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1. Calculation assumption 


1.1. Scope 


This report describes the calculations procedure and data considered in order to design the steel structure 


of the dump tanks, dosing tanks and buffer tank for the project BMW Dingolfing 


1.2. Reference documents 


1.2.1. Documents and specifications 


- guidelines for dump tanks:  


• 190214_Dump-tank-dimensioning_neu_BMW_Dglf_first_set.xls 


• 190329_Dump-tank-dimensioning_neu_BMW_Dglf.pdf 


• ECBA311L1_.pdf 


• ECBA321L1.pdf 


• 190329_Dump-tank-dimensioning_neu_BMW_Dglf.pdf 


• ECBA715new.pdf 


1.2.2. Drawings 


-3D models 


1.3. Calculations codes 


- Design of steel structure      EN 1993-1-1 


1.4. Materials 


- sheets         STEEL S235 


- profiles        STEEL S235    


- bolts         HV 10.9 DIN 691 
        


2. Loads 


2.1. Load cases 


In order to calculate the effect of each part of the structure, the loads applied to the numerical model have 
been divided into the following load cases: 


1.DL1 – self-weight of structure (automatically calculated on the model feature by software) 


2. LIQ – hydrostatic pressure: 10,5 kN/m3  in EC BA311 


LIQ – hydrostatic pressure: 10,0 kN/m3        in EC BA321 


LIQ – hydrostatic pressure: 10,5 kN/m3      in EC DS111A B L1 L2 


LIQ – hydrostatic pressure: 11,0 kN/m3      in EC BA715 


3. Platform – 1.5 kN/m2 (live load) and 0.25 kN/m ( barrier)     in EC BA311 
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3. Dump Tank EC BA321 


Structure - 3D view 


 


3.1 Main frame outside – I200 profile 
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Girder element 35 
---------------------------------------------------------------------------------------------------------------------------------------- 


CODE:    PN-EN 1993-1:2006/AC:2009,  Eurocode 3: Design of steel structures. 
ANALYSIS TYPE:   Member Verification 


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


CODE GROUP:        


MEMBER:   35  琥╟n POINT:   1 COORDINATE:   x = 0.50 L = 1.70 


m 


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


LOADS: 
Governing Load Case:   3 ULS  (1+2)*1.35 


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


MATERIAL: 
Steel  ( S235 )       fy = 235 MPa            


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


   SECTION PARAMETERS:  IPE 200 


h=20.0 cm gM0=1.00 gM1=1.00 


b=10.0 cm  Ay=19.58 cm2  Az=14.00 cm2  Ax=28.48 cm2  


tw=0.6 cm  Iy=1943.17 cm4  Iz=142.37 cm4  Ix=6.46 cm4  


tf=0.9 cm  Wply=220.66 cm3  Wplz=44.61 cm3  


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


INTERNAL FORCES AND CAPACITIES: 
N,Ed = -15.11 kN   My,Ed = -16.42 kN*m  Mz,Ed = -0.63 kN*m  Vy,Ed = -7.93 kN 


Nt,Rd = 669.38 kN  My,pl,Rd = 51.85 kN*m  Mz,pl,Rd = 10.48 kN*m Tau,y,max,Ed = -6 MPa 


  My,c,Rd = 51.85 kN*m  Mz,c,Rd = 10.48 kN*m Vz,Ed = 60.63 kN 


  MN,y,Rd = 51.85 kN*m  MN,z,Rd = 10.48 kN*m Tau,z,max,Ed = 61 MPa 


   Tt,Ed = 0.10 kN*m 


   Class of section = 1 


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


     LATERAL BUCKLING PARAMETERS:  
----------------------------------------------------------------------------------------------------------- ----------------------------- 


BUCKLING PARAMETERS: 


      About y axis:       About z axis:  
       
---------------------------------------------------------------------------------------------------------------------- ------------------ 
VERIFICATION FORMULAS:  
Section strength check: 


N,Ed/Nt,Rd = 0.02 < 1.00   (6.2.3.(1)) 


(My,Ed/MN,y,Rd)^ 2.00 + (Mz,Ed/MN,z,Rd)^1.00 = 0.16 < 1.00   (6.2.9.1.(6)) 


(Tau,y,max,Ed + Tau,ty,Ed)/(fy/(sqrt(3)*gM0)) = 0.15 < 1.00   (6.2.6-7) 


(Tau,z,max,Ed + Tau,tz,Ed)/(fy/(sqrt(3)*gM0)) = 0.52 < 1.00   (6.2.6-7) 


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


LIMIT DISPLACEMENTS 


   Deflections   


uy = 0.0 cm  <  uy max = L/250.00 = 1.4 cm Verified 


Governing Load Case:   4 SLS  (1+2)*1.00 


uz = 0.0 cm  <  uz max = L/250.00 = 1.4 cm Verified 


Governing Load Case:   4 SLS  (1+2)*1.00 


   Displacements  Not analyzed 


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


Section OK !!! 
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Middle Column element  28 
 


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


CODE:    PN-EN 1993-1:2006/AC:2009,  Eurocode 3: Design of steel structures. 
ANALYSIS TYPE:   Member Verification 


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


CODE GROUP:        


MEMBER:   28  Column_up_28 POINT:   1                                   COORDINATE:   x = 0.00 L = 0.00 m 


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


LOADS: 
Governing Load Case:   3 ULS  (1+2)*1.35 


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


MATERIAL: 
Steel  ( S235 )       fy = 235 MPa            


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


   SECTION PARAMETERS:  IPE 200 


h=20.0 cm gM0=1.00 gM1=1.00 


b=10.0 cm  Ay=19.58 cm2  Az=14.00 cm2  Ax=28.48 cm2  


tw=0.6 cm  Iy=1943.17 cm4  Iz=142.37 cm4  Ix=6.46 cm4  


tf=0.9 cm  Wply=220.66 cm3  Wplz=44.61 cm3  


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


INTERNAL FORCES AND CAPACITIES: 
N,Ed = 65.46 kN   My,Ed = -17.93 kN*m  Mz,Ed = -1.02 kN*m  Vy,Ed = -1.50 kN 


Nc,Rd = 669.38 kN  My,Ed,max = -17.93 kN*m  Mz,Ed,max = -1.02 kN*m


 Tau,y,max,Ed = -1 MPa 


Nb,Rd = 664.07 kN  My,c,Rd = 51.85 kN*m  Mz,c,Rd = 10.48 kN*m Vz,Ed = 29.16 kN 


  MN,y,Rd = 51.85 kN*m  MN,z,Rd = 10.48 kN*m Tau,z,max,Ed = 29 MPa 


   Tt,Ed = 0.02 kN*m 


   Class of section = 1 


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


     LATERAL BUCKLING PARAMETERS:  
------------------------------------------------------------------------------------------------------- --------------------------------- 


BUCKLING PARAMETERS: 


      About y axis:       About z axis: 
Ly = 3.66 m  Lam_y = 0.24      


Lcr,y = 1.83 m  Xy = 0.99      


Lamy = 22.16  kyy = 0.78    kyz = 0.50 


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


VERIFICATION FORMULAS:  
Section strength check: 


N,Ed/Nc,Rd = 0.10 < 1.00   (6.2.4.(1)) 


(My,Ed/MN,y,Rd)^ 2.00 + (Mz,Ed/MN,z,Rd)^1.00 = 0.22 < 1.00   (6.2.9.1.(6)) 


(Tau,y,max,Ed + Tau,ty,Ed)/(fy/(sqrt(3)*gM0)) = 0.03 < 1.00   (6.2.6-7) 


(Tau,z,max,Ed + Tau,tz,Ed)/(fy/(sqrt(3)*gM0)) = 0.23 < 1.00   (6.2.6-7) 


Global stability check of member: 


Lambda,y = 22.16 < Lambda,max = 250.00    STABLE 


N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.42 < 1.00   


(6.3.3.(4)) 


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


LIMIT DISPLACEMENTS 


   Deflections  Not analyzed 


   Displacements   


vx = 0.0 cm  <  vx max = L/150.00 = 2.4 cm Verified 


Governing Load Case:   4 SLS  (1+2)*1.00 


vy = 0.1 cm  <  vy max = L/150.00 = 2.4 cm Verified 


Governing Load Case:   4 SLS  (1+2)*1.00 


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


Section OK !!! 
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Column- Element 178 


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


CODE:    PN-EN 1993-1:2006/AC:2009,  Eurocode 3: Design of steel structures. 
ANALYSIS TYPE:   Member Verification 


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


CODE GROUP:        


MEMBER:   178  column_middle_178                    POINT:   2              COORDINATE:   x = 0.17 L = 0.06 m 


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


LOADS: 
Governing Load Case:   3 ULS  (1+2)*1.35 


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


MATERIAL: 
S 235  ( S 235 )       fy = 235 MPa            


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


   SECTION PARAMETERS:  TRON 76x5 


h=7.6 cm gM0=1.00 gM1=1.00 


  Ay=7.11 cm2  Az=7.11 cm2  Ax=11.17 cm2  


tw=0.5 cm  Iy=70.92 cm4  Iz=70.92 cm4  Ix=141.84 cm4  


  Wply=25.32 cm3  Wplz=25.32 cm3  


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


INTERNAL FORCES AND CAPACITIES: 
N,Ed = 62.91 kN   My,Ed = -0.01 kN*m  Mz,Ed = -0.04 kN*m  Vy,Ed = 0.68 kN 


Nc,Rd = 262.46 kN  My,Ed,max = -0.08 kN*m  Mz,Ed,max = -0.23 kN*m Tau,y,max,Ed = 1 MPa 


Nb,Rd = 252.86 kN  My,c,Rd = 5.95 kN*m  Mz,c,Rd = 5.95 kN*m Vz,Ed = -0.25 kN 


  MN,y,Rd = 5.42 kN*m  MN,z,Rd = 5.42 kN*m Tau,z,max,Ed = -0 MPa 


   Class of section = 1 


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


     LATERAL BUCKLING PARAMETERS:  
-------------------------------------------------------------------------------------------------------------------------------- -------- 


BUCKLING PARAMETERS: 


      About y axis:       About z axis: 
Ly = 0.34 m  Lam_y = 0.36  Lz = 0.34 m  Lam_z = 0.36  


Lcr,y = 0.85 m  Xy = 0.96  Lcr,z = 0.85 m  Xz = 0.96  


Lamy = 33.65  kzy = 0.54  Lamz = 33.65  kzz = 0.92 


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


VERIFICATION FORMULAS:  
Section strength check: 


N,Ed/Nc,Rd = 0.24 < 1.00   (6.2.4.(1)) 


(My,Ed/MN,y,Rd)^ 2.00 + (Mz,Ed/MN,z,Rd)^2.00 = 0.00 < 1.00   (6.2.9.1.(6)) 


Tau,y,max,Ed/(fy/(sqrt(3)*gM0)) = 0.01 < 1.00   (6.2.6.(4)) 


Tau,z,max,Ed/(fy/(sqrt(3)*gM0)) = 0.00 < 1.00   (6.2.6.(4)) 


Global stability check of member: 


Lambda,y = 33.65 < Lambda,max = 250.00          Lambda,z = 33.65 < Lambda,max = 250.00    STABLE 


N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.28 < 1.00   


(6.3.3.(4)) 


N,Ed/(Xz*N,Rk/gM1) + kzy*My,Ed,max/(XLT*My,Rk/gM1) + kzz*Mz,Ed,max/(Mz,Rk/gM1) = 0.29 < 1.00   


(6.3.3.(4)) 


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


LIMIT DISPLACEMENTS 


   Deflections  Not analyzed 


   Displacements   


vx = 0.0 cm  <  vx max = L/150.00 = 0.2 cm Verified 


Governing Load Case:   4 SLS  (1+2)*1.00 


vy = 0.0 cm  <  vy max = L/150.00 = 0.2 cm Verified 


Governing Load Case:   4 SLS  (1+2)*1.00 


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


Section OK !!! 
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3.2 Main frame – in the middle  


 


– I 240 profile 
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-I 200 profile 
 


 
 
Girder element 34 


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


CODE:    PN-EN 1993-1:2006/AC:2009,  Eurocode 3: Design of steel structures. 
ANALYSIS TYPE:   Member Verification 


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


CODE GROUP:        


MEMBER:   34  琥╟n POINT:   1 COORDINATE:   x = 0.03 L = 0.10 


m 


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


LOADS: 
Governing Load Case:   3 ULS  (1+2)*1.35 


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


MATERIAL: 
Steel  ( S235 )       fy = 235 MPa            


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


   SECTION PARAMETERS:  IPE 200 


h=20.0 cm gM0=1.00 gM1=1.00 


b=10.0 cm  Ay=19.58 cm2  Az=14.00 cm2  Ax=28.48 cm2  


tw=0.6 cm  Iy=1943.17 cm4  Iz=142.37 cm4  Ix=6.46 cm4  


tf=0.9 cm  Wply=220.66 cm3  Wplz=44.61 cm3  


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


INTERNAL FORCES AND CAPACITIES: 
N,Ed = -129.94 kN   My,Ed = -25.50 kN*m  Mz,Ed = -0.69 kN*m  Vy,Ed = -2.43 kN 


Nt,Rd = 669.38 kN  My,pl,Rd = 51.85 kN*m  Mz,pl,Rd = 10.48 kN*m Tau,y,max,Ed = -2 MPa 


  My,c,Rd = 51.85 kN*m  Mz,c,Rd = 10.48 kN*m Vz,Ed = 84.21 kN 


  MN,y,Rd = 51.85 kN*m  MN,z,Rd = 10.48 kN*m Tau,z,max,Ed = 85 MPa 


   Tt,Ed = 0.02 kN*m 
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   Class of section = 1 


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


     LATERAL BUCKLING PARAMETERS:  
---------------------------------------------------------------------------------------------------------------------------------------- 


BUCKLING PARAMETERS: 


      About y axis:       About z axis:  
       
---------------------------------------------------------------------------------------------------------------------------------------- 
VERIFICATION FORMULAS:  
Section strength check: 


N,Ed/Nt,Rd = 0.19 < 1.00   (6.2.3.(1)) 


(My,Ed/MN,y,Rd)^ 2.00 + (Mz,Ed/MN,z,Rd)^1.00 = 0.31 < 1.00   (6.2.9.1.(6)) 


(Tau,y,max,Ed + Tau,ty,Ed)/(fy/(sqrt(3)*gM0)) = 0.04 < 1.00   (6.2.6-7) 


(Tau,z,max,Ed + Tau,tz,Ed)/(fy/(sqrt(3)*gM0)) = 0.64 < 1.00   (6.2.6-7) 


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


LIMIT DISPLACEMENTS 


   Deflections   


uy = 0.0 cm  <  uy max = L/250.00 = 1.4 cm Verified 


Governing Load Case:   4 SLS  (1+2)*1.00 


uz = 0.0 cm  <  uz max = L/250.00 = 1.4 cm Verified 


Governing Load Case:   4 SLS  (1+2)*1.00 


   Displacements  Not analyzed 


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


Section OK !!! 


