBar         Phi         Chi       Nb,Rd 

     Y-Y            b    0.34   63711.132       0.405       0.617       0.924    9669.688 

     Y-Y Braced     b    0.34   63711.132       0.405       0.617       0.924    9669.688 

     Z-Z            c    0.49  189027.208       0.235       0.536       0.982   10277.428 

     Z-Z Braced     c    0.49  189027.208       0.235       0.536       0.982   10277.428 

     Torsional TF   c    0.49  135432.527       0.278       0.558        0.96   10050.572 

  

 MOMENT DESIGN 

                          MEd    MEd,span       Mc,Rd       Mv,Rd       Mn,Rd       Mb,Rd 

                       Moment      Moment    Capacity    Capacity    Capacity    Capacity 

     Y-Y              134.109     573.336    2000.046    2000.046    1578.339    2000.046 

     Z-Z              -24.721     -28.005     404.134     404.134     404.134 

  

                      Section      Flange         Web     Epsilon       Alpha         Psi 

     Compactness      Class 3     Class 1     Class 3       0.814          1.      -0.271 

  

                Curve AlphaLT LambdaBarLT       PhiLT       ChiLT          Iw         Mcr 

     LTB            c    0.49       0.139       0.495          1.   1.489E-05  103696.338 

  

     Factors      kw       C1          C2          C3 

                   1.   2.711          0.       0.644 

                   za      zs          zg          zz          zj 

                0.323  -0.085       0.409       0.019      -0.105 

  

     Factors  Cmy         Cmz        CmLT         kyy         kyz         kzy         kzz 

            0.862       0.906         0.4       0.945       0.954       0.971       0.954  

 
 EN 1993-1-1:2005/A1:2014 STEEL SECTION CHECK  (Flexural Details for Combo and Station) 

 Units  : KN, m, C 

  

 Frame :  Car-E-09 X Mid:  63.365    Combo:  ELU-Qv2.09-A-WY-Design Type:  Beam                  

 Length:  0.8      Y Mid:  11.774    Shape:  PRS590x585x30x20Frame Type:  Secndry             

 Loc   :  0.       Z Mid:  -0.287    Class:  Class 3         Rolled : No                       

  

 Country = Portugal - NP EN 1993-1-1/NA:2009-03          

 Combination = Eq. 6.10              Reliability = Class 2                 Interaction = Method 

2 (Annex B)     

 MultiResponse = Envelopes           P-Delta Done? No                      Consider Torsion? No                 

 Ignore Seismic Code?  No            Ignore Special EQ Load?  No           D/P Plug Welded?  Yes                

  

 GammaM0=1.        GammaM1=1.        GammaM2=1.25       

 q=4.              Omega=1.          GammaOV=1.1        

 An/Ag=1.          RLLF=1.           PLLF=0.75         D/C Lim=0.95        Prin. Axis Angle = 0. 

deg            

  

 Aeff=0.046        Av,2=0.013        Av,3=0.035        eNy=0.              eNz=0.             

 A=0.046           Iy=0.003          iy=0.256          Wel,y=0.01          Weff,y=0.01        

 It=1.157E-05      Iz=0.001          iz=0.148          Wel,z=0.003         Weff,z=0.003       

 Iw=7.848E-05      Iyz=0.            h=0.59            Wpl,y=0.011          

 E=210000000.      fy=355000.        fu=510000.        Wpl,z=0.005          

  

  

 STRESS CHECK FORCES & MOMENTS 

     Location             Ned       My,Ed       Mz,Ed       V2,Ed       V3,Ed         TEd 



     0.               167.461    -765.309     331.696     910.576     560.511      10.273 

  

 PMM DEMAND/CAPACITY RATIO   (Governing Equation EC3 6.2.1(7), 6.2.9.2(1)) 

     D/C Ratio:    0.495 = 0.01 + 0.212 + 0.273   <         0.95          OK 

                        = (NEd/NRd) + (My,Ed/My,Rd) + (Mz,Ed/Mz,Rd)       (EC3 6.2.1(7), 

6.2.9.2(1))   

  

 BASIC FACTORS 

     Buckling Mode   K Factor           L       Lcr/i 

     Y-Y                   1.         0.8       3.121 

     Y-Y Braced            1.         0.8       3.121 

     Z-Z                   1.        0.35       2.365 

     Z-Z Braced            1.        0.35       2.365 

     LTB                   1.        0.35       2.365 

  

 AXIAL FORCE DESIGN 

                          NEd       Nc,Rd       Nt,Rd 

                        Force    Capacity    Capacity 

     Axial            167.461     16223.5     16223.5 

  

                       Npl,Rd       Nu,Rd       Ncr,T      Ncr,TF       An/Ag 

                      16223.5    16781.04 15163866.91 15163866.91          1. 

  

                Curve   Alpha         Ncr   LambdaBar         Phi         Chi       Nb,Rd 

     Y-Y            b    0.34 9724776.202       0.041       0.474          1.     16223.5 

     Y-Y Braced     b    0.34 9724776.202       0.041       0.474          1.     16223.5 

     Z-Z            c    0.49 16940076.84       0.031       0.459          1.     16223.5 

     Z-Z Braced     c    0.49 16940076.84       0.031       0.459          1.     16223.5 

     Torsional TF   c    0.49 15163866.91       0.033        0.46          1.     16223.5 

  

 MOMENT DESIGN 

                          MEd    MEd,span       Mc,Rd       Mv,Rd       Mn,Rd       Mb,Rd 

                       Moment      Moment    Capacity    Capacity    Capacity    Capacity 

     Y-Y             -765.309    -765.309    3613.299    3613.299    3613.299    3613.299 

     Z-Z              331.696     331.696    1215.328    1215.328    1215.328 

  

                      Section      Flange         Web     Epsilon       Alpha         Psi 

     Compactness      Class 3     Class 3     Class 1       0.814       0.478      -1.021 

  

                Curve AlphaLT LambdaBarLT       PhiLT       ChiLT          Iw         Mcr 

     LTB            c    0.49       0.024       0.457          1.   7.848E-05 6215134.197 

  

     Factors      kw       C1          C2          C3 

                   1.    1.31          0.       0.994 

                   za      zs          zg          zz          zj 

                0.295      0.       0.295          0.          0. 

  

     Factors  Cmy         Cmz        CmLT         kyy         kyz         kzy         kzz 

              0.4       0.686       0.805         0.4       0.686          1.       0.686  

 
 EN 1993-1-1:2005/A1:2014 STEEL SECTION CHECK  (Flexural Details for Combo and Station) 

 Units  : KN, m, C 

  

 Frame :  Car-C-06 X Mid:  44.471    Combo:  ELU-Qv2.04-A-WY-Design Type:  Beam                  

 Length:  7.7      Y Mid:  6.903     Shape:  HE600A          Frame Type:  Secndry             

 Loc   :  3.85     Z Mid:  -0.068    Class:  Class 1         Rolled : Yes                      

  

 Country = Portugal - NP EN 1993-1-1/NA:2009-03          

 Combination = Eq. 6.10              Reliability = Class 2                 Interaction = Method 

2 (Annex B)     



 MultiResponse = Envelopes           P-Delta Done? No                      Consider Torsion? No                 

 Ignore Seismic Code?  No            Ignore Special EQ Load?  No           D/P Plug Welded?  Yes                

  

 GammaM0=1.        GammaM1=1.        GammaM2=1.25       

 q=4.              Omega=1.          GammaOV=1.1        

 An/Ag=1.          RLLF=1.           PLLF=0.75         D/C Lim=0.95        Prin. Axis Angle = 0. 

deg            

  

 Aeff=0.023        Av,2=0.009        Av,3=0.016        eNy=0.              eNz=0.             

 A=0.023           Iy=0.001          iy=0.25           Wel,y=0.005         Weff,y=0.005       

 It=4.070E-06      Iz=1.127E-04      iz=0.071          Wel,z=7.513E-04     Weff,z=7.513E-04   

 Iw=8.978E-06      Iyz=0.            h=0.59            Wpl,y=0.005          

 E=210000000.      fy=355000.        fu=510000.        Wpl,z=0.001          

  

  

 STRESS CHECK FORCES & MOMENTS 

     Location             Ned       My,Ed       Mz,Ed       V2,Ed       V3,Ed         TEd 

     3.85            2908.453    1293.825       0.939      10.685       0.106       0.309 

  

 PMM DEMAND/CAPACITY RATIO   (Governing Equation EC3 6.2.9.1(6y)) 

     D/C Ratio:    0.889 = 0.889   <         0.95          OK 

                        = (My,Ed/Mn,y,Rd)       (EC3 6.2.9.1(6y))   

  

 BASIC FACTORS 

     Buckling Mode   K Factor           L       Lcr/i 

     Y-Y                   1.         7.7      30.804 

     Y-Y Braced            1.         7.7      30.804 

     Z-Z                   1.        1.52      21.523 

     Z-Z Braced            1.        1.52      21.523 

     LTB                   1.        1.52      21.523 

  

 AXIAL FORCE DESIGN 

                          NEd       Nc,Rd       Nt,Rd 

                        Force    Capacity    Capacity 

     Axial           2908.453       8023.       8023. 

  

                       Npl,Rd       Nu,Rd       Ncr,T      Ncr,TF       An/Ag 

                        8023.     8298.72  124270.293  124270.248          1. 