 


 


Girder element 33 
 
---------------------------------------------------------------------------------------------------------------------------------------- 


CODE:    PN-EN 1993-1:2006/AC:2009,  Eurocode 3: Design of steel structures. 
ANALYSIS TYPE:   Member Verification 


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


CODE GROUP:        


MEMBER:   33  琥╟n POINT:   7 COORDINATE:   x = 0.50 L = 1.70 


m 


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


LOADS: 
Governing Load Case:   3 ULS  (1+2)*1.35 


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


MATERIAL: 
Steel  ( S235 )       fy = 235 MPa            


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


   SECTION PARAMETERS:  IPE 200 


h=20.0 cm gM0=1.00 gM1=1.00 


b=10.0 cm  Ay=19.58 cm2  Az=14.00 cm2  Ax=28.48 cm2  


tw=0.6 cm  Iy=1943.17 cm4  Iz=142.37 cm4  Ix=6.46 cm4  


tf=0.9 cm  Wply=220.66 cm3  Wplz=44.61 cm3  


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


INTERNAL FORCES AND CAPACITIES: 
N,Ed = -17.61 kN   My,Ed = -16.56 kN*m  Mz,Ed = 0.68 kN*m  Vy,Ed = -8.04 kN 


Nt,Rd = 669.38 kN  My,pl,Rd = 51.85 kN*m  Mz,pl,Rd = 10.48 kN*m Tau,y,max,Ed = -6 MPa 


  My,c,Rd = 51.85 kN*m  Mz,c,Rd = 10.48 kN*m Vz,Ed = -61.26 kN 


  MN,y,Rd = 51.85 kN*m  MN,z,Rd = 10.48 kN*m Tau,z,max,Ed = -62 MPa 


   Tt,Ed = 0.04 kN*m 


   Class of section = 1 


----------------------------------------------------------------------------------------------------------------------------- ----------- 
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     LATERAL BUCKLING PARAMETERS:  
---------------------------------------------------------------------------------------------------------------------------------------- 


BUCKLING PARAMETERS: 


      About y axis:       About z axis:  
       
---------------------------------------------------------------------------------------------------------------------------------------- 
VERIFICATION FORMULAS:  
Section strength check: 


N,Ed/Nt,Rd = 0.03 < 1.00   (6.2.3.(1)) 


(My,Ed/MN,y,Rd)^ 2.00 + (Mz,Ed/MN,z,Rd)^1.00 = 0.17 < 1.00   (6.2.9.1.(6)) 


(Tau,y,max,Ed + Tau,ty,Ed)/(fy/(sqrt(3)*gM0)) = 0.09 < 1.00   (6.2.6-7) 


(Tau,z,max,Ed + Tau,tz,Ed)/(fy/(sqrt(3)*gM0)) = 0.48 < 1.00   (6.2.6-7) 


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


LIMIT DISPLACEMENTS 


   Deflections   


uy = 0.0 cm  <  uy max = L/250.00 = 1.4 cm Verified 


Governing Load Case:   4 SLS  (1+2)*1.00 


uz = 0.0 cm  <  uz max = L/250.00 = 1.4 cm Verified 


Governing Load Case:   4 SLS  (1+2)*1.00 


   Displacements  Not analyzed 


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


Section OK !!! 
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Column element 30 
 
-------------------------------------------------------------------------------------------- -------------------------------------------- 


CODE:    PN-EN 1993-1:2006/AC:2009,  Eurocode 3: Design of steel structures. 
ANALYSIS TYPE:   Member Verification 


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


CODE GROUP:        


MEMBER:   30  Column_up_30 POINT:   1                                   COORDINATE:   x = 0.03 L = 0.10 m 


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


LOADS: 
Governing Load Case:   3 ULS  (1+2)*1.35 


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


MATERIAL: 
Steel  ( S235 )       fy = 235 MPa            


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


   SECTION PARAMETERS:  IPE 240 


h=24.0 cm gM0=1.00 gM1=1.00 


b=12.0 cm  Ay=27.31 cm2  Az=19.14 cm2  Ax=39.12 cm2  


tw=0.6 cm  Iy=3891.63 cm4  Iz=283.63 cm4  Ix=11.60 cm4  


tf=1.0 cm  Wply=366.68 cm3  Wplz=73.93 cm3  


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


INTERNAL FORCES AND CAPACITIES: 
N,Ed = 32.73 kN   My,Ed = -38.06 kN*m  Mz,Ed = -1.83 kN*m  Vy,Ed = -11.19 kN 


Nc,Rd = 919.23 kN  My,Ed,max = -44.59 kN*m  Mz,Ed,max = -2.01 kN*m


 Tau,y,max,Ed = -6 MPa 


Nb,Rd = 919.23 kN  My,c,Rd = 86.17 kN*m  Mz,c,Rd = 17.37 kN*m Vz,Ed = 103.69 kN 


  MN,y,Rd = 86.17 kN*m  MN,z,Rd = 17.37 kN*m Tau,z,max,Ed = 78 MPa 


   Tt,Ed = 0.03 kN*m 


   Class of section = 1 


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


     LATERAL BUCKLING PARAMETERS:  
----------------------------------------------------------------------------------------------------------------------------------------  


BUCKLING PARAMETERS: 


      About y axis:       About z axis: 
Ly = 3.70 m  Lam_y = 0.20      


Lcr,y = 1.85 m  Xy = 1.00      


Lamy = 18.55  kyy = 0.78    kyz = 0.53 


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


VERIFICATION FORMULAS:  
Section strength check: 


N,Ed/Nc,Rd = 0.04 < 1.00   (6.2.4.(1)) 


(My,Ed/MN,y,Rd)^ 2.00 + (Mz,Ed/MN,z,Rd)^1.00 = 0.30 < 1.00   (6.2.9.1.(6)) 


(Tau,y,max,Ed + Tau,ty,Ed)/(fy/(sqrt(3)*gM0)) = 0.07 < 1.00   (6.2.6-7) 


(Tau,z,max,Ed + Tau,tz,Ed)/(fy/(sqrt(3)*gM0)) = 0.59 < 1.00   (6.2.6-7) 


Global stability check of member: 


Lambda,y = 18.55 < Lambda,max = 250.00    STABLE 


N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.50 < 1.00   


(6.3.3.(4)) 


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


LIMIT DISPLACEMENTS 


   Deflections  Not analyzed 


   Displacements   


vx = 0.0 cm  <  vx max = L/150.00 = 2.5 cm Verified 


Governing Load Case:   4 SLS  (1+2)*1.00 


vy = 0.1 cm  <  vy max = L/150.00 = 2.5 cm Verified 


Governing Load Case:   4 SLS  (1+2)*1.00 


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


Section OK !!! 
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Column element 31  
 
----------------------------------------------------------------------------------------------------------------------------------------  


CODE:    PN-EN 1993-1:2006/AC:2009,  Eurocode 3: Design of steel structures. 
ANALYSIS TYPE:   Member Verification 


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


CODE GROUP:        


MEMBER:   31  Column_up_31 POINT:   1                                   COORDINATE:   x = 0.00 L = 0.00 m 


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


LOADS: 
Governing Load Case:   3 ULS  (1+2)*1.35 


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


MATERIAL: 
Steel  ( S235 )       fy = 235 MPa            


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


   SECTION PARAMETERS:  IPE 200 


h=20.0 cm gM0=1.00 gM1=1.00 


b=10.0 cm  Ay=19.58 cm2  Az=14.00 cm2  Ax=28.48 cm2  


tw=0.6 cm  Iy=1943.17 cm4  Iz=142.37 cm4  Ix=6.46 cm4  


tf=0.9 cm  Wply=220.66 cm3  Wplz=44.61 cm3  


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


INTERNAL FORCES AND CAPACITIES: 
N,Ed = 49.95 kN   My,Ed = -20.76 kN*m  Mz,Ed = -1.41 kN*m  Vy,Ed = -3.55 kN 


Nc,Rd = 669.38 kN  My,Ed,max = -20.76 kN*m  Mz,Ed,max = -1.41 kN*m


 Tau,y,max,Ed = -3 MPa 


Nb,Rd = 663.31 kN  My,c,Rd = 51.85 kN*m  Mz,c,Rd = 10.48 kN*m Vz,Ed = 30.73 kN 


  MN,y,Rd = 51.85 kN*m  MN,z,Rd = 10.48 kN*m Tau,z,max,Ed = 31 MPa 


   Tt,Ed = -0.01 kN*m 


   Class of section = 1 


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


     LATERAL BUCKLING PARAMETERS:  
----------------------------------------------------------------------------------------------------------------------------------------  


BUCKLING PARAMETERS: 


      About y axis:       About z axis: 
Ly = 3.74 m  Lam_y = 0.24      


Lcr,y = 1.87 m  Xy = 0.99      


Lamy = 22.64  kyy = 0.78    kyz = 0.51 


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


VERIFICATION FORMULAS:  
Section strength check: 


N,Ed/Nc,Rd = 0.07 < 1.00   (6.2.4.(1)) 


(My,Ed/MN,y,Rd)^ 2.00 + (Mz,Ed/MN,z,Rd)^1.00 = 0.30 < 1.00   (6.2.9.1.(6)) 


(Tau,y,max,Ed + Tau,ty,Ed)/(fy/(sqrt(3)*gM0)) = 0.03 < 1.00   (6.2.6-7) 


(Tau,z,max,Ed + Tau,tz,Ed)/(fy/(sqrt(3)*gM0)) = 0.23 < 1.00   (6.2.6-7) 


Global stability check of member: 


Lambda,y = 22.64 < Lambda,max = 250.00    STABLE 


N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.46 < 1.00   


(6.3.3.(4)) 


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


LIMIT DISPLACEMENTS 


   Deflections  Not analyzed 


   Displacements   


vx = 0.0 cm  <  vx max = L/150.00 = 2.5 cm Verified 


Governing Load Case:   4 SLS  (1+2)*1.00 


vy = 0.1 cm  <  vy max = L/150.00 = 2.5 cm Verified 


Governing Load Case:   4 SLS  (1+2)*1.00 


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


Section OK !!! 
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Middle Column element 38 
----------------------------------------------------------------------------------------------------------------------------------------  


CODE:    PN-EN 1993-1:2006/AC:2009,  Eurocode 3: Design of steel structures. 
ANALYSIS TYPE:   Member Verification 


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


CODE GROUP:        


MEMBER:   38  column_middle_38 POINT:   2                                    COORDINATE:   x = 0.17 L = 0.05 m 


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


LOADS: 
Governing Load Case:   3 ULS  (1+2)*1.35 


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


MATERIAL: 
S 235  ( S 235 )       fy = 235 MPa            


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


   SECTION PARAMETERS:  TRON 76x5 


h=7.6 cm gM0=1.00 gM1=1.00 


  Ay=7.11 cm2  Az=7.11 cm2  Ax=11.17 cm2  


tw=0.5 cm  Iy=70.92 cm4  Iz=70.92 cm4  Ix=141.84 cm4  


  Wply=25.32 cm3  Wplz=25.32 cm3  


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


INTERNAL FORCES AND CAPACITIES: 
N,Ed = 161.88 kN   My,Ed = 0.01 kN*m  Mz,Ed = -0.01 kN*m  Vy,Ed = 0.23 kN 


Nc,Rd = 262.46 kN  My,Ed,max = 0.05 kN*m  Mz,Ed,max = -0.07 kN*m Tau,y,max,Ed = 0 MPa 


Nb,Rd = 255.50 kN  My,c,Rd = 5.95 kN*m  Mz,c,Rd = 5.95 kN*m Vz,Ed = 0.17 kN 


  MN,y,Rd = 3.33 kN*m  MN,z,Rd = 3.33 kN*m Tau,z,max,Ed = 0 MPa 


   Class of section = 1 


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


     LATERAL BUCKLING PARAMETERS:  
---------------------------------------------------------------------------------------------------------------------------------------- 


BUCKLING PARAMETERS: 


      About y axis:       About z axis: 
Ly = 0.30 m  Lam_y = 0.32  Lz = 0.30 m  Lam_z = 0.32  


Lcr,y = 0.75 m  Xy = 0.97  Lcr,z = 0.75 m  Xz = 0.97  


Lamy = 29.76  kzy = 0.47  Lamz = 29.76  kzz = 0.80 


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


VERIFICATION FORMULAS:  
Section strength check: 


N,Ed/Nc,Rd = 0.62 < 1.00   (6.2.4.(1)) 


(My,Ed/MN,y,Rd)^ 2.00 + (Mz,Ed/MN,z,Rd)^2.00 = 0.00 < 1.00   (6.2.9.1.(6)) 


Tau,y,max,Ed/(fy/(sqrt(3)*gM0)) = 0.00 < 1.00   (6.2.6.(4)) 


Tau,z,max,Ed/(fy/(sqrt(3)*gM0)) = 0.00 < 1.00   (6.2.6.(4)) 


Global stability check of member: 


Lambda,y = 29.76 < Lambda,max = 250.00          Lambda,z = 29.76 < Lambda,max = 250.00    STABLE 


N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.65 < 1.00   


(6.3.3.(4)) 


N,Ed/(Xz*N,Rk/gM1) + kzy*My,Ed,max/(XLT*My,Rk/gM1) + kzz*Mz,Ed,max/(Mz,Rk/gM1) = 0.65 < 1.00   


(6.3.3.(4)) 


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


LIMIT DISPLACEMENTS 


   Deflections  Not analyzed 


   Displacements   


vx = 0.0 cm  <  vx max = L/150.00 = 0.2 cm Verified 


Governing Load Case:   4 SLS  (1+2)*1.00 


vy = 0.0 cm  <  vy max = L/150.00 = 0.2 cm Verified 


Governing Load Case:   4 SLS  (1+2)*1.00 


----------------------------------------------------------------------------------------------------------------------------- ----------- 
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Section OK !!! 