  

                Curve   Alpha         Ncr   LambdaBar         Phi         Chi       Nb,Rd 

     Y-Y            a    0.21   49363.967       0.403       0.603       0.952    7637.538 

     Y-Y Braced     a    0.21   49363.967       0.403       0.603       0.952    7637.538 

     Z-Z            b    0.34  101112.786       0.282       0.554       0.971    7788.631 

     Z-Z Braced     b    0.34  101112.786       0.282       0.554       0.971    7788.631 

     Torsional TF   b    0.34  124270.248       0.254       0.541       0.981    7868.516 

  

 MOMENT DESIGN 

                          MEd    MEd,span       Mc,Rd       Mv,Rd       Mn,Rd       Mb,Rd 

                       Moment      Moment    Capacity    Capacity    Capacity    Capacity 

     Y-Y             1293.825    1297.985     1899.25     1899.25    1455.469    1876.322 

     Z-Z                0.939       1.899      410.38      410.38     409.739 

  

                      Section      Flange         Web     Epsilon       Alpha         Psi 

     Compactness      Class 1     Class 1     Class 1       0.814   1.000E-06      -1.725 

  

                Curve AlphaLT LambdaBarLT       PhiLT       ChiLT          Iw         Mcr 

     LTB            a    0.21       0.254       0.538       0.988   8.978E-06   29330.833 

  

     Factors      kw       C1          C2          C3 

                   1.   1.007          0.       0.995 

                   za      zs          zg          zz          zj 

                0.295 5.6E-17       0.295          0.   5.551E-17 

  

     Factors  Cmy         Cmz        CmLT         kyy         kyz         kzy         kzz 

            0.906       0.934       0.995       0.906       0.561       0.882       0.934  

 







Eurocode 2-2004 COLUMN SECTION DESIGN  Type: DC LOW MRF  Units: KN, m, C  (Flexural Details) 

  

 L=6.816          

 Element     : 1198                B=1.5           D=1.4           dc=0.03          

 Section ID  : P5                  Ec=35000000.    fck,cyl=40000.  fcd=26666.667   fctd=1637.45     

 Combo ID    : EQK-T1_Long_NL      fyk=500000.     fywk=500000.    Lt.Wt. Fac.=1.                             

 Station Loc : 3.408               RLLF=1.         SOM:  Nominal Curvature    

 Combo Eq.   : Eq. 6.10             

                                   Section is nonprismatic.   

  

 Gamma(Concrete):  1.5              AlphaCC = 1.    AlphaCT = 1.     

 Gamma(Steel)   :  1.15             AlphaLCC = 0.8  AlphaLCT = 0.8   

 Gamma(cE)      :  1.2              Alpha_e = 0.    phi_ef = 1.21    

  

 STABILITY CONDITION 

    Major Bending(M3)    Unbraced 

    Minor Bending(M2)    Unbraced 

  

 SLENDERNESS CHECK (governing permutation) 

                      Slenderness Slenderness      Column   Governing Slen. Ratio Slen. Ratio 

                            Ratio Limit Ratio   Condition Permutation   Section I   Section J 

    Major Bending(M3)      19.675      51.363       Short     Neg. M2      14.756      19.675 

    Minor Bending(M2)      19.675      51.363       Short     Neg. M2      13.117      19.675 

  

 IMPERFECTION MOMENTS 

                          theta_0     alpha_h     alpha_m     theta_i          L0      Eccen. 

    Major Bending(M3)       0.005       0.766          1.       0.004       6.816       0.013 

    Minor Bending(M2)       0.005       0.766          1.       0.004       6.816       0.013 

                          Mimp 

    Major Bending(M3)      41.474 

    Minor Bending(M2)      41.474 

 

 FIRST-ORDER MOMENTS (governing permutation) 

                            End I       End J     Section        Mimp         M02         M01 

                           Moment      Moment      Moment      Moment      Moment      Moment 

    Major Bending(M3)    2360.451      131.61    1370.505      41.474    2360.451      131.61 

    Minor Bending(M2)  -10980.586    -707.405   -5842.468      41.474   -11022.06     -748.88 

  

 EQUIVALENT AND SECOND-ORDER MOMENTS (governing permutation) 

                             M0Ed        Madd          Kr        KPhi        Beta           L 

                           Moment      Moment      Factor      Factor      Factor      Length 

    Major Bending(M3)    1468.915          0.          0.          0.          1.       6.816 

    Minor Bending(M2)   -6912.788          0.          0.          0.          1.       6.816 

  

 DESIGN DETAILS FOR ALL PERMUTATIONS CONSIDERED 

           Imperfection Direction        None     Pos. M3     Neg. M3     Pos. M2     Neg. M2 

          SECTION I 

    MAJOR BENDING(M3) 

      (Analysis)             Mana    1370.505    1370.505    1370.505    1370.505    1370.505 

      (Imperfection)         Mimp           0      41.474     -41.474           0           0 

                Mai = Mana + Mimp         N/A     1411.98    1329.031    1370.505    1370.505 

      (Smaller End Moment)    M01         N/A     173.084      90.136      131.61      131.61 

      (Larger End Moment)     M02         N/A    2401.926    2318.977    2360.451    2360.451 

      (Equivalent)           M0Ed         N/A    1510.389     1427.44    1468.915    1468.915 

      (Slenderness Limit)       A         N/A       0.805       0.805       0.805       0.805 

      (Slenderness Limit)       B         N/A        1.24        1.24        1.24        1.24 

      (Slenderness Limit)       C         N/A         0.7         0.7         0.7         0.7 

      (Slenderness Limit)      rm         N/A          1.          1.          1.          1. 

      (Slenderness Limit)   omega         N/A       0.269       0.269       0.269       0.269 

      (Slenderness Limit)       n         N/A       0.041       0.041       0.041       0.041 

      (Slenderness Limit)   Ratio         N/A      68.707      68.707      68.707      68.707 

                Slenderness Ratio         N/A      14.756      14.756      14.756      14.756 

                Slenderness Check         N/A       Short       Short       Short       Short 

                 Mx = Mai or M0Ed         N/A     1411.98    1329.031    1370.505    1370.505 

                               Kr         N/A         N/A         N/A         N/A         N/A 

                             KPhi         N/A         N/A         N/A         N/A         N/A 

      (2nd-Order Moment)     Madd         N/A          0.          0.          0.          0. 

                      M0Ed + Madd         N/A         N/A         N/A         N/A         N/A 

      (Minimum)              Mmin         N/A     169.455     169.455     169.455     169.455 

             M3des1 = Mai or Mmin         N/A     1411.98    1329.031    1370.505    1370.505 

      (Neg. Moment Capacity) MRd-  -15373.328  -15373.328  -15373.328  -15373.328  -15373.328 

      (Pos. Moment Capacity) MRd+   15373.328   15373.328   15373.328   15373.328   15373.328 

  

    MINOR BENDING(M2) 



                             Mana   -5842.468   -5842.468   -5842.468   -5842.468   -5842.468 

                             Mimp           0           0           0      41.474     -41.474 

                Mai = Mana + Mimp         N/A   -5842.468   -5842.468   -5800.994   -5883.943 

                              M01         N/A    -707.405    -707.405    -665.931     -748.88 

                              M02         N/A  -10980.586  -10980.586  -10939.111   -11022.06 

                             M0Ed         N/A   -6871.314   -6871.314   -6829.839   -6912.788 

                                A         N/A       0.805       0.805       0.805       0.805 

                                B         N/A        1.24        1.24        1.24        1.24 

                                C         N/A         0.7         0.7         0.7         0.7 

                               rm         N/A          1.          1.          1.          1. 

                            omega         N/A       0.269       0.269       0.269       0.269 

                                n         N/A       0.041       0.041       0.041       0.041 

          Slenderness Limit Ratio         N/A      68.707      68.707      68.707      68.707 

                Slenderness Ratio         N/A      13.117      13.117      13.117      13.117 

                Slenderness Check         N/A       Short       Short       Short       Short 

                 Mx = Mai or M0Ed         N/A   -5842.468   -5842.468   -5800.994   -5883.943 

                               Kr         N/A         N/A         N/A         N/A         N/A 

                             KPhi         N/A         N/A         N/A         N/A         N/A 

                             Madd         N/A          0.          0.          0.          0. 

                      M0Ed + Madd         N/A         N/A         N/A         N/A         N/A 

                             Mmin         N/A     190.636     190.636     190.636     190.636 

             M2des1 = Mai or Mmin         N/A   -5842.468   -5842.468   -5800.994   -5883.943 

                             MRd-   -16670.08   -16670.08   -16670.08   -16670.08   -16670.08 

                             MRd+    16670.08    16670.08    16670.08    16670.08    16670.08 

    DEMAND/CAPACITY PMM RATIO 

       (M3des1, M2des1) PMM Ratio       0.302       0.303       0.301       0.299       0.305 

     (M3des1, M2des1) PMM Governs          No          No          No          No          No 

  

          SECTION J 

    MAJOR BENDING(M3) 

                             Mana    1370.505    1370.505    1370.505    1370.505    1370.505 

                             Mimp           0      41.474     -41.474           0           0 

                Mai = Mana + Mimp         N/A     1411.98    1329.031    1370.505    1370.505 

                              M01         N/A     173.084      90.136      131.61      131.61 

                              M02         N/A    2401.926    2318.977    2360.451    2360.451 

                             M0Ed         N/A    1510.389     1427.44    1468.915    1468.915 

                                A         N/A       0.805       0.805       0.805       0.805 

                                B         N/A       1.311       1.311       1.311       1.311 

                                C         N/A         0.7         0.7         0.7         0.7 

                               rm         N/A          1.          1.          1.          1. 

                            omega         N/A       0.359       0.359       0.359       0.359 

                                n         N/A       0.083       0.083       0.083       0.083 

          Slenderness Limit Ratio         N/A      51.363      51.363      51.363      51.363 

                Slenderness Ratio         N/A      19.675      19.675      19.675      19.675 

                Slenderness Check         N/A       Short       Short       Short       Short 

                 Mx = Mai or M0Ed         N/A     1411.98    1329.031    1370.505    1370.505 

                               Kr         N/A         N/A         N/A         N/A         N/A 

                             KPhi         N/A         N/A         N/A         N/A         N/A 

                             Madd         N/A          0.          0.          0.          0. 