 


Tie beam element 214 
 
----------------------------------------------------------------------------------------------------------------------------------------  


CODE:    PN-EN 1993-1:2006/AC:2009,  Eurocode 3: Design of steel structures. 
ANALYSIS TYPE:   Member Verification 


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


CODE GROUP:        


MEMBER:   214  Tie-beam_214 POINT:   4                                    COORDINATE:   x = 0.50 L = 1.70 m 


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


LOADS: 
Governing Load Case:   3 ULS  (1+2)*1.35 


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


MATERIAL: 
S 235  ( S 235 )       fy = 235 MPa            


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


   SECTION PARAMETERS:  TRON 76x5 


h=7.6 cm gM0=1.00 gM1=1.00 


  Ay=7.11 cm2  Az=7.11 cm2  Ax=11.17 cm2  


tw=0.5 cm  Iy=70.92 cm4  Iz=70.92 cm4  Ix=141.84 cm4  


  Wply=25.32 cm3  Wplz=25.32 cm3  


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


INTERNAL FORCES AND CAPACITIES: 
N,Ed = -72.50 kN   My,Ed = 0.17 kN*m     


Nt,Rd = 262.46 kN  My,pl,Rd = 5.95 kN*m    


  My,c,Rd = 5.95 kN*m    


  MN,y,Rd = 5.28 kN*m    


   Class of section = 1 


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


     LATERAL BUCKLING PARAMETERS:  
---------------------------------------------------------------------------------------------------------------------------------------- 


BUCKLING PARAMETERS: 


      About y axis:       About z axis:  
       
-------------------------------------------------------------------------------------------- -------------------------------------------- 
VERIFICATION FORMULAS:  
Section strength check: 


N,Ed/Nt,Rd = 0.28 < 1.00   (6.2.3.(1)) 


My,Ed/My,c,Rd = 0.03 < 1.00   (6.2.5.(1)) 


My,Ed/MN,y,Rd = 0.03 < 1.00   (6.2.9.1.(2)) 


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


Section OK !!! 
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Tie beam element 242 
 
--------------------------------------------------------------------------------------------------------- ------------------------------- 


CODE:    PN-EN 1993-1:2006/AC:2009,  Eurocode 3: Design of steel structures. 
ANALYSIS TYPE:   Member Verification 


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


CODE GROUP:        


MEMBER:   242  Tie-beam_242 POINT:   7 COORDINATE:   x = 0.33 L = 0.05 


m 


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


LOADS: 
Governing Load Case:   3 ULS  (1+2)*1.35 


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


MATERIAL: 
S 235  ( S 235 )       fy = 235 MPa            


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


   SECTION PARAMETERS:  pl_5x80 


h=8.0 cm gM0=1.00 gM1=1.00 


b=0.5 cm  Ay=4.00 cm2  Az=4.00 cm2  Ax=4.00 cm2  


tw=0.3 cm  Iy=21.33 cm4  Iz=0.08 cm4  Ix=0.32 cm4  


tf=0.3 cm  Wply=8.00 cm3  Wplz=0.50 cm3  


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


INTERNAL FORCES AND CAPACITIES: 
N,Ed = -32.25 kN   My,Ed = -0.26 kN*m  Mz,Ed = 0.00 kN*m  Vy,Ed = -0.15 kN 


Nt,Rd = 94.00 kN  My,pl,Rd = 1.88 kN*m  Mz,pl,Rd = 0.12 kN*m Tau,y,max,Ed = -9 MPa 


  My,c,Rd = 1.88 kN*m  Mz,c,Rd = 0.12 kN*m Vz,Ed = -4.63 kN 


  MN,y,Rd = 1.65 kN*m  MN,z,Rd = 0.08 kN*m Tau,z,max,Ed = -17 MPa 


   Tt,Ed = -0.00 kN*m 


   Class of section = 1 


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


     LATERAL BUCKLING PARAMETERS:  
----------------------------------------------------------------------------------------------------------------------------------------  


BUCKLING PARAMETERS: 


      About y axis:       About z axis:  
       
---------------------------------------------------------------------------------------------------------------------------------------- 
VERIFICATION FORMULAS:  
Section strength check: 


N,Ed/Nt,Rd = 0.34 < 1.00   (6.2.3.(1)) 


(My,Ed/MN,y,Rd)^ 1.91 + (Mz,Ed/MN,z,Rd)^1.91 = 0.03 < 1.00   (6.2.9.1.(6)) 


(Tau,y,max,Ed + Tau,ty,Ed)/(fy/(sqrt(3)*gM0)) = 0.07 < 1.00   (6.2.6-7) 


(Tau,z,max,Ed + Tau,tz,Ed)/(fy/(sqrt(3)*gM0)) = 0.13 < 1.00   (6.2.6-7) 


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


 


Section OK !!! 
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Column down element 24 
 
----------------------------------------------------------------------------------------------------------------------------- ----------- 


CODE:    PN-EN 1993-1:2006/AC:2009,  Eurocode 3: Design of steel structures. 
ANALYSIS TYPE:   Member Verification 


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


CODE GROUP:        


MEMBER:   24  Column_down_24 POINT:   2                                   COORDINATE:   x = 0.17 L = 0.05 m 


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


LOADS: 
Governing Load Case:   3 ULS  (1+2)*1.35 


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


MATERIAL: 
Steel  ( S235 )       fy = 235 MPa            


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


   SECTION PARAMETERS:  IPE 240 


h=24.0 cm gM0=1.00 gM1=1.00 


b=12.0 cm  Ay=27.31 cm2  Az=19.14 cm2  Ax=39.12 cm2  


tw=0.6 cm  Iy=3891.63 cm4  Iz=283.63 cm4  Ix=11.60 cm4  


tf=1.0 cm  Wply=366.68 cm3  Wplz=73.93 cm3  


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


INTERNAL FORCES AND CAPACITIES: 
N,Ed = 121.66 kN   My,Ed = -2.33 kN*m  Mz,Ed = -0.34 kN*m  Vy,Ed = 6.75 kN 


Nc,Rd = 919.23 kN  My,Ed,max = -13.98 kN*m  Mz,Ed,max = -2.02 kN*m


 Tau,y,max,Ed = 4 MPa 


Nb,Rd = 887.39 kN  My,c,Rd = 86.17 kN*m  Mz,c,Rd = 17.37 kN*m Vz,Ed = -46.61 kN 


  MN,y,Rd = 86.17 kN*m  MN,z,Rd = 17.37 kN*m Tau,z,max,Ed = -35 MPa 


 Mb,Rd = 86.17 kN*m   


   Class of section = 1 


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


     LATERAL BUCKLING PARAMETERS:  
z = 0.00 Mcr = 8556.48 kN*m Curve,LT - b XLT = 1.00 


Lcr,low=0.30 m Lam_LT = 0.10 fi,LT = 0.45 XLT,mod = 1.00 


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


BUCKLING PARAMETERS: 


      About y axis:       About z axis: 
Ly = 0.30 m  Lam_y = 0.25  Lz = 0.30 m  Lam_z = 0.30  


Lcr,y = 2.34 m  Xy = 0.99  Lcr,z = 0.75 m  Xz = 0.97  


Lamy = 23.42  kyy = 0.98  Lamz = 27.85  kyz = 0.62 


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


VERIFICATION FORMULAS:  
Section strength check: 


N,Ed/Nc,Rd = 0.13 < 1.00   (6.2.4.(1)) 


(My,Ed/MN,y,Rd)^ 2.00 + (Mz,Ed/MN,z,Rd)^1.00 = 0.02 < 1.00   (6.2.9.1.(6)) 


Tau,y,max,Ed/(fy/(sqrt(3)*gM0)) = 0.03 < 1.00   (6.2.6.(4)) 


Tau,z,max,Ed/(fy/(sqrt(3)*gM0)) = 0.26 < 1.00   (6.2.6.(4)) 


Global stability check of member: 


Lambda,y = 23.42 < Lambda,max = 250.00          Lambda,z = 27.85 < Lambda,max = 250.00    STABLE 


My,Ed,max/Mb,Rd = 0.16 < 1.00   (6.3.2.1.(1)) 


N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.37 < 1.00   


(6.3.3.(4)) 


N,Ed/(Xz*N,Rk/gM1) + kzy*My,Ed,max/(XLT*My,Rk/gM1) + kzz*Mz,Ed,max/(Mz,Rk/gM1) = 0.33 < 1.00   


(6.3.3.(4)) 


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


LIMIT DISPLACEMENTS 


   Deflections  Not analyzed 


   Displacements   


vx = 0.0 cm  <  vx max = L/300.00 = 0.1 cm Verified 
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Governing Load Case:   4 SLS  (1+2)*1.00 


vy = 0.0 cm  <  vy max = L/300.00 = 0.1 cm Verified 


Governing Load Case:   4 SLS  (1+2)*1.00 


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


Section OK !!! 
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3.3 Stiffeners in walls and bottom 


Arrangement of stiffeners in front walls  
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Arrangement of stiffeners in side walls 
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Arrangements of stiffeners in bottom   


 







PROMAR 
Design Office 
 


Project: 
BMW Dingolfing 


Page: 
22 
 


Wall stiffener – column element 45 


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


CODE:    PN-EN 1993-1:2006/AC:2009,  Eurocode 3: Design of steel structures. 
ANALYSIS TYPE:   Member Verification 


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


CODE GROUP:        


MEMBER:   45  Stiffener_02_45 POINT:   7                                   COORDINATE:   x = 0.03 L = 0.10 m 


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


LOADS: 
Governing Load Case:   3 ULS  (1+2)*1.35 


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


MATERIAL: 
S 235  ( S 235 )       fy = 235 MPa            


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


   SECTION PARAMETERS:  2 UPN 120 


h=12.0 cm gM0=1.00 gM1=1.00 


b=11.0 cm  Ay=19.80 cm2  Az=16.80 cm2  Ax=33.77 cm2  


tw=0.7 cm  Iy=728.50 cm4  Iz=173.30 cm4  Ix=7.54 cm4  


tf=0.9 cm  Wply=145.37 cm3  Wplz=54.25 cm3  


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


INTERNAL FORCES AND CAPACITIES: 
N,Ed = 30.12 kN   My,Ed = 2.42 kN*m  Mz,Ed = -0.12 kN*m  Vy,Ed = 1.17 kN 


Nc,Rd = 793.59 kN  My,Ed,max = 2.42 kN*m  Mz,Ed,max = -0.12 kN*m Tau,y,max,Ed = 1 MPa 


Nb,Rd = 495.81 kN  My,c,Rd = 34.16 kN*m  Mz,c,Rd = 12.75 kN*m Vz,Ed = 24.23 kN 


  MN,y,Rd = 34.11 kN*m  MN,z,Rd = 12.73 kN*m Tau,z,max,Ed = 14 MPa 


   Class of section = 1 


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


     LATERAL BUCKLING PARAMETERS:  
---------------------------------------------------------------------------------------------------------------------------------------- 


BUCKLING PARAMETERS: 


      About y axis:       About z axis: 
Ly = 3.75 m  Lam_y = 0.86      


Lcr,y = 3.75 m  Xy = 0.62      


Lamy = 80.74  kyy = 1.02    kyz = 0.66 


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


VERIFICATION FORMULAS:  
Section strength check: 


N,Ed/Nc,Rd = 0.04 < 1.00   (6.2.4.(1)) 


(My,Ed/MN,y,Rd)^ 1.00 + (Mz,Ed/MN,z,Rd)^1.00 = 0.08 < 1.00   (6.2.9.1.(6)) 


Tau,y,max,Ed/(fy/(sqrt(3)*gM0)) = 0.00 < 1.00   (6.2.6.(4)) 


Tau,z,max,Ed/(fy/(sqrt(3)*gM0)) = 0.11 < 1.00   (6.2.6.(4)) 


Global stability check of member: 


Lambda,y = 80.74 < Lambda,max = 250.00    STABLE 


N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.14 < 1.00   


(6.3.3.(4)) 


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


LIMIT DISPLACEMENTS 


   Deflections   


uy = 0.0 cm  <  uy max = L/250.00 = 1.5 cm Verified 


Governing Load Case:   4 SLS  (1+2)*1.00 


uz = 0.0 cm  <  uz max = L/250.00 = 1.5 cm Verified 


Governing Load Case:   4 SLS  (1+2)*1.00 


   Displacements  Not analyzed 


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


Section OK !!! 
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Wall stiffener –  element 141 
 
--------------------------------------------------------------------------------------------------- ------------------------------------- 


CODE:    PN-EN 1993-1:2006/AC:2009,  Eurocode 3: Design of steel structures. 
ANALYSIS TYPE:   Member Verification 


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


CODE GROUP:        


MEMBER:   141  琥╟n POINT:   7 COORDINATE:   x = 1.00 L = 1.19 


m 


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


LOADS: 
Governing Load Case:   3 ULS  (1+2)*1.35 


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


MATERIAL: 
S 235  ( S 235 )       fy = 235 MPa            


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


   SECTION PARAMETERS:  [] 120 


h=12.0 cm gM0=1.00 gM1=1.00 


b=11.0 cm  Ay=19.80 cm2  Az=16.80 cm2  Ax=33.77 cm2  


tw=0.7 cm  Iy=728.50 cm4  Iz=598.11 cm4  Ix=7.54 cm4  


tf=0.9 cm  Wply=145.37 cm3  Wplz=131.49 cm3  


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


INTERNAL FORCES AND CAPACITIES: 
N,Ed = -11.31 kN   My,Ed = -15.68 kN*m  Mz,Ed = 0.17 kN*m  Vy,Ed = -0.70 kN 


Nt,Rd = 793.59 kN  My,pl,Rd = 34.16 kN*m  Mz,pl,Rd = 30.90 kN*m Tau,y,max,Ed = -0 MPa 


  My,c,Rd = 34.16 kN*m  Mz,c,Rd = 30.90 kN*m Vz,Ed = -11.41 kN 


  MN,y,Rd = 34.16 kN*m  MN,z,Rd = 30.89 kN*m Tau,z,max,Ed = -7 MPa 


   Tt,Ed = -0.04 kN*m 


   Class of section = 1 


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


     LATERAL BUCKLING PARAMETERS:  
---------------------------------------------------------------------------------------------------------------------------------------- 


BUCKLING PARAMETERS: 


      About y axis:       About z axis:  
       
---------------------------------------------------------------------------------------------------------------------------------------- 
VERIFICATION FORMULAS:  
Section strength check: 


N,Ed/Nt,Rd = 0.01 < 1.00   (6.2.3.(1)) 


(My,Ed/MN,y,Rd)^ 1.00 + (Mz,Ed/MN,z,Rd)^1.00 = 0.46 < 1.00   (6.2.9.1.(6)) 


Tau,y,max,Ed/(fy/(sqrt(3)*gM0)) = 0.00 < 1.00   (6.2.6.(4)) 


Tau,z,max,Ed/(fy/(sqrt(3)*gM0)) = 0.05 < 1.00   (6.2.6.(4)) 


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


LIMIT DISPLACEMENTS 


   Deflections   


uy = 0.0 cm  <  uy max = L/250.00 = 0.5 cm Verified 


Governing Load Case:   4 SLS  (1+2)*1.00 


uz = 0.1 cm  <  uz max = L/250.00 = 0.5 cm Verified 


Governing Load Case:   4 SLS  (1+2)*1.00 


   Displacements  Not analyzed 


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


Section OK !!! 
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Wall stiffener – element 90 


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


CODE:    PN-EN 1993-1:2006/AC:2009,  Eurocode 3: Design of steel structures. 
ANALYSIS TYPE:   Member Verification 


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


CODE GROUP:        


MEMBER:   90  Stiffener_01_90 POINT:   1                                 COORDINATE:   x = 0.03 L = 0.10 m 


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


LOADS: 
Governing Load Case:   3 ULS  (1+2)*1.35 


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


MATERIAL: 
Steel  ( S235 )       fy = 235 MPa            


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


   SECTION PARAMETERS:  IPE 200 


h=20.0 cm gM0=1.00 gM1=1.00 


b=10.0 cm  Ay=19.58 cm2  Az=14.00 cm2  Ax=28.48 cm2  


tw=0.6 cm  Iy=1943.17 cm4  Iz=142.37 cm4  Ix=6.46 cm4  


tf=0.9 cm  Wply=220.66 cm3  Wplz=44.61 cm3  


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


INTERNAL FORCES AND CAPACITIES: 
N,Ed = -44.04 kN   My,Ed = 25.32 kN*m  Mz,Ed = 0.01 kN*m  Vy,Ed = 0.05 kN 