                      M0Ed + Madd         N/A         N/A         N/A         N/A         N/A 

                             Mmin         N/A     127.091     127.091     127.091     127.091 

             M3des1 = Mai or Mmin         N/A     1411.98    1329.031    1370.505    1370.505 

                             MRd-   -8346.969   -8346.969   -8346.969   -8346.969   -8346.969 

                             MRd+    8346.969    8346.969    8346.969    8346.969    8346.969 

  

    MINOR BENDING(M2) 

                             Mana   -5842.468   -5842.468   -5842.468   -5842.468   -5842.468 

                             Mimp           0           0           0      41.474     -41.474 

                Mai = Mana + Mimp         N/A   -5842.468   -5842.468   -5800.994   -5883.943 

                              M01         N/A    -707.405    -707.405    -665.931     -748.88 

                              M02         N/A  -10980.586  -10980.586  -10939.111   -11022.06 

                             M0Ed         N/A   -6871.314   -6871.314   -6829.839   -6912.788 

                                A         N/A       0.805       0.805       0.805       0.805 

                                B         N/A       1.311       1.311       1.311       1.311 

                                C         N/A         0.7         0.7         0.7         0.7 

                               rm         N/A          1.          1.          1.          1. 

                            omega         N/A       0.359       0.359       0.359       0.359 

                                n         N/A       0.083       0.083       0.083       0.083 

          Slenderness Limit Ratio         N/A      51.363      51.363      51.363      51.363 

                Slenderness Ratio         N/A      19.675      19.675      19.675      19.675 

                Slenderness Check         N/A       Short       Short       Short       Short 

                 Mx = Mai or M0Ed         N/A   -5842.468   -5842.468   -5800.994   -5883.943 

                               Kr         N/A         N/A         N/A         N/A         N/A 

                             KPhi         N/A         N/A         N/A         N/A         N/A 

                             Madd         N/A          0.          0.          0.          0. 

                      M0Ed + Madd         N/A         N/A         N/A         N/A         N/A 



                             Mmin         N/A     127.091     127.091     127.091     127.091 

             M2des1 = Mai or Mmin         N/A   -5842.468   -5842.468   -5800.994   -5883.943 

                             MRd-   -7810.639   -7810.639   -7810.639   -7810.639   -7810.639 

                             MRd+    7810.639    7810.639    7810.639    7810.639    7810.639 

    DEMAND/CAPACITY PMM RATIO 

       (M3des1, M2des1) PMM Ratio       0.758       0.759       0.758       0.752       0.765 

     (M3des1, M2des1) PMM Governs          No          No          No          No         Yes 

  

 AXIAL COMPRESSION RATIO 

                        Conc.Capa   CompRatio   CompRatio     Seismic   CompCheck       Ratio 

                            A*fcd Ned/(A*fcd)       Limit       Load?     Needed?         OK? 

                           38400.       0.128        0.55         Yes          No         Yes 

  

Eurocode 2-2004 COLUMN SECTION DESIGN  Type: DC LOW MRF  Units: KN, m, C  (Flexural Details) 

  

 L=4.3            

 Element     : 1194                B=1.2           D=0.5           dc=0.            

 Section ID  : P5v_1.20x0.50_SD-1  Ec=35000000.    fck,cyl=40000.  fcd=26666.667   fctd=1637.45     

 Combo ID    : EQK-T1_Transv       fyk=500000.     fywk=500000.    Lt.Wt. Fac.=1.                             

 Station Loc : 4.3                 RLLF=1.         SOM:  Nominal Curvature    

 Combo Eq.   : Eq. 6.10             

  

 Gamma(Concrete):  1.5              AlphaCC = 1.    AlphaCT = 1.     

 Gamma(Steel)   :  1.15             AlphaLCC = 0.8  AlphaLCT = 0.8   

 Gamma(cE)      :  1.2              Alpha_e = 0.    phi_ef = 1.21    

  

 STABILITY CONDITION 

    Major Bending(M3)    Unbraced 

    Minor Bending(M2)    Unbraced 

  

 SLENDERNESS CHECK (governing permutation) 

                      Slenderness Slenderness      Column   Governing 

                            Ratio Limit Ratio   Condition Permutation 

    Major Bending(M3)      59.583      73.544         N/A         N/A 

    Minor Bending(M2)      24.826      73.544         N/A         N/A 

  

 IMPERFECTION MOMENTS 

                          theta_0     alpha_h     alpha_m     theta_i          L0      Eccen. 

    Major Bending(M3)       0.005       0.682          1.       0.003         8.6       0.015 

    Minor Bending(M2)       0.005       0.682          1.       0.003         8.6       0.015 

                          Mimp 

    Major Bending(M3)       8.453 

    Minor Bending(M2)       8.453 

 

 FIRST-ORDER MOMENTS (governing permutation) 

                            End I       End J     Section        Mimp         M02         M01 

                           Moment      Moment      Moment      Moment      Moment      Moment 

    Major Bending(M3)      41.016     -806.42     -806.42       8.453    -814.872      32.563 

    Minor Bending(M2)      36.389      26.175      26.175       8.453      36.389      26.175 

  

 DESIGN DETAILS FOR ALL PERMUTATIONS CONSIDERED 

           Imperfection Direction        None     Pos. M3     Neg. M3     Pos. M2     Neg. M2 

    MAJOR BENDING(M3) 

      (Analysis)             Mana     -806.42     -806.42     -806.42     -806.42     -806.42 

      (Imperfection)         Mimp           0       8.453      -8.453           0           0 