Nt,Rd = 669.38 kN  My,pl,Rd = 51.85 kN*m  Mz,pl,Rd = 10.48 kN*m Tau,y,max,Ed = 0 MPa 


  My,c,Rd = 51.85 kN*m  Mz,c,Rd = 10.48 kN*m Vz,Ed = -48.18 kN 


  MN,y,Rd = 51.85 kN*m  MN,z,Rd = 10.48 kN*m Tau,z,max,Ed = -49 MPa 


   Tt,Ed = 0.00 kN*m 


   Class of section = 1 


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


     LATERAL BUCKLING PARAMETERS:  
----------------------------------------------------------------------------------------------------------------------------------------  


BUCKLING PARAMETERS: 


      About y axis:       About z axis:  
       
----------------------------------------------------------------------------------------------------------------------------------------  
VERIFICATION FORMULAS:  
Section strength check: 


N,Ed/Nt,Rd = 0.07 < 1.00   (6.2.3.(1)) 


(My,Ed/MN,y,Rd)^ 2.00 + (Mz,Ed/MN,z,Rd)^1.00 = 0.24 < 1.00   (6.2.9.1.(6)) 


(Tau,y,max,Ed + Tau,ty,Ed)/(fy/(sqrt(3)*gM0)) = 0.00 < 1.00   (6.2.6-7) 


(Tau,z,max,Ed + Tau,tz,Ed)/(fy/(sqrt(3)*gM0)) = 0.36 < 1.00   (6.2.6-7) 


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


LIMIT DISPLACEMENTS 


   Deflections   


uy = 0.0 cm  <  uy max = L/250.00 = 1.5 cm Verified 


Governing Load Case:   4 SLS  (1+2)*1.00 


uz = 0.1 cm  <  uz max = L/250.00 = 1.5 cm Verified 


Governing Load Case:   4 SLS  (1+2)*1.00 


   Displacements  Not analyzed 


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


 


Section OK !!! 
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Wall stiffener - element 88 


 
 


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


CODE:    PN-EN 1993-1:2006/AC:2009,  Eurocode 3: Design of steel structures. 
ANALYSIS TYPE:   Member Verification 


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


CODE GROUP:        


MEMBER:   88  Column_up_88 POINT:   1 COORDINATE:   x = 0.69 L = 1.23 


m 


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


LOADS: 
Governing Load Case:   3 ULS  (1+2)*1.35 


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


MATERIAL: 
Steel  ( S235 )       fy = 235 MPa            


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


   SECTION PARAMETERS:  UPN 100 


h=10.0 cm gM0=1.00 gM1=1.00 


b=5.0 cm  Ay=9.42 cm2  Az=6.11 cm2  Ax=13.38 cm2  


tw=0.6 cm  Iy=205.30 cm4  Iz=29.16 cm4  Ix=2.58 cm4  


tf=0.9 cm  Wply=48.95 cm3  Wplz=16.21 cm3  


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


INTERNAL FORCES AND CAPACITIES: 
N,Ed = -4.11 kN   My,Ed = 1.54 kN*m  Mz,Ed = 0.03 kN*m  Vy,Ed = 0.43 kN 


Nt,Rd = 314.43 kN  My,pl,Rd = 11.50 kN*m  Mz,pl,Rd = 3.81 kN*m Tau,y,max,Ed = 1 MPa 


  My,c,Rd = 11.50 kN*m  Mz,c,Rd = 3.81 kN*m Vz,Ed = -0.31 kN 


  MN,y,Rd = 11.50 kN*m  MN,z,Rd = 3.81 kN*m Tau,z,max,Ed = -1 MPa 


   Tt,Ed = -0.01 kN*m 


   Class of section = 1 


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


     LATERAL BUCKLING PARAMETERS:  
----------------------------------------------------------------------------------------------------------- ----------------------------- 


BUCKLING PARAMETERS: 


      About y axis:       About z axis:  
       
---------------------------------------------------------------------------------------------------------------------- ------------------ 
VERIFICATION FORMULAS:  
Section strength check: 


N,Ed/Nt,Rd = 0.01 < 1.00   (6.2.3.(1)) 


(My,Ed/MN,y,Rd)^ 1.00 + (Mz,Ed/MN,z,Rd)^1.00 = 0.14 < 1.00   (6.2.9.1.(6)) 


(Tau,y,max,Ed + Tau,ty,Ed)/(fy/(sqrt(3)*gM0)) = 0.03 < 1.00   (6.2.6-7) 


(Tau,z,max,Ed + Tau,tz,Ed)/(fy/(sqrt(3)*gM0)) = 0.02 < 1.00   (6.2.6-7) 


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


LIMIT DISPLACEMENTS 


   Deflections  Not analyzed 


   Displacements   


vx = 0.4 cm  <  vx max = L/150.00 = 1.2 cm Verified 


Governing Load Case:   4 SLS  (1+2)*1.00 


vy = 0.0 cm  <  vy max = L/150.00 = 1.2 cm Verified 


Governing Load Case:   4 SLS  (1+2)*1.00 


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


 


Section OK !!! 
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Wall stiffener - element 95 


   


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


CODE:    PN-EN 1993-1:2006/AC:2009,  Eurocode 3: Design of steel structures. 
ANALYSIS TYPE:   Member Verification 


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


CODE GROUP:        


MEMBER:   95  Stiffener_01_95 POINT:   7 COORDINATE:   x = 1.00 L = 0.55 


m 


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


LOADS: 
Governing Load Case:   3 ULS  (1+2)*1.35 


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


MATERIAL: 
S 235  ( S 235 )       fy = 235 MPa            


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


   SECTION PARAMETERS:  [] 120 


h=12.0 cm gM0=1.00 gM1=1.00 


b=11.0 cm  Ay=19.80 cm2  Az=16.80 cm2  Ax=33.77 cm2  


tw=0.7 cm  Iy=728.50 cm4  Iz=598.11 cm4  Ix=7.54 cm4  


tf=0.9 cm  Wply=145.37 cm3  Wplz=131.49 cm3  


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


INTERNAL FORCES AND CAPACITIES: 
N,Ed = -25.88 kN   My,Ed = 17.12 kN*m  Mz,Ed = 0.00 kN*m  Vy,Ed = 0.14 kN 


Nt,Rd = 793.59 kN  My,pl,Rd = 34.16 kN*m  Mz,pl,Rd = 30.90 kN*m Tau,y,max,Ed = 0 MPa 


  My,c,Rd = 34.16 kN*m  Mz,c,Rd = 30.90 kN*m Vz,Ed = 28.97 kN 


  MN,y,Rd = 34.13 kN*m  MN,z,Rd = 30.87 kN*m Tau,z,max,Ed = 17 MPa 


   Tt,Ed = 0.02 kN*m 


   Class of section = 1 


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


     LATERAL BUCKLING PARAMETERS:  
---------------------------------------------------------------------------------------------------------------------------------------- 


BUCKLING PARAMETERS: 


      About y axis:       About z axis:  
       
----------------------------------------------------------------------------------------------------------------------------------------  
VERIFICATION FORMULAS:  
Section strength check: 


N,Ed/Nt,Rd = 0.03 < 1.00   (6.2.3.(1)) 


(My,Ed/MN,y,Rd)^ 1.00 + (Mz,Ed/MN,z,Rd)^1.00 = 0.50 < 1.00   (6.2.9.1.(6)) 


Tau,y,max,Ed/(fy/(sqrt(3)*gM0)) = 0.00 < 1.00   (6.2.6.(4)) 


Tau,z,max,Ed/(fy/(sqrt(3)*gM0)) = 0.13 < 1.00   (6.2.6.(4)) 


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


LIMIT DISPLACEMENTS 


   Deflections   


uy = 0.0 cm  <  uy max = L/250.00 = 0.2 cm Verified 


Governing Load Case:   4 SLS  (1+2)*1.00 


uz = 0.0 cm  <  uz max = L/250.00 = 0.2 cm Verified 


Governing Load Case:   4 SLS  (1+2)*1.00 


   Displacements  Not analyzed 


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


 


Section OK !!! 
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Wall stiffener -  element 94 
 
----------------------------------------------------------------------------------------------------------------------------------------  


CODE:    PN-EN 1993-1:2006/AC:2009,  Eurocode 3: Design of steel structures. 
ANALYSIS TYPE:   Member Verification 


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


CODE GROUP:        


MEMBER:   94  Stiffener_01_94 POINT:   1 COORDINATE:   x = 0.00 L = 0.00 


m 


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


LOADS: 
Governing Load Case:   3 ULS  (1+2)*1.35 


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


MATERIAL: 
Steel  ( S235 )       fy = 235 MPa            


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


   SECTION PARAMETERS:  UPN 120 


h=12.0 cm gM0=1.00 gM1=1.00 


b=5.5 cm  Ay=11.00 cm2  Az=8.42 cm2  Ax=16.88 cm2  


tw=0.7 cm  Iy=364.25 cm4  Iz=43.08 cm4  Ix=3.77 cm4  


tf=0.9 cm  Wply=72.69 cm3  Wplz=21.30 cm3  


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


INTERNAL FORCES AND CAPACITIES: 
N,Ed = -7.67 kN   My,Ed = 2.49 kN*m  Mz,Ed = -0.02 kN*m  Vy,Ed = -0.23 kN 


Nt,Rd = 396.80 kN  My,pl,Rd = 17.08 kN*m  Mz,pl,Rd = 5.01 kN*m Tau,y,max,Ed = -0 MPa 


  My,c,Rd = 17.08 kN*m  Mz,c,Rd = 5.01 kN*m Vz,Ed = -7.05 kN 


  MN,y,Rd = 17.07 kN*m  MN,z,Rd = 5.00 kN*m Tau,z,max,Ed = -10 MPa 


   Tt,Ed = -0.03 kN*m 


   Class of section = 1 


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


     LATERAL BUCKLING PARAMETERS:  
---------------------------------------------------------------------------------------------------------------------------------------- 


BUCKLING PARAMETERS: 


      About y axis:       About z axis:  
       
---------------------------------------------------------------------------------------------------------------------------------------- 
VERIFICATION FORMULAS:  
Section strength check: 


N,Ed/Nt,Rd = 0.02 < 1.00   (6.2.3.(1)) 


(My,Ed/MN,y,Rd)^ 1.00 + (Mz,Ed/MN,z,Rd)^1.00 = 0.15 < 1.00   (6.2.9.1.(6)) 


(Tau,y,max,Ed + Tau,ty,Ed)/(fy/(sqrt(3)*gM0)) = 0.06 < 1.00   (6.2.6-7) 


(Tau,z,max,Ed + Tau,tz,Ed)/(fy/(sqrt(3)*gM0)) = 0.12 < 1.00   (6.2.6-7) 


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


LIMIT DISPLACEMENTS 


   Deflections   


uy = 0.0 cm  <  uy max = L/250.00 = 0.8 cm Verified 


Governing Load Case:   4 SLS  (1+2)*1.00 


uz = 0.0 cm  <  uz max = L/250.00 = 0.8 cm Verified 


Governing Load Case:   4 SLS  (1+2)*1.00 


   Displacements  Not analyzed 


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


 


Section OK !!! 
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Wall stiffener -  element 102 
 
---------------------------------------------------------------------------------------------------------------------------------------- 


CODE:    PN-EN 1993-1:2006/AC:2009,  Eurocode 3: Design of steel structures. 
ANALYSIS TYPE:   Member Verification 


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


CODE GROUP:        


MEMBER:   102  Stiffener_01_102 POINT:   1 COORDINATE:   x = 0.00 L = 0.00 


m 


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


LOADS: 
Governing Load Case:   3 ULS  (1+2)*1.35 


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


MATERIAL: 
Steel  ( S235 )       fy = 235 MPa            


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


   SECTION PARAMETERS:  UPN 100 


h=10.0 cm gM0=1.00 gM1=1.00 


b=5.0 cm  Ay=9.42 cm2  Az=6.11 cm2  Ax=13.38 cm2  


tw=0.6 cm  Iy=205.30 cm4  Iz=29.16 cm4  Ix=2.58 cm4  


tf=0.9 cm  Wply=48.95 cm3  Wplz=16.21 cm3  


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


INTERNAL FORCES AND CAPACITIES: 
N,Ed = -5.94 kN   My,Ed = 6.05 kN*m  Mz,Ed = -0.01 kN*m  Vy,Ed = -0.19 kN 


Nt,Rd = 314.43 kN  My,pl,Rd = 11.50 kN*m  Mz,pl,Rd = 3.81 kN*m Tau,y,max,Ed = -0 MPa 


  My,c,Rd = 11.50 kN*m  Mz,c,Rd = 3.81 kN*m Vz,Ed = -15.31 kN 


  MN,y,Rd = 11.50 kN*m  MN,z,Rd = 3.81 kN*m Tau,z,max,Ed = -31 MPa 


   Tt,Ed = -0.00 kN*m 


   Class of section = 1 


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


     LATERAL BUCKLING PARAMETERS:  
----------------------------------------------------------------------------------------------------------------------------- ----------- 


BUCKLING PARAMETERS: 


      About y axis:       About z axis:  
       
----------------------------------------------------------------------------------------------------------------------------------- ----- 
VERIFICATION FORMULAS:  
Section strength check: 


N,Ed/Nt,Rd = 0.02 < 1.00   (6.2.3.(1)) 


(My,Ed/MN,y,Rd)^ 1.00 + (Mz,Ed/MN,z,Rd)^1.00 = 0.53 < 1.00   (6.2.9.1.(6)) 


(Tau,y,max,Ed + Tau,ty,Ed)/(fy/(sqrt(3)*gM0)) = 0.01 < 1.00   (6.2.6-7) 


(Tau,z,max,Ed + Tau,tz,Ed)/(fy/(sqrt(3)*gM0)) = 0.24 < 1.00   (6.2.6-7) 


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


LIMIT DISPLACEMENTS 


   Deflections   


uy = 0.0 cm  <  uy max = L/250.00 = 0.8 cm Verified 


Governing Load Case:   4 SLS  (1+2)*1.00 


uz = 0.2 cm  <  uz max = L/250.00 = 0.8 cm Verified 


Governing Load Case:   4 SLS  (1+2)*1.00 


   Displacements  Not analyzed 


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


 


Section OK !!! 
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Column -  element 29 


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


CODE:    PN-EN 1993-1:2006/AC:2009,  Eurocode 3: Design of steel structures. 
ANALYSIS TYPE:   Member Verification 


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


CODE GROUP:        


MEMBER:   29  Column_up_29 POINT:   1                                    COORDINATE:   x = 0.03 L = 0.10 m 


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


LOADS: 
Governing Load Case:   3 ULS  (1+2)*1.35 


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


MATERIAL: 
Steel  ( S235 )       fy = 235 MPa            


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


   SECTION PARAMETERS:  IPE 240 


h=24.0 cm gM0=1.00 gM1=1.00 


b=12.0 cm  Ay=27.31 cm2  Az=19.14 cm2  Ax=39.12 cm2  


tw=0.6 cm  Iy=3891.63 cm4  Iz=283.63 cm4  Ix=11.60 cm4  


tf=1.0 cm  Wply=366.68 cm3  Wplz=73.93 cm3  


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


INTERNAL FORCES AND CAPACITIES: 
N,Ed = 33.70 kN   My,Ed = 37.37 kN*m  Mz,Ed = -1.55 kN*m  Vy,Ed = -9.61 kN 


Nc,Rd = 919.23 kN  My,Ed,max = 43.85 kN*m  Mz,Ed,max = -1.71 kN*m Tau,y,max,Ed = -6 MPa 


Nb,Rd = 919.23 kN  My,c,Rd = 86.17 kN*m  Mz,c,Rd = 17.37 kN*m Vz,Ed = -103.21 kN 


  MN,y,Rd = 86.17 kN*m  MN,z,Rd = 17.37 kN*m Tau,z,max,Ed = -78 MPa 


   Tt,Ed = -0.03 kN*m 


   Class of section = 1 


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


     LATERAL BUCKLING PARAMETERS:  
----------------------------------------------------------------------------------------------------------------------------------------  


BUCKLING PARAMETERS: 


      About y axis:       About z axis: 
Ly = 3.70 m  Lam_y = 0.20      


Lcr,y = 1.85 m  Xy = 1.00      


Lamy = 18.55  kyy = 0.78    kyz = 0.53 


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


VERIFICATION FORMULAS:  
Section strength check: 


N,Ed/Nc,Rd = 0.04 < 1.00   (6.2.4.(1)) 


(My,Ed/MN,y,Rd)^ 2.00 + (Mz,Ed/MN,z,Rd)^1.00 = 0.28 < 1.00   (6.2.9.1.(6)) 


(Tau,y,max,Ed + Tau,ty,Ed)/(fy/(sqrt(3)*gM0)) = 0.06 < 1.00   (6.2.6-7) 


(Tau,z,max,Ed + Tau,tz,Ed)/(fy/(sqrt(3)*gM0)) = 0.59 < 1.00   (6.2.6-7) 


Global stability check of member: 


Lambda,y = 18.55 < Lambda,max = 250.00    STABLE 


N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.49 < 1.00   


(6.3.3.(4)) 


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


LIMIT DISPLACEMENTS 


   Deflections  Not analyzed 


   Displacements   


vx = 0.0 cm  <  vx max = L/150.00 = 2.5 cm Verified 


Governing Load Case:   4 SLS  (1+2)*1.00 


vy = 0.2 cm  <  vy max = L/150.00 = 2.5 cm Verified 


Governing Load Case:   4 SLS  (1+2)*1.00 


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


Section OK !!! 
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Column - element  27 
  


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


CODE:    PN-EN 1993-1:2006/AC:2009,  Eurocode 3: Design of steel structures. 
ANALYSIS TYPE:   Member Verification 


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


CODE GROUP:        


MEMBER:   27  Column_up_27 POINT:   1 COORDINATE:   x = 0.00 L = 0.00 


m 


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


LOADS: 
Governing Load Case:   3 ULS  (1+2)*1.35 


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


MATERIAL: 
Steel  ( S235 )       fy = 235 MPa            


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


   SECTION PARAMETERS:  IPE 200 


h=20.0 cm gM0=1.00 gM1=1.00 


b=10.0 cm  Ay=19.58 cm2  Az=14.00 cm2  Ax=28.48 cm2  


tw=0.6 cm  Iy=1943.17 cm4  Iz=142.37 cm4  Ix=6.46 cm4  


tf=0.9 cm  Wply=220.66 cm3  Wplz=44.61 cm3  


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


INTERNAL FORCES AND CAPACITIES: 
N,Ed = 61.27 kN   My,Ed = 17.36 kN*m  Mz,Ed = -0.87 kN*m  Vy,Ed = -1.09 kN 


Nc,Rd = 669.38 kN  My,Ed,max = 17.36 kN*m  Mz,Ed,max = -0.87 kN*m Tau,y,max,Ed = -1 MPa 


Nb,Rd = 664.07 kN  My,c,Rd = 51.85 kN*m  Mz,c,Rd = 10.48 kN*m Vz,Ed = -28.29 kN 


  MN,y,Rd = 51.85 kN*m  MN,z,Rd = 10.48 kN*m Tau,z,max,Ed = -29 MPa 


   Tt,Ed = -0.01 kN*m 


   Class of section = 1 


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


     LATERAL BUCKLING PARAMETERS:  
----------------------------------------------------------------------------------------------------------------------------------------  


BUCKLING PARAMETERS: 


      About y axis:       About z axis: 
Ly = 3.66 m  Lam_y = 0.24      


Lcr,y = 1.83 m  Xy = 0.99      


Lamy = 22.16  kyy = 0.78    kyz = 0.50 


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


VERIFICATION FORMULAS:  
Section strength check: 


N,Ed/Nc,Rd = 0.09 < 1.00   (6.2.4.(1)) 


(My,Ed/MN,y,Rd)^ 2.00 + (Mz,Ed/MN,z,Rd)^1.00 = 0.20 < 1.00   (6.2.9.1.(6)) 


(Tau,y,max,Ed + Tau,ty,Ed)/(fy/(sqrt(3)*gM0)) = 0.02 < 1.00   (6.2.6-7) 


(Tau,z,max,Ed + Tau,tz,Ed)/(fy/(sqrt(3)*gM0)) = 0.22 < 1.00   (6.2.6-7) 


Global stability check of member: 


Lambda,y = 22.16 < Lambda,max = 250.00    STABLE 


N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.39 < 1.00   


(6.3.3.(4)) 


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


LIMIT DISPLACEMENTS 


   Deflections  Not analyzed 


   Displacements   


vx = 0.0 cm  <  vx max = L/150.00 = 2.4 cm Verified 


Governing Load Case:   4 SLS  (1+2)*1.00 


vy = 0.1 cm  <  vy max = L/150.00 = 2.4 cm Verified 


Governing Load Case:   4 SLS  (1+2)*1.00 


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


Section OK !!!     
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Bottom stiffener element 48 
----------------------------------------------------------------------------------------------------------------------------------------  


CODE:    PN-EN 1993-1:2006/AC:2009,  Eurocode 3: Design of steel structures. 
ANALYSIS TYPE:   Member Verification 


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


CODE GROUP:        


MEMBER:   48  Stiffener_01_48 POINT:   1 COORDINATE:   x = 0.00 L = 0.00 


m 


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


LOADS: 
Governing Load Case:   3 ULS  (1+2)*1.35 


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


MATERIAL: 
S 235  ( S 235 )       fy = 235 MPa            


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


   SECTION PARAMETERS:  2 UPN 100 


h=10.0 cm gM0=1.00 gM1=1.00 


b=10.0 cm  Ay=17.00 cm2  Az=12.00 cm2  Ax=26.76 cm2  


tw=0.6 cm  Iy=410.61 cm4  Iz=122.71 cm4  Ix=5.17 cm4  


tf=0.9 cm  Wply=97.90 cm3  Wplz=41.51 cm3  


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


INTERNAL FORCES AND CAPACITIES: 
N,Ed = 2.73 kN   My,Ed = -7.09 kN*m  Mz,Ed = -0.55 kN*m  Vy,Ed = -5.47 kN 


Nc,Rd = 628.87 kN  My,Ed,max = -7.09 kN*m  Mz,Ed,max = -0.55 kN*m Tau,y,max,Ed = -3 MPa 


Nb,Rd = 514.53 kN  My,c,Rd = 23.01 kN*m  Mz,c,Rd = 9.75 kN*m Vz,Ed = 18.11 kN 


  MN,y,Rd = 23.01 kN*m  MN,z,Rd = 9.75 kN*m Tau,z,max,Ed = 15 MPa 


   Tt,Ed = -0.02 kN*m 


   Class of section = 1 


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


     LATERAL BUCKLING PARAMETERS:  
----------------------------------------------------------------------------------------------------------------------------------------  


BUCKLING PARAMETERS: 


      About y axis:       About z axis: 
Ly = 2.00 m  Lam_y = 0.54      


Lcr,y = 2.00 m  Xy = 0.82      


Lamy = 51.07  kyy = 1.00    kyz = 0.67 


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


VERIFICATION FORMULAS:  
Section strength check: 


N,Ed/Nc,Rd = 0.00 < 1.00   (6.2.4.(1)) 


(My,Ed/MN,y,Rd)^ 1.00 + (Mz,Ed/MN,z,Rd)^1.00 = 0.36 < 1.00   (6.2.9.1.(6)) 


Tau,y,max,Ed/(fy/(sqrt(3)*gM0)) = 0.02 < 1.00   (6.2.6.(4)) 


Tau,z,max,Ed/(fy/(sqrt(3)*gM0)) = 0.11 < 1.00   (6.2.6.(4)) 


Global stability check of member: 


Lambda,y = 51.07 < Lambda,max = 250.00    STABLE 


N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.35 < 1.00   


(6.3.3.(4)) 


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


LIMIT DISPLACEMENTS 


   Deflections   


uy = 0.0 cm  <  uy max = L/250.00 = 0.8 cm Verified 


Governing Load Case:   4 SLS  (1+2)*1.00 


uz = 0.1 cm  <  uz max = L/250.00 = 0.8 cm Verified 


Governing Load Case:   4 SLS  (1+2)*1.00 


   Displacements  Not analyzed 


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


Section OK !!! 
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Bottom stiffener element 70 
 
----------------------------------------------------------------------------------------------------------------------------------------  


CODE:    PN-EN 1993-1:2006/AC:2009,  Eurocode 3: Design of steel structures. 
ANALYSIS TYPE:   Member Verification 


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


CODE GROUP:        


MEMBER:   70  Stiffener_01_70 POINT:   1                                    COORDINATE:   x = 0.00 L = 0.00 m 


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


LOADS: 
Governing Load Case:   3 ULS  (1+2)*1.35 


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


MATERIAL: 
S 235  ( S 235 )       fy = 235 MPa            


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


   SECTION PARAMETERS:  IPE 100 


h=10.0 cm gM0=1.00 gM1=1.00 


b=5.5 cm  Ay=7.26 cm2  Az=5.08 cm2  Ax=10.32 cm2  


tw=0.4 cm  Iy=171.01 cm4  Iz=15.92 cm4  Ix=1.10 cm4  


tf=0.6 cm  Wply=39.41 cm3  Wplz=9.15 cm3  


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


INTERNAL FORCES AND CAPACITIES: 
N,Ed = -0.59 kN   My,Ed = -6.16 kN*m  Mz,Ed = 0.01 kN*m  Vy,Ed = 0.09 kN 


Nt,Rd = 242.60 kN  My,pl,Rd = 9.26 kN*m  Mz,pl,Rd = 2.15 kN*m Tau,y,max,Ed = 0 MPa 


  My,c,Rd = 9.26 kN*m  Mz,c,Rd = 2.15 kN*m Vz,Ed = 16.34 kN 


  MN,y,Rd = 9.26 kN*m  MN,z,Rd = 2.15 kN*m Tau,z,max,Ed = 46 MPa 


   Tt,Ed = 0.00 kN*m 


   Class of section = 1 


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


     LATERAL BUCKLING PARAMETERS:  
---------------------------------------------------------------------------------------------------------------------------------------- 


BUCKLING PARAMETERS: 


      About y axis:       About z axis:  
       
----------------------------------------------------------------------------------------------- ----------------------------------------- 
VERIFICATION FORMULAS:  
Section strength check: 


N,Ed/Nt,Rd = 0.00 < 1.00   (6.2.3.(1)) 


(My,Ed/MN,y,Rd)^ 2.00 + (Mz,Ed/MN,z,Rd)^1.00 = 0.45 < 1.00   (6.2.9.1.(6)) 


(Tau,y,max,Ed + Tau,ty,Ed)/(fy/(sqrt(3)*gM0)) = 0.00 < 1.00   (6.2.6-7) 


(Tau,z,max,Ed + Tau,tz,Ed)/(fy/(sqrt(3)*gM0)) = 0.34 < 1.00   (6.2.6-7) 


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


LIMIT DISPLACEMENTS 


   Deflections   


uy = 0.0 cm  <  uy max = L/250.00 = 0.8 cm Verified 


Governing Load Case:   4 SLS  (1+2)*1.00 


uz = 0.2 cm  <  uz max = L/250.00 = 0.8 cm Verified 


Governing Load Case:   4 SLS  (1+2)*1.00 


   Displacements  Not analyzed 


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


Section OK !!! 
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Wall stiffener element 237 
 
---------------------------------------------------------------------------------------------------------------------------------------- 


CODE:    PN-EN 1993-1:2006/AC:2009,  Eurocode 3: Design of steel structures. 
ANALYSIS TYPE:   Member Verification 


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


CODE GROUP:        


MEMBER:   237  Tie-beam_237 POINT:   7                                    COORDINATE:   x = 1.00 L = 0.14 m 


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


LOADS: 
Governing Load Case:   3 ULS  (1+2)*1.35 


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


MATERIAL: 
S 235  ( S 235 )       fy = 235 MPa            


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


   SECTION PARAMETERS:  pl_5x80 


h=8.0 cm gM0=1.00 gM1=1.00 


b=0.5 cm  Ay=4.00 cm2  Az=4.00 cm2  Ax=4.00 cm2  


tw=0.3 cm  Iy=21.33 cm4  Iz=0.08 cm4  Ix=0.32 cm4  


tf=0.3 cm  Wply=8.00 cm3  Wplz=0.50 cm3  


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


INTERNAL FORCES AND CAPACITIES: 
N,Ed = 0.92 kN   My,Ed = -1.02 kN*m  Mz,Ed = 0.00 kN*m  Vy,Ed = -0.01 kN 


Nc,Rd = 94.00 kN  My,pl,Rd = 1.88 kN*m  Mz,pl,Rd = 0.12 kN*m Tau,y,max,Ed = -1 MPa 


Nb,Rd = 94.00 kN  My,c,Rd = 1.88 kN*m  Mz,c,Rd = 0.12 kN*m Vz,Ed = -4.54 kN 


  MN,y,Rd = 1.88 kN*m  MN,z,Rd = 0.12 kN*m Tau,z,max,Ed = -17 MPa 


   Tt,Ed = 0.00 kN*m 


   Class of section = 1 


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


     LATERAL BUCKLING PARAMETERS:  
----------------------------------------------------------------------------------------------------------------------------------------  


BUCKLING PARAMETERS: 


      About y axis:       About z axis:  
       
---------------------------------------------------------------------------------------------------------------------------------------- 
VERIFICATION FORMULAS:  
Section strength check: 


N,Ed/Nc,Rd = 0.01 < 1.00   (6.2.4.(1)) 


(My,Ed/MN,y,Rd)^ 1.66 + (Mz,Ed/MN,z,Rd)^1.66 = 0.36 < 1.00   (6.2.9.1.(6)) 


(Tau,y,max,Ed + Tau,ty,Ed)/(fy/(sqrt(3)*gM0)) = 0.01 < 1.00   (6.2.6-7) 