                Mai = Mana + Mimp         N/A    -797.967    -814.872     -806.42     -806.42 

      (Minimum)              Mmin         N/A      11.529      11.529      11.529      11.529 

             M3des1 = Mai or Mmin         N/A    -797.967    -814.872     -806.42     -806.42 

      (Neg. Moment Capacity) MRd-    -918.327    -918.327    -918.327    -918.327    -918.327 

      (Pos. Moment Capacity) MRd+     918.327     918.327     918.327     918.327     918.327 

  

    MINOR BENDING(M2) 

                             Mana      26.175      26.175      26.175      26.175      26.175 

                             Mimp           0           0           0       8.453      -8.453 

                Mai = Mana + Mimp         N/A      26.175      26.175      34.628      17.722 

                             Mmin         N/A      23.059      23.059      23.059      23.059 

             M2des1 = Mai or Mmin         N/A      26.175      26.175      34.628      23.059 

                             MRd-   -2340.775   -2340.775   -2340.775   -2340.775   -2340.775 

                             MRd+    2340.775    2340.775    2340.775    2340.775    2340.775 

    DEMAND/CAPACITY PMM RATIO 

       (M3des1, M2des1) PMM Ratio       0.872       0.862       0.882       0.873       0.871 

     (M3des1, M2des1) PMM Governs          No          No         Yes          No          No 



  

 AXIAL COMPRESSION RATIO 

                        Conc.Capa   CompRatio   CompRatio     Seismic   CompCheck       Ratio 

                            A*fcd Ned/(A*fcd)       Limit       Load?     Needed?         OK? 

                           16000.       0.268        0.55         Yes          No         Yes 



b 1.20 m Nrara 2239 kN 
h 0.50 m Mrara 122 kNm 
A 0.600 m²  3.73 MPa 
W 0.050 m³ M 2.44 MPa 

Fp,mín 3,704 kN Máx 6.17 MPa 

∑
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Vãos 1, 2 e 3 

Vãos 4 e 5 

  Φ



 

Φ 𝑛0,𝑚𝑖𝑛 = 2.39ℎ𝑧 𝑛0,𝑚𝑖𝑛 = 5.26ℎ𝑧
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1 OBJETIVO E ÂMBITO 
O presente documento diz respeito ao desenvolvimento, ao nível de Projeto de Execução, da 
Nota de Cálculo das soluções de estruturas provisórias e definitivas, nomeadamente muros de 
contenção e fundações, do Viaduto de Alcântara, no âmbito do Prolongamento da Linha 
Vermelha entre S. Sebastião e Alcântara, que é parte integrante do Tomo IV – Viaduto do 
Volume 1 – Viaduto de Alcântara. 
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2 SISTEMAS DE UNIDADES 
O sistema de unidades utilizado na elaboração do Projeto é o Sistema Internacional de Unidades 
(SI). As principais unidades utilizadas são as seguintes: 

• Comprimento: metro (m).  

• Força: quilonewton (kN).  

• Momento: quilonewton metro (kN.m).  

• Tensão no terreno: quilonewton por metro quadrado (kN/m2) ou quilopascais (kPa).  

• Tensão nos elementos estruturais: newton por milímetro quadrado (N/mm2) ou 

megapascais (MPa).  

• Peso específico: quilonewton por metro cúbico (kN/m3). 
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3 REGULAMENTAÇÃO/NORMATIVA E BIBLIOGRAFIA TÉCNICA  
A regulamentação e a bibliografia técnica adotadas são as apresentadas abaixo: 

▪ NP EN 1990 – Bases para projetos de estruturas (EC0);  

▪ NP EN 1991 – Bases de projeto e ações em estruturas (EC1);  

▪ NP EN 1992 – Projeto de Estruturas de Betão (EC2);  

▪ NP EN 1993 – Projeto de Estruturas de Aço (EC3);  

▪ NP EN 1994 – Projeto de Estruturas mistas Aço-Betão (EC4);  

▪ NP EN 1997 – Projeto Geotécnico (EC7);  

▪ NP EN 1998 – Projeto de Estruturas para Resistência aos Sismos (EC8);  

▪ fib Model Code 2010 for Concrete Structures; 

▪ Normas de Projeto de estruturas do Metropolitano de Lisboa.  

 

Serão ainda consideradas as seguintes normas de execução: 

▪ NP EN 206:2013+A1:2017 – Betão: Especificação, desempenho, produção e conformidade;  

▪ NP EN 13670-1 - Execução de estruturas de betão. Parte 1: Regras Gerais; 

▪ NP EN 1536 - Execução de obras geotécnicas especiais – Estacas Moldadas 

▪ NP EN 14199 - Execução de obras geotécnicas especiais- Microestacas 

▪ NP EN 1537 - Execução de obras geotécnicas especiais: Ancoragens; 

▪ EN ISO 22447-5 – Geotechnical investigation and testing - Testing of geotechnical 

structures - Part 5: Testing of grouted anchors; 

▪ NP EN 197-1 - Cimento. Parte 1: Composição, especificações e critérios de conformidade 

para cimentos correntes; 

▪ NP EN 197-2 - Cimento. Parte 2: Avaliação de conformidade; 