(Tau,z,max,Ed + Tau,tz,Ed)/(fy/(sqrt(3)*gM0)) = 0.13 < 1.00   (6.2.6-7) 


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


 


Section OK !!! 
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3.4 Sheet 


Sheet 3D arrangement 
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Max. stresses in sheet 


 


σmax=209 MPa 
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4. Dump Tank EC BA311 
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4.1 Main frame – I profile 
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Girder element 102 
---------------------------------------------------------------------------------------------------------------------------------------- 


CODE:    PN-EN 1993-1:2006/AC:2009,  Eurocode 3: Design of steel structures. 
ANALYSIS TYPE:   Member Verification 


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


CODE GROUP:        


MEMBER:   102  Girder_102 POINT:   1                                  COORDINATE:   x = 0.02 L = 100 mm 


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


LOADS: 
Governing Load Case:   3 ULS  (2+1)*1.35+5*1.50 


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


MATERIAL: 
S 235  ( S 235 )       fy = 235 MPa            


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


   SECTION PARAMETERS:  IPE 240 


h=24.0 cm gM0=1.00 gM1=1.00 


b=12.0 cm  Ay=27.31 cm2  Az=19.14 cm2  Ax=39.12 cm2  


tw=0.6 cm  Iy=3891.63 cm4  Iz=283.63 cm4  Ix=11.60 cm4  


tf=1.0 cm  Wply=366.68 cm3  Wplz=73.93 cm3  


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


INTERNAL FORCES AND CAPACITIES: 
N,Ed = -140.12 kN   My,Ed = -57.09 kN*m  Mz,Ed = 0.41 kN*m  Vy,Ed = 0.64 kN 


Nt,Rd = 919.23 kN  My,pl,Rd = 86.17 kN*m  Mz,pl,Rd = 17.37 kN*m Vy,T,Rd = 366.22 kN 


  My,c,Rd = 86.17 kN*m  Mz,c,Rd = 17.37 kN*m Vz,Ed = 159.50 kN 


  My,V,Rd = 85.17 kN*m  MN,z,Rd = 17.37 kN*m Vz,T,Rd = 257.82 kN 


   Tt,Ed = 0.05 kN*m 


   Class of section = 1 


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


     LATERAL BUCKLING PARAMETERS:  
----------------------------------------------------------------------------------------------------------------------------------------  


BUCKLING PARAMETERS: 


      About y axis:       About z axis:  
       
----------------------------------------------------------------------------------------------------------------------------- ----------- 
VERIFICATION FORMULAS:  
Section strength check: 


N,Ed/Nt,Rd = 0.15 < 1.00   (6.2.3.(1)) 


My,Ed/My,V,Rd + Mz,Ed/Mz,c,Rd = 0.69 < 1.00   (6.2.8) 


(My,Ed/MN,y,Rd)^ 2.00 + (Mz,Ed/MN,z,Rd)^1.00 = 0.46 < 1.00   (6.2.9.1.(6)) 


Vy,Ed/Vy,T,Rd = 0.00 < 1.00   (6.2.6-7) 


Vz,Ed/Vz,T,Rd = 0.62 < 1.00   (6.2.6-7) 


Tau,ty,Ed/(fy/(sqrt(3)*gM0)) = 0.03 < 1.00   (6.2.6) 


Tau,tz,Ed/(fy/(sqrt(3)*gM0)) = 0.02 < 1.00   (6.2.6) 


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


LIMIT DISPLACEMENTS 


   Deflections   


uy = 0.0 cm  <  uy max = L/350.00 = 1.3 cm Verified 


Governing Load Case:   4 SLS  (1+2+5)*1.00 


uz = 0.1 cm  <  uz max = L/350.00 = 1.3 cm Verified 


Governing Load Case:   4 SLS  (1+2+5)*1.00 


   Displacements  Not analyzed 


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


 


Section OK !!! 
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Upper Column element  436 


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


CODE:    PN-EN 1993-1:2006/AC:2009,  Eurocode 3: Design of steel structures. 
ANALYSIS TYPE:   Member Verification 


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


CODE GROUP:        


MEMBER:   436   POINT:   7                                  COORDINATE:   x = 0.22 L = 450 mm 


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


LOADS: 
Governing Load Case:   3 ULS  (2+1)*1.35+5*1.50 


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


MATERIAL: 
S 235  ( S 235 )       fy = 235 MPa            


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


   SECTION PARAMETERS:  IPE 180 


h=18.0 cm gM0=1.00 gM1=1.00 


b=9.1 cm  Ay=16.21 cm2  Az=11.25 cm2  Ax=23.95 cm2  


tw=0.5 cm  Iy=1316.96 cm4  Iz=100.85 cm4  Ix=4.90 cm4  


tf=0.8 cm  Wply=166.42 cm3  Wplz=34.60 cm3  


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


INTERNAL FORCES AND CAPACITIES: 
N,Ed = 5.17 kN   My,Ed = -19.44 kN*m  Mz,Ed = 0.01 kN*m  Vy,Ed = -0.16 kN 


Nc,Rd = 562.76 kN  My,Ed,max = -19.44 kN*m  Mz,Ed,max = -0.03 kN*m


 Vy,T,Rd = 217.21 kN 


Nb,Rd = 551.77 kN  My,c,Rd = 39.11 kN*m  Mz,c,Rd = 8.13 kN*m Vz,Ed = -82.61 kN 


  My,V,Rd = 39.04 kN*m  MN,z,Rd = 8.13 kN*m Vz,T,Rd = 151.41 kN 


   Tt,Ed = -0.03 kN*m 


   Class of section = 1 


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


     LATERAL BUCKLING PARAMETERS:  
----------------------------------------------------------------------------------------------------------------------------------------  


BUCKLING PARAMETERS: 


      About y axis:       About z axis: 
Ly = 2000 mm  Lam_y = 0.29      


Lcr,y = 2000 mm  Xy = 0.98      


Lamy = 26.97  kyy = 0.90    kyz = 0.54 


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


VERIFICATION FORMULAS:  
Section strength check: 


N,Ed/Nc,Rd = 0.01 < 1.00   (6.2.4.(1)) 


My,Ed/My,V,Rd + Mz,Ed/Mz,c,Rd = 0.50 < 1.00   (6.2.8) 


(My,Ed/MN,y,Rd)^ 2.00 + (Mz,Ed/MN,z,Rd)^1.00 = 0.25 < 1.00   (6.2.9.1.(6)) 


Vy,Ed/Vy,T,Rd = 0.00 < 1.00   (6.2.6-7) 


Vz,Ed/Vz,T,Rd = 0.55 < 1.00   (6.2.6-7) 


Tau,ty,Ed/(fy/(sqrt(3)*gM0)) = 0.03 < 1.00   (6.2.6) 


Tau,tz,Ed/(fy/(sqrt(3)*gM0)) = 0.02 < 1.00   (6.2.6) 


Global stability check of member: 


Lambda,y = 26.97 < Lambda,max = 250.00    STABLE 


N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.46 < 1.00   


(6.3.3.(4)) 


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


LIMIT DISPLACEMENTS 


   Deflections   


uy = 0.0 cm  <  uy max = L/350.00 = 0.6 cm Verified 


Governing Load Case:   4 SLS  (1+2+5)*1.00 


uz = 0.1 cm  <  uz max = L/350.00 = 0.6 cm Verified 


Governing Load Case:   4 SLS  (1+2+5)*1.00 
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   Displacements   


vx = 0.0 cm  <  vx max = L/300.00 = 0.7 cm Verified 


Governing Load Case:   4 SLS  (1+2+5)*1.00 


vy = 0.1 cm  <  vy max = L/300.00 = 0.7 cm Verified 


Governing Load Case:   4 SLS  (1+2+5)*1.00 


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


 


Section OK !!! 
 


 


            


Lower Column element 257 


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


CODE:    PN-EN 1993-1:2006/AC:2009,  Eurocode 3: Design of steel structures. 
ANALYSIS TYPE:   Member Verification 


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


CODE GROUP:        


MEMBER:   257   POINT:   1                                      COORDINATE:   x = 0.00 L = 0 mm 


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


LOADS: 
Governing Load Case:   3 ULS  (2+1)*1.35+5*1.50 


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


MATERIAL: 
S 235  ( S 235 )       fy = 235 MPa            


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


   SECTION PARAMETERS:  IPE 240 


h=24.0 cm gM0=1.00 gM1=1.00 


b=12.0 cm  Ay=27.31 cm2  Az=19.14 cm2  Ax=39.12 cm2  


tw=0.6 cm  Iy=3891.63 cm4  Iz=283.63 cm4  Ix=11.60 cm4  


tf=1.0 cm  Wply=366.68 cm3  Wplz=73.93 cm3  


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


INTERNAL FORCES AND CAPACITIES: 
N,Ed = 89.22 kN   My,Ed = 68.77 kN*m  Mz,Ed = 0.63 kN*m  Vy,Ed = 1.51 kN 


Nc,Rd = 919.23 kN  My,Ed,max = 68.77 kN*m  Mz,Ed,max = 0.63 kN*m Vy,T,Rd = 368.87 kN 


Nb,Rd = 919.23 kN  My,c,Rd = 86.17 kN*m  Mz,c,Rd = 17.37 kN*m Vz,Ed = -84.14 kN 


  MN,y,Rd = 86.17 kN*m  MN,z,Rd = 17.37 kN*m Vz,T,Rd = 258.99 kN 


   Tt,Ed = -0.02 kN*m 


   Class of section = 1 


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


     LATERAL BUCKLING PARAMETERS:  
--------------------------------------------------------------------------------------------------------------------------- ------------- 


BUCKLING PARAMETERS: 


      About y axis:       About z axis: 
Ly = 2110 mm  Lam_y = 0.16      


Lcr,y = 1477 mm  Xy = 1.00      


Lamy = 14.81  kyy = 0.90    kyz = 0.54 


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


VERIFICATION FORMULAS:  
Section strength check: 


N,Ed/Nc,Rd = 0.10 < 1.00   (6.2.4.(1)) 


(My,Ed/MN,y,Rd)^ 2.00 + (Mz,Ed/MN,z,Rd)^1.00 = 0.67 < 1.00   (6.2.9.1.(6)) 


Vy,Ed/Vy,T,Rd = 0.00 < 1.00   (6.2.6-7) 


Vz,Ed/Vz,T,Rd = 0.32 < 1.00   (6.2.6-7) 


Tau,ty,Ed/(fy/(sqrt(3)*gM0)) = 0.01 < 1.00   (6.2.6) 


Tau,tz,Ed/(fy/(sqrt(3)*gM0)) = 0.01 < 1.00   (6.2.6) 


Global stability check of member: 


Lambda,y = 14.81 < Lambda,max = 250.00    STABLE 
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N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.83 < 1.00   


(6.3.3.(4)) 


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


LIMIT DISPLACEMENTS 


   Deflections   


uy = 0.0 cm  <  uy max = L/350.00 = 0.6 cm Verified 


Governing Load Case:   4 SLS  (1+2+5)*1.00 


uz = 0.1 cm  <  uz max = L/350.00 = 0.6 cm Verified 


Governing Load Case:   4 SLS  (1+2+5)*1.00 


   Displacements   


vx = 0.0 cm  <  vx max = L/300.00 = 0.7 cm Verified 


Governing Load Case:   4 SLS  (1+2+5)*1.00 


vy = 0.2 cm  <  vy max = L/300.00 = 0.7 cm Verified 


Governing Load Case:   4 SLS  (1+2+5)*1.00 


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


 


Section OK !!! 


 
 
Middle Column element  234 


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


CODE:    PN-EN 1993-1:2006/AC:2009,  Eurocode 3: Design of steel structures. 
ANALYSIS TYPE:   Member Verification 


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


CODE GROUP:        


MEMBER:   234  Column_double_middle_234 POINT:   2 COORDINATE:   
x = 0.17 L = 48 mm 


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


LOADS: 
Governing Load Case:   3 ULS  (2+1)*1.35+5*1.50 


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


MATERIAL: 
S 235  ( S 235 )       fy = 235 MPa            


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


   SECTION PARAMETERS:  RO 88.9x5 


h=8.9 cm gM0=1.00 gM1=1.00 


  Ay=8.40 cm2  Az=8.40 cm2  Ax=13.20 cm2  


tw=0.5 cm  Iy=116.00 cm4  Iz=116.00 cm4  Ix=231.92 cm4  


  Wply=35.24 cm3  Wplz=35.24 cm3  


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


INTERNAL FORCES AND CAPACITIES: 
N,Ed = 175.87 kN   My,Ed = -0.03 kN*m  Mz,Ed = 0.29 kN*m  Vy,Ed = -6.04 kN 


Nc,Rd = 310.20 kN  My,Ed,max = -0.15 kN*m  Mz,Ed,max = 1.75 kN*m Vy,c,Rd = 114.01 kN 


Nb,Rd = 306.06 kN  My,c,Rd = 8.28 kN*m  Mz,c,Rd = 8.28 kN*m Vz,Ed = -0.52 kN 


  MN,y,Rd = 5.13 kN*m  MN,z,Rd = 5.13 kN*m Vz,c,Rd = 114.01 kN 


   Class of section = 1 


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


     LATERAL BUCKLING PARAMETERS:  
----------------------------------------------------------------------------------------------------------------------------------------  


BUCKLING PARAMETERS: 


      About y axis:       About z axis: 
Ly = 290 mm  Lam_y = 0.25  Lz = 290 mm  Lam_z = 0.26  


Lcr,y = 683 mm  Xy = 0.99  Lcr,z = 724 mm  Xz = 0.99  


Lamy = 23.04  kzy = 0.55  Lamz = 24.43  kzz = 0.90 


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


VERIFICATION FORMULAS:  
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Section strength check: 


N,Ed/Nc,Rd = 0.57 < 1.00   (6.2.4.(1)) 


(My,Ed/MN,y,Rd)^ 2.00 + (Mz,Ed/MN,z,Rd)^2.00 = 0.00 < 1.00   (6.2.9.1.(6)) 


Vy,Ed/Vy,c,Rd = 0.05 < 1.00   (6.2.6.(1)) 


Vz,Ed/Vz,c,Rd = 0.00 < 1.00   (6.2.6.(1)) 


Global stability check of member: 


Lambda,y = 23.04 < Lambda,max = 250.00          Lambda,z = 24.43 < Lambda,max = 250.00    STABLE 


N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.70 < 1.00   


(6.3.3.(4)) 


N,Ed/(Xz*N,Rk/gM1) + kzy*My,Ed,max/(XLT*My,Rk/gM1) + kzz*Mz,Ed,max/(Mz,Rk/gM1) = 0.77 < 1.00   


(6.3.3.(4)) 


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


LIMIT DISPLACEMENTS 


   Deflections  Not analyzed 


   Displacements   


vx = 0.0 cm  <  vx max = L/300.00 = 0.1 cm Verified 


Governing Load Case:   4 SLS  (1+2+5)*1.00 


vy = 0.0 cm  <  vy max = L/300.00 = 0.1 cm Verified 


Governing Load Case:   4 SLS  (1+2+5)*1.00 


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


Section OK !!! 


 


 


Tie-beam element 247 


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


CODE:    PN-EN 1993-1:2006/AC:2009,  Eurocode 3: Design of steel structures. 
ANALYSIS TYPE:   Member Verification 


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


CODE GROUP:        


MEMBER:   247  Tie-beam_247 POINT:   4 COORDINATE:   x = 0.50 L = 


2200 mm 


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


LOADS: 
Governing Load Case:   3 ULS  (2+1)*1.35+5*1.50 


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


MATERIAL: 
S 235  ( S 235 )       fy = 235 MPa            


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


   SECTION PARAMETERS:  RO 76.1x5 


h=7.6 cm gM0=1.00 gM1=1.00 


  Ay=7.13 cm2  Az=7.13 cm2  Ax=11.20 cm2  


tw=0.5 cm  Iy=70.90 cm4  Iz=70.90 cm4  Ix=141.15 cm4  


  Wply=25.32 cm3  Wplz=25.32 cm3  


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


INTERNAL FORCES AND CAPACITIES: 
N,Ed = -132.62 kN   My,Ed = 0.24 kN*m  Mz,Ed = -0.09 kN*m  Vy,Ed = -0.00 kN 


Nt,Rd = 263.20 kN  My,pl,Rd = 5.95 kN*m  Mz,pl,Rd = 5.95 kN*m Vy,T,Rd = 96.74 kN 


  My,c,Rd = 5.95 kN*m  Mz,c,Rd = 5.95 kN*m Vz,Ed = -0.01 kN 


  MN,y,Rd = 4.09 kN*m  MN,z,Rd = 4.09 kN*m Vz,T,Rd = 96.74 kN 


   Tt,Ed = 0.00 kN*m 


   Class of section = 1 


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


     LATERAL BUCKLING PARAMETERS:  
---------------------------------------------------------------------------------------------------------------------------------------- 


BUCKLING PARAMETERS: 


      About y axis:       About z axis:  
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---------------------------------------------------------------------------------------------------------------------------------------- 
VERIFICATION FORMULAS:  
Section strength check: 


N,Ed/Nt,Rd = 0.50 < 1.00   (6.2.3.(1)) 


(My,Ed/MN,y,Rd)^ 2.00 + (Mz,Ed/MN,z,Rd)^2.00 = 0.00 < 1.00   (6.2.9.1.(6)) 


Vy,Ed/Vy,T,Rd = 0.00 < 1.00   (6.2.6-7) 


Vz,Ed/Vz,T,Rd = 0.00 < 1.00   (6.2.6-7) 


Tau,ty,Ed/(fy/(sqrt(3)*gM0)) = 0.00 < 1.00   (6.2.6) 


Tau,tz,Ed/(fy/(sqrt(3)*gM0)) = 0.00 < 1.00   (6.2.6) 


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


 


Section OK !!! 


 


 


Girder - element 515 
 
---------------------------------------------------------------------------------------------------------------------------------------- 


CODE:    PN-EN 1993-1:2006/AC:2009,  Eurocode 3: Design of steel structures. 
ANALYSIS TYPE:   Member Verification 


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


CODE GROUP:        


MEMBER:   515  Girder_01_515 POINT:   7 COORDINATE:   x = 1.00 L = 141 


mm 


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


LOADS: 
Governing Load Case:   3 ULS  (2+1)*1.35+5*1.50 


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


MATERIAL: 
S 235  ( S 235 )       fy = 235 MPa            


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


   SECTION PARAMETERS:  pl_8x80 


h=8.0 cm gM0=1.00 gM1=1.00 


b=0.8 cm  Ay=6.40 cm2  Az=6.40 cm2  Ax=6.40 cm2  


tw=0.4 cm  Iy=34.13 cm4  Iz=0.34 cm4  Ix=1.28 cm4  


tf=0.4 cm  Wply=12.80 cm3  Wplz=1.28 cm3  


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


INTERNAL FORCES AND CAPACITIES: 
N,Ed = -53.26 kN   My,Ed = -0.48 kN*m  Mz,Ed = -0.00 kN*m  Vy,Ed = 0.04 kN 


Nt,Rd = 150.40 kN  My,pl,Rd = 3.01 kN*m  Mz,pl,Rd = 0.30 kN*m Vy,T,Rd = 86.56 kN 


  My,c,Rd = 3.01 kN*m  Mz,c,Rd = 0.30 kN*m Vz,Ed = 4.29 kN 


  MN,y,Rd = 2.59 kN*m  MN,z,Rd = 0.19 kN*m Vz,T,Rd = 86.56 kN 


   Tt,Ed = -0.00 kN*m 


   Class of section = 1 


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


     LATERAL BUCKLING PARAMETERS:  
----------------------------------------------------------------------------------------------------------------- ----------------------- 


BUCKLING PARAMETERS: 


      About y axis:       About z axis:  
       
---------------------------------------------------------------------------------------------------------------------------- ------------ 
VERIFICATION FORMULAS:  
Section strength check: 


N,Ed/Nt,Rd = 0.35 < 1.00   (6.2.3.(1)) 


(My,Ed/MN,y,Rd)^ 1.93 + (Mz,Ed/MN,z,Rd)^1.93 = 0.04 < 1.00   (6.2.9.1.(6)) 


Vy,Ed/Vy,T,Rd = 0.00 < 1.00   (6.2.6-7) 


Vz,Ed/Vz,T,Rd = 0.05 < 1.00   (6.2.6-7) 


Tau,ty,Ed/(fy/(sqrt(3)*gM0)) = 0.00 < 1.00   (6.2.6) 


Tau,tz,Ed/(fy/(sqrt(3)*gM0)) = 0.00 < 1.00   (6.2.6) 







PROMAR 
Design Office 
 


Project: 
BMW Dingolfing 


Page: 
44 
 


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


LIMIT DISPLACEMENTS 


   Deflections   


uy = 0.0 cm  <  uy max = L/350.00 = 0.0 cm Verified 


Governing Load Case:   4 SLS  (1+2+5)*1.00 


uz = 0.0 cm  <  uz max = L/350.00 = 0.0 cm Verified 


Governing Load Case:   4 SLS  (1+2+5)*1.00 


   Displacements  Not analyzed 


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


 


Section OK !!!  
 


  


4.2 Main frame – U profile 
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Girder element 104 


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


CODE:    PN-EN 1993-1:2006/AC:2009,  Eurocode 3: Design of steel structures. 
ANALYSIS TYPE:   Member Verification 


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


CODE GROUP:        


MEMBER:   104  Girder_104 POINT:   1 COORDINATE:   x = 0.00 L = 0 


mm 


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


LOADS: 
Governing Load Case:   3 ULS  (2+1)*1.35+5*1.50 


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


MATERIAL: 
S 235  ( S 235 )       fy = 235 MPa            


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


   SECTION PARAMETERS:  2 UPN 180 


h=18.0 cm gM0=1.00 gM1=1.00 


b=14.0 cm  Ay=30.80 cm2  Az=28.80 cm2  Ax=55.65 cm2  


tw=0.8 cm  Iy=2707.22 cm4  Iz=434.15 cm4  Ix=17.48 cm4  


tf=1.1 cm  Wply=358.16 cm3  Wplz=107.35 cm3  


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


INTERNAL FORCES AND CAPACITIES: 
N,Ed = -45.09 kN   My,Ed = -50.25 kN*m  Mz,Ed = 0.00 kN*m  Vy,Ed = -1.24 kN 


Nt,Rd = 1307.84 kN  My,pl,Rd = 84.17 kN*m  Mz,pl,Rd = 25.23 kN*m Vy,T,Rd = 417.89 kN 


  My,c,Rd = 84.17 kN*m  Mz,c,Rd = 25.23 kN*m Vz,Ed = 81.06 kN 


  MN,y,Rd = 84.07 kN*m  MN,z,Rd = 25.20 kN*m Vz,T,Rd = 390.75 kN 


   Tt,Ed = -0.00 kN*m 


   Class of section = 1 


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


     LATERAL BUCKLING PARAMETERS:  
---------------------------------------------------------------------------------------------------------------------------------------- 


BUCKLING PARAMETERS: 


      About y axis:       About z axis:  
       
----------------------------------------------------------------------------------------------------- ----------------------------------- 
VERIFICATION FORMULAS:  
Section strength check: 


N,Ed/Nt,Rd = 0.03 < 1.00   (6.2.3.(1)) 


(My,Ed/MN,y,Rd)^ 1.00 + (Mz,Ed/MN,z,Rd)^1.00 = 0.60 < 1.00   (6.2.9.1.(6)) 


Vy,Ed/Vy,c,Rd = 0.00 < 1.00   (6.2.6.(1)) 


Vz,Ed/Vz,c,Rd = 0.21 < 1.00   (6.2.6.(1)) 


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


LIMIT DISPLACEMENTS 


   Deflections   


uy = 0.0 cm  <  uy max = L/350.00 = 1.3 cm Verified 


Governing Load Case:   4 SLS  (1+2+5)*1.00 


uz = 0.1 cm  <  uz max = L/350.00 = 1.3 cm Verified 


Governing Load Case:   4 SLS  (1+2+5)*1.00 


   Displacements  Not analyzed 


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


 


Section OK !!! 
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Upper Column element 72 


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


CODE:    PN-EN 1993-1:2006/AC:2009,  Eurocode 3: Design of steel structures. 
ANALYSIS TYPE:   Member Verification 


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


CODE GROUP:        


MEMBER:   72   POINT:   1                                  COORDINATE:   x = 0.22 L = 450 mm 


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


LOADS: 
Governing Load Case:   3 ULS  (2+1)*1.35+5*1.50 


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


MATERIAL: 
S 235  ( S 235 )       fy = 235 MPa            


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


   SECTION PARAMETERS:  2 UPN 140 


h=14.0 cm gM0=1.00 gM1=1.00 


b=12.0 cm  Ay=24.00 cm2  Az=19.60 cm2  Ax=40.54 cm2  


tw=0.7 cm  Iy=1209.35 cm4  Iz=250.00 cm4  Ix=10.51 cm4  


tf=1.0 cm  Wply=205.50 cm3  Wplz=71.18 cm3  


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


INTERNAL FORCES AND CAPACITIES: 
N,Ed = 8.00 kN   My,Ed = 15.82 kN*m  Mz,Ed = -0.00 kN*m  Vy,Ed = -0.05 kN 


Nc,Rd = 952.65 kN  My,Ed,max = 15.82 kN*m  Mz,Ed,max = 0.02 kN*m Vy,T,Rd = 325.63 kN 


Nb,Rd = 859.91 kN  My,c,Rd = 48.29 kN*m  Mz,c,Rd = 16.73 kN*m Vz,Ed = -37.09 kN 


  MN,y,Rd = 48.29 kN*m  MN,z,Rd = 16.73 kN*m Vz,T,Rd = 265.93 kN 


   Tt,Ed = 0.01 kN*m 


   Class of section = 1 


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


     LATERAL BUCKLING PARAMETERS:  
----------------------------------------------------------------------------------------------------------------------------------------  


BUCKLING PARAMETERS: 


      About y axis:       About z axis: 
Ly = 2000 mm  Lam_y = 0.39      


Lcr,y = 2000 mm  Xy = 0.90      


Lamy = 36.62  kyy = 0.90    kyz = 0.54 


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


VERIFICATION FORMULAS:  
Section strength check: 


N,Ed/Nc,Rd = 0.01 < 1.00   (6.2.4.(1)) 


(My,Ed/MN,y,Rd)^ 1.00 + (Mz,Ed/MN,z,Rd)^1.00 = 0.33 < 1.00   (6.2.9.1.(6)) 


Vy,Ed/Vy,c,Rd = 0.00 < 1.00   (6.2.6.(1)) 


Vz,Ed/Vz,c,Rd = 0.14 < 1.00   (6.2.6.(1)) 


Global stability check of member: 


Lambda,y = 36.62 < Lambda,max = 250.00    STABLE 


N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.31 < 1.00   


(6.3.3.(4)) 


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


LIMIT DISPLACEMENTS 


   Deflections   


uy = 0.0 cm  <  uy max = L/350.00 = 0.6 cm Verified 


Governing Load Case:   4 SLS  (1+2+5)*1.00 


uz = 0.1 cm  <  uz max = L/350.00 = 0.6 cm Verified 


Governing Load Case:   4 SLS  (1+2+5)*1.00 


   Displacements   


vx = 0.0 cm  <  vx max = L/300.00 = 0.7 cm Verified 


Governing Load Case:   4 SLS  (1+2+5)*1.00 
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vy = 0.1 cm  <  vy max = L/300.00 = 0.7 cm Verified 


Governing Load Case:   4 SLS  (1+2+5)*1.00 


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


 


Section OK !!! 
  


  


  


Lower Column element 96 


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


CODE:    PN-EN 1993-1:2006/AC:2009,  Eurocode 3: Design of steel structures. 
ANALYSIS TYPE:   Member Verification 


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


CODE GROUP:        


MEMBER:   96   POINT:   1 COORDINATE:   x = 0.00 L = 0 


mm 


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


LOADS: 
Governing Load Case:   3 ULS  (2+1)*1.35+5*1.50 


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


MATERIAL: 
S 235  ( S 235 )       fy = 235 MPa            


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


   SECTION PARAMETERS:  2 UPN 200 


h=20.0 cm gM0=1.00 gM1=1.00 


b=15.0 cm  Ay=34.50 cm2  Az=34.00 cm2  Ax=64.05 cm2  


tw=0.9 cm  Iy=3821.00 cm4  Iz=555.68 cm4  Ix=22.06 cm4  


tf=1.1 cm  Wply=455.42 cm3  Wplz=129.05 cm3  


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


INTERNAL FORCES AND CAPACITIES: 
N,Ed = 83.46 kN   My,Ed = -46.98 kN*m  Mz,Ed = 0.46 kN*m  Vy,Ed = 0.87 kN 


Nc,Rd = 1505.06 kN  My,Ed,max = -46.98 kN*m  Mz,Ed,max = 0.46 kN*m


 Vy,T,Rd = 468.09 kN 


Nb,Rd = 1505.06 kN  My,c,Rd = 107.02 kN*m  Mz,c,Rd = 30.33 kN*m Vz,Ed = 51.00 kN 


  MN,y,Rd = 106.69 kN*m  MN,z,Rd = 30.23 kN*m Vz,T,Rd = 461.30 kN 


   Tt,Ed = 0.01 kN*m 


   Class of section = 1 


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


     LATERAL BUCKLING PARAMETERS:  
----------------------------------------------------------------------------------------------------------------------------------------  


BUCKLING PARAMETERS: 


      About y axis:       About z axis: 
Ly = 2060 mm  Lam_y = 0.20      


Lcr,y = 1442 mm  Xy = 1.00      


Lamy = 18.67  kyy = 0.90    kyz = 0.54 


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


VERIFICATION FORMULAS:  
Section strength check: 


N,Ed/Nc,Rd = 0.06 < 1.00   (6.2.4.(1)) 


(My,Ed/MN,y,Rd)^ 1.00 + (Mz,Ed/MN,z,Rd)^1.00 = 0.46 < 1.00   (6.2.9.1.(6)) 


Vy,Ed/Vy,c,Rd = 0.00 < 1.00   (6.2.6.(1)) 


Vz,Ed/Vz,c,Rd = 0.11 < 1.00   (6.2.6.(1)) 


Global stability check of member: 


Lambda,y = 18.67 < Lambda,max = 250.00    STABLE 


N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.46 < 1.00   


(6.3.3.(4)) 


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


LIMIT DISPLACEMENTS 
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   Deflections   


uy = 0.0 cm  <  uy max = L/350.00 = 0.6 cm Verified 


Governing Load Case:   4 SLS  (1+2+5)*1.00 


uz = 0.1 cm  <  uz max = L/350.00 = 0.6 cm Verified 


Governing Load Case:   4 SLS  (1+2+5)*1.00 


   Displacements   


vx = 0.0 cm  <  vx max = L/300.00 = 0.7 cm Verified 


Governing Load Case:   4 SLS  (1+2+5)*1.00 


vy = 0.1 cm  <  vy max = L/300.00 = 0.7 cm Verified 


Governing Load Case:   4 SLS  (1+2+5)*1.00 


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


 


Section OK !!! 
 