▪ NP EN 13251 - Geotêxteis e produtos relacionados. Características requeridas para a 

utilização em obras de terraplenagem, fundações e estruturas de suporte; 

▪ NP EN 13256 - Geotêxteis e produtos relacionados. Características requeridas para a 

construção de túneis e obras subterrâneas; 

▪ NP EN 14487-1 - Betão projetado. Parte 1: Definições, especificações e conformidade; 

▪ NP EN 14487-2 - Betão projetado. Parte 2: Execução; 
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▪ NP EN 14889-1 - Fibras para betão - Parte 1: Fibras de aço - Definições, especificações e 

conformidade; 

▪ NP EN 14488-5 -Ensaios do betão projetado - Parte 5: Determinação da capacidade de 

absorção de energia de provetes de lajes reforçadas com fibras; 

▪ NP EN 445 - Caldas de injeção para armaduras de pré-esforço. Métodos de ensaio; 

▪ NP EN 446 - Caldas de injeção para armaduras de pré-esforço. Procedimentos para injeção; 

▪ NP EN 447 - Caldas de injeção para armaduras de pré-esforço. Especificações para caldas 

correntes. 
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4 MODELOS DE CÁLCULO 

4.1 Fundações Indiretas 

No dimensionamento estrutural e geotécnico dos diversos elementos de fundação a análise 
estrutural foi realizada com base em modelos tridimensionais elasto-plásticos com recurso ao 
programa Geo5. 

Com base nos modelos realizados obtiveram-se os esforços para se realizar as verificações de 
segurança dos elementos estruturais em relação aos estados limites últimos de rotura e aos 
estados limites de utilização. Os esforços resistentes foram, em geral, determinados a partir de 
folhas de cálculo ou, em alternativa, a partir de programas de cálculo automático. 

 

Figura 1 – Modelo de calculo da fundação do pilar P5 (Geo5) 

A resistência vertical das estacas foi estimada com base no Método das Tensões Efetivas: 

O método da tensão efetiva permite calcular a capacidade de suporte vertical de uma estaca 
isolada, tanto em solos coesivos como em solos não coesivos. Este método é apropriado para 
condições drenadas - isto é, condições que prevaleçam após tempo suficiente desde a 
construção. 

A resistência do fuste da estaca é dada por: 
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onde: qs, j  - resistência do poço na jésima camada 

  βp,j  - coeficientes de Bjerrum e Burland na jésima camada 

  σ0, j  - tensão efetiva média devido à formação geológica atuante ao longo 
da estaca na jésima camada 

  Asj  - área do poço da estaca na jésima camada 

A resistência da base da estaca é dada por: 

 

 

onde: qp  - resistência unitária na base da estaca 

  Ab  - área da base da estaca 

  Np  - coeficiente de resistência da base da estaca (de Fellenius) 

  σp  - tensão efetiva devido à formação geológica atuante na base da estaca 

 

O assentamento e rotações do grupo de estacas foi estimado de acordo com o indicado abaixo: 

A análise de um grupo de estacas num solo não coesivo é desenvolvida com base na teoria linear 
de assentamento (Poulos). A curva carga-assentamento para um grupo de estacas e o valor do 
assentamento total sg são aumentados pelo fator de assentamento do grupo gf. 

O assentamento imediato do gripo de estacas, aumentado pelo fator de assentamento do 
grupo, é dado por: 

 

  
onde: sg - assentamento do grupo de estacas 

  gf - fator de assentamento do grupo em solo não coesivo 

(segundo Pile Buck Inc. 1992) 

  s0 - assentamento de uma estaca isolada (determinado, por ex., 

a partir da curva carga-assentamento) 

  d - diâmetro da estaca 

  bx - largura mínima do grupo de estacas 

 

A análise da curva carga-assentamento de uma estaca isolada ou de um grupo de estacas baseia-
se na solução descrita no livro Pile Foundations Analysis and Design (H. G. Poulos et. E. H. Davis, 
1980), de acordo com a teoria da elasticidade e modificações atribuídas a medições in situ. O 
solo de fundação é caracterizado pelo módulo de elasticidade E e pelo coeficiente de Poisson ν. 
Este método permite obter a curva carga-assentamento para fundações por estacas (estaca 
isolada, grupo de estacas). 

Os parâmetros base a introduzir para a análise são a capacidade de suporte da base da estaca 
Rbu e a capacidade de suporte da superfície da estaca Rsu. A capacidade de suporte última da 
fundação da estaca, e respetiva carga última, é dada pela equação Pu = Rsu + Rbu. Estes valores 
são obtidos pelo programa a partir da análise da capacidade de suporte vertical de estacas 
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isoladas ou grupos de estacas e dependem do método de análise selecionado. Todos os fatores 
parciais da análise são assumidos como 1.0, de forma a que a resistência resultante seja maior 
que a obtida a partir da análise da capacidade de suporte. 

 

Figura 2 – Construção da curva carga-assentamento da estaca de fundação de acordo com o 

método de Poulos 

 Para determinar a capacidade de Suporte Horizontal foram consideradas as curvas elásticas p-
y, sendo a Capacidade de suporte horizontal de uma estaca estimada do seguinte modo: 

A estaca carregada horizontalmente é analisada através do método dos elementos finitos, como 
uma viga assente em fundação elástica de Winkler. Os parâmetros do solo ao longo da estaca 
são representados pelo módulo de reação do subsolo. Por defeito, a estaca é subdividida em 30 
segmentos. Para cada segmento, o programa determina os valores do módulo de reação do 
subsolo, forças internas e deformação (deslocamentos).  

No geral, o módulo de reação do subsolo corresponde à rigidez da mola do modelo 

de Winkler. Este modelo descreve o assentamento de uma laje rígida em função da 

carga aplicada. A relação correspondente é traduzida pela seguinte fórmula: 

 
 
onde: p - carga atuante ao longo da interface laje-solo 

  k - rigidez da mola de Winkler 

  y - translação (deslocamento) da laje no subsolo 

 
Figura 3 – Definição do módulo de reação do subsolo 
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No presente caso, o módulo de reação do subsolo foi estimado de acordo com a proposta de 
Viesic: 

  
onde: Ep - módulo de elasticidade da estaca [MPa] 

  Ip - momento de inércia da estaca [m4] 

  Es - módulo de elasticidade do solo [MPa] 

  d - diâmetro do solo [m] 

  ν - coeficiente de Poisson [-] 

 

4.2 Contenções Provisórias  

Para o dimensionamento estrutural e geotécnico dos diversos elementos das contenções 
provisórias, foram realizados modelos bidimensionais com recurso ao programa Plaxis 2D. 

Com base nos modelos realizados obtiveram-se os esforços para se realizar as verificações de 
segurança dos elementos estruturais em relação aos estados limites últimos de rotura e aos 
estados limites de utilização. Os esforços resistentes foram, em geral, determinados a partir de 
folhas de cálculo ou, em alternativa, a partir de programas de cálculo automático. 

 

 

Figura 4 - Modelo bidirecional elaborado em Plaxis 2D 

Este modelo permitiu ainda avaliar os deslocamentos expectáveis no caneiro de Alcântara, 

face à execução das escavações provisórias para execução dos maciços de fundação. 
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5 CRITÉRIOS DE VERIFICAÇÃO DE SEGURANÇA 

5.1 Estado limite último  

A verificação da segurança aos estados limites últimos dos elementos de betão armado foi 
efetuada de acordo com as disposições da NP EN 1992-1. 

Para a verificação da segurança aos estados limites últimos de resistência dos elementos de 
betão armado foram considerados valores dos coeficientes parciais de segurança, relativos as 
ações e aos materiais. Foram realizadas as seguintes verificações de segurança, consideradas 
como condicionantes: 

• Estado limite último de resistência à flexão; 

• Estado limite último de resistência a flexão composta (quando relevante); 

• Estado limite último de resistência ao esforço transverso. 

Foi igualmente verificado o estado limite último de resistência do solo de fundação. 

A verificação da segurança em relação aos Estados Limite Últimos (ELU) foi realizada em termos 
de resistências, respeitando a condição, 

𝑆𝑑  ≤ 𝑆𝑟 

em que Sd é o valor de cálculo do esforço atuante e Sr é o valor de cálculo do esforço resistente. 

A verificação da segurança estrutural para a ação do fogo são considerados os seguintes 
critérios: 

1. Manter a função de suporte de carga em pelo menos durante 120 minutos; 

2. Limitação da propagação de fogo (chamas, gases quentes, excesso de calor). 

Estes critérios são cumpridos adotando-se as disposições prescritas no EN 1992 1-2, no qual são 
apresentados valores tabelados (capítulo 5) que indicam as dimensões mínimas para elementos 
estruturais bem como os recobrimentos mínimos das armaduras. 

No que se refere aos recobrimentos, os valores mínimos apresentados no quadro do capítulo 5 
da EN 1992 1-2 são em geral inferiores aos mínimos necessários para garantir os requisitos de 
durabilidade. Na Figura acima, estão representados os valores dos recobrimentos adotados para 
cada elemento estrutural com vista a garantir o requisito de durabilidade e de resistência ao 
fogo. 

5.2 Estado limite de serviço 

A verificação da segurança aos estados limites de utilização das estruturas de betão armado foi 
efetuada de acordo com as disposições da NP EN 1992-1. 

• Limitação das tensões de compressão no betão armado: 

• Controle da fendilhação para os elementos de betão armado: 

o Abertura de fendas: limitou-se a abertura de fendas a wk = 0,3 mm para a 

combinação quase-permanente. 
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o Garantiu-se a adoção de armaduras mínimas para os efeitos provocados por 

deformações impedidas de retração; 

o Garantiu-se a adoção de armadura de alma nas faces laterais em vigas com 

altura superior a 1m. 

• Controle da Deformação para os elementos de betão armado:  

o Limitação das flechas de lajes e vigas a l/250 para a combinação de ações quase 

permanente. 

o Limitação das flechas de elementos estruturais suscetíveis de danificar 

elementos adjacentes à estrutura, ou equipamentos a l/500 para a combinação 

de ações quase permanente. 

  