  


  


    


Middle Column element 230 


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


CODE:    PN-EN 1993-1:2006/AC:2009,  Eurocode 3: Design of steel structures. 
ANALYSIS TYPE:   Member Verification 


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


CODE GROUP:        


MEMBER:   230   POINT:   2 COORDINATE:   x = 0.17 L = 57 


mm 


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


LOADS: 
Governing Load Case:   3 ULS  (2+1)*1.35+5*1.50 


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


MATERIAL: 
S 235  ( S 235 )       fy = 235 MPa            


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


   SECTION PARAMETERS:  2 UPN 100 


h=10.0 cm gM0=1.00 gM1=1.00 


b=10.0 cm  Ay=17.00 cm2  Az=12.00 cm2  Ax=26.76 cm2  


tw=0.6 cm  Iy=410.61 cm4  Iz=122.71 cm4  Ix=5.17 cm4  


tf=0.9 cm  Wply=97.90 cm3  Wplz=41.51 cm3  


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


INTERNAL FORCES AND CAPACITIES: 
N,Ed = 160.21 kN   My,Ed = 1.06 kN*m  Mz,Ed = -0.00 kN*m  Vy,Ed = 0.02 kN 


Nc,Rd = 628.87 kN  My,Ed,max = 6.38 kN*m  Mz,Ed,max = -0.01 kN*m Vy,c,Rd = 230.65 kN 


Nb,Rd = 556.77 kN  My,c,Rd = 23.01 kN*m  Mz,c,Rd = 9.75 kN*m Vz,Ed = 18.78 kN 


  MN,y,Rd = 21.51 kN*m  MN,z,Rd = 9.12 kN*m Vz,c,Rd = 162.81 kN 


   Class of section = 1 


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


     LATERAL BUCKLING PARAMETERS:  
----------------------------------------------------------------------------------------------------------------------------------------  


BUCKLING PARAMETERS: 


      About y axis:       About z axis: 
Ly = 340 mm  Lam_y = 0.27  Lz = 340 mm  Lam_z = 0.42  


Lcr,y = 1003 mm  Xy = 0.96  Lcr,z = 850 mm  Xz = 0.89  


Lamy = 25.61  kyy = 0.92  Lamz = 39.68  kyz = 0.58 


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


VERIFICATION FORMULAS:  
Section strength check: 


N,Ed/Nc,Rd = 0.25 < 1.00   (6.2.4.(1)) 
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(My,Ed/MN,y,Rd)^ 1.00 + (Mz,Ed/MN,z,Rd)^1.00 = 0.05 < 1.00   (6.2.9.1.(6)) 


Vy,Ed/Vy,c,Rd = 0.00 < 1.00   (6.2.6.(1)) 


Vz,Ed/Vz,c,Rd = 0.12 < 1.00   (6.2.6.(1)) 


Global stability check of member: 


Lambda,y = 25.61 < Lambda,max = 250.00          Lambda,z = 39.68 < Lambda,max = 250.00    STABLE 


N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.52 < 1.00   


(6.3.3.(4)) 


N,Ed/(Xz*N,Rk/gM1) + kzy*My,Ed,max/(XLT*My,Rk/gM1) + kzz*Mz,Ed,max/(Mz,Rk/gM1) = 0.44 < 1.00   


(6.3.3.(4)) 


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


LIMIT DISPLACEMENTS 


   Deflections  Not analyzed 


   Displacements   


vx = 0.0 cm  <  vx max = L/300.00 = 0.1 cm Verified 


Governing Load Case:   4 SLS  (1+2+5)*1.00 


vy = 0.0 cm  <  vy max = L/300.00 = 0.1 cm Verified 


Governing Load Case:   4 SLS  (1+2+5)*1.00 


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


 


Section OK !!! 
 


 


   


Tie-beam element 245 


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


CODE:    PN-EN 1993-1:2006/AC:2009,  Eurocode 3: Design of steel structures. 
ANALYSIS TYPE:   Member Verification 


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


CODE GROUP:        


MEMBER:   245  Tie-beam_245 POINT:   7 COORDINATE:   x = 1.00 L = 


4400 mm 


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


LOADS: 
Governing Load Case:   3 ULS  (2+1)*1.35+5*1.50 


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


MATERIAL: 
S 235  ( S 235 )       fy = 235 MPa            


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


   SECTION PARAMETERS:  RO 76.1x5 


h=7.6 cm gM0=1.00 gM1=1.00 


  Ay=7.13 cm2  Az=7.13 cm2  Ax=11.20 cm2  


tw=0.5 cm  Iy=70.90 cm4  Iz=70.90 cm4  Ix=141.15 cm4  


  Wply=25.32 cm3  Wplz=25.32 cm3  


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


INTERNAL FORCES AND CAPACITIES: 
N,Ed = -96.60 kN   My,Ed = -0.18 kN*m  Mz,Ed = -0.00 kN*m  Vy,Ed = -0.00 kN 


Nt,Rd = 263.20 kN  My,pl,Rd = 5.95 kN*m  Mz,pl,Rd = 5.95 kN*m Vy,T,Rd = 96.74 kN 


  My,c,Rd = 5.95 kN*m  Mz,c,Rd = 5.95 kN*m Vz,Ed = -0.29 kN 


  MN,y,Rd = 4.87 kN*m  MN,z,Rd = 4.87 kN*m Vz,T,Rd = 96.74 kN 


   Tt,Ed = -0.00 kN*m 


   Class of section = 1 


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


     LATERAL BUCKLING PARAMETERS:  
----------------------------------------------------------------------------------------------------------------------------------------  


BUCKLING PARAMETERS: 


      About y axis:       About z axis:  
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---------------------------------------------------------------------------------------------------------------------------------------- 
VERIFICATION FORMULAS:  
Section strength check: 


N,Ed/Nt,Rd = 0.37 < 1.00   (6.2.3.(1)) 


(My,Ed/MN,y,Rd)^ 2.00 + (Mz,Ed/MN,z,Rd)^2.00 = 0.00 < 1.00   (6.2.9.1.(6)) 


Vy,Ed/Vy,T,Rd = 0.00 < 1.00   (6.2.6-7) 


Vz,Ed/Vz,T,Rd = 0.00 < 1.00   (6.2.6-7) 


Tau,ty,Ed/(fy/(sqrt(3)*gM0)) = 0.00 < 1.00   (6.2.6) 


Tau,tz,Ed/(fy/(sqrt(3)*gM0)) = 0.00 < 1.00   (6.2.6) 


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


 


Section OK !!! 
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4.3 Stiffeners in walls and bottom. 


 


Arrangement of stiffeners in front walls 
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Arrangement of stiffeners in side walls 
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Arrangements of stiffeners in bottom 
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Arrangement of tie-beams 
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Wall stiffener – column element 5 
 
---------------------------------------------------------------------------------------------------------------------------------------- 


CODE:    PN-EN 1993-1:2006/AC:2009,  Eurocode 3: Design of steel structures. 
ANALYSIS TYPE:   Member Verification 


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


CODE GROUP:        


MEMBER:   5  Stiffener_02_5 POINT:   1 COORDINATE:   x = 0.03 L = 100 


mm 


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


LOADS: 
Governing Load Case:   3 ULS  (2+1)*1.35+5*1.50 


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


MATERIAL: 
S 235  ( S 235 )       fy = 235 MPa            


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


   SECTION PARAMETERS:  2 UPN 140 


h=14.0 cm gM0=1.00 gM1=1.00 


b=12.0 cm  Ay=24.00 cm2  Az=19.60 cm2  Ax=40.54 cm2  


tw=0.7 cm  Iy=1209.35 cm4  Iz=250.00 cm4  Ix=10.51 cm4  


tf=1.0 cm  Wply=205.50 cm3  Wplz=71.18 cm3  


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


INTERNAL FORCES AND CAPACITIES: 
N,Ed = -54.93 kN   My,Ed = -38.86 kN*m  Mz,Ed = 0.00 kN*m  Vy,Ed = -0.21 kN 


Nt,Rd = 952.65 kN  My,pl,Rd = 48.29 kN*m  Mz,pl,Rd = 16.73 kN*m Vy,T,Rd = 325.63 kN 


  My,c,Rd = 48.29 kN*m  Mz,c,Rd = 16.73 kN*m Vz,Ed = 58.34 kN 


  MN,y,Rd = 48.13 kN*m  MN,z,Rd = 16.67 kN*m Vz,T,Rd = 265.93 kN 


   Tt,Ed = -0.00 kN*m 


   Class of section = 1 


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


     LATERAL BUCKLING PARAMETERS:  
------------------------------------------------------------------------------------------------------------------------------- --------- 


BUCKLING PARAMETERS: 


      About y axis:       About z axis:  
       
----------------------------------------------------------------------------------------------------------------------------------------  
VERIFICATION FORMULAS:  
Section strength check: 


N,Ed/Nt,Rd = 0.06 < 1.00   (6.2.3.(1)) 


(My,Ed/MN,y,Rd)^ 1.00 + (Mz,Ed/MN,z,Rd)^1.00 = 0.81 < 1.00   (6.2.9.1.(6)) 


Vy,Ed/Vy,c,Rd = 0.00 < 1.00   (6.2.6.(1)) 


Vz,Ed/Vz,c,Rd = 0.22 < 1.00   (6.2.6.(1)) 


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


LIMIT DISPLACEMENTS 


   Deflections   


uy = 0.0 cm  <  uy max = L/350.00 = 1.1 cm Verified 


Governing Load Case:   4 SLS  (1+2+5)*1.00 


uz = 0.7 cm  <  uz max = L/350.00 = 1.1 cm Verified 


Governing Load Case:   4 SLS  (1+2+5)*1.00 


   Displacements  Not analyzed 


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


 


Section OK !!! 
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Wall stiffener – column element 3 


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


CODE:    PN-EN 1993-1:2006/AC:2009,  Eurocode 3: Design of steel structures. 
ANALYSIS TYPE:   Member Verification 


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


CODE GROUP:        


MEMBER:   3  Stiffener_02_3 POINT:   7                                 COORDINATE:   x = 0.03 L = 100 mm 


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


LOADS: 
Governing Load Case:   3 ULS  (2+1)*1.35+5*1.50 


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


MATERIAL: 
S 235  ( S 235 )       fy = 235 MPa            


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


   SECTION PARAMETERS:  IPE 140 


h=14.0 cm gM0=1.00 gM1=1.00 


b=7.3 cm  Ay=11.15 cm2  Az=7.64 cm2  Ax=16.43 cm2  


tw=0.5 cm  Iy=541.22 cm4  Iz=44.92 cm4  Ix=2.54 cm4  


tf=0.7 cm  Wply=88.35 cm3  Wplz=19.25 cm3  


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


INTERNAL FORCES AND CAPACITIES: 
N,Ed = 55.94 kN   My,Ed = 7.07 kN*m  Mz,Ed = -0.02 kN*m  Vy,Ed = 0.20 kN 


Nc,Rd = 386.01 kN  My,Ed,max = 7.13 kN*m  Mz,Ed,max = 0.06 kN*m Vy,c,Rd = 151.32 kN 


Nb,Rd = 322.88 kN  My,c,Rd = 20.76 kN*m  Mz,c,Rd = 4.52 kN*m Vz,Ed = 70.71 kN 


  My,V,Rd = 20.18 kN*m  MN,z,Rd = 4.52 kN*m Vz,c,Rd = 103.69 kN 


   Class of section = 1 


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


     LATERAL BUCKLING PARAMETERS:  
----------------------------------------------------------------------------------------------------------------------------- ----------- 


BUCKLING PARAMETERS: 


      About y axis:       About z axis: 
Ly = 3900 mm  Lam_y = 0.72      


Lcr,y = 3900 mm  Xy = 0.84      


Lamy = 67.94  kyy = 0.98    kyz = 0.54 


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


VERIFICATION FORMULAS:  
Section strength check: 


N,Ed/Nc,Rd = 0.14 < 1.00   (6.2.4.(1)) 


My,Ed/My,V,Rd + Mz,Ed/Mz,c,Rd = 0.35 < 1.00   (6.2.8) 


(My,Ed/MN,y,Rd)^ 2.00 + (Mz,Ed/MN,z,Rd)^1.00 = 0.12 < 1.00   (6.2.9.1.(6)) 


Vy,Ed/Vy,c,Rd = 0.00 < 1.00   (6.2.6.(1)) 


Vz,Ed/Vz,c,Rd = 0.68 < 1.00   (6.2.6.(1)) 


Global stability check of member: 


Lambda,y = 67.94 < Lambda,max = 250.00    STABLE 


N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.52 < 1.00   


(6.3.3.(4)) 


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


LIMIT DISPLACEMENTS 


   Deflections   


uy = 0.0 cm  <  uy max = L/350.00 = 1.1 cm Verified 


Governing Load Case:   4 SLS  (1+2+5)*1.00 


uz = 0.4 cm  <  uz max = L/350.00 = 1.1 cm Verified 


Governing Load Case:   4 SLS  (1+2+5)*1.00 


   Displacements  Not analyzed 


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


Section OK !!! 
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Wall stiffener element 298 
 
----------------------------------------------------------------------------------------------------------------------------- ----------- 


CODE:    PN-EN 1993-1:2006/AC:2009,  Eurocode 3: Design of steel structures. 
ANALYSIS TYPE:   Member Verification 


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


CODE GROUP:        


MEMBER:   298  Stiffener_01_298 POINT:   1                                     COORDINATE:   x = 0.00 L = 0 mm 


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


LOADS: 
Governing Load Case:   3 ULS  (2+1)*1.35+5*1.50 


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


MATERIAL: 
S 235  ( S 235 )       fy = 235 MPa            


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


   SECTION PARAMETERS:  [] 140 


h=14.0 cm gM0=1.00 gM1=1.00 


b=12.0 cm  Ay=24.00 cm2  Az=19.60 cm2  Ax=40.54 cm2  


tw=0.7 cm  Iy=1209.35 cm4  Iz=855.21 cm4  Ix=10.51 cm4  


tf=1.0 cm  Wply=205.50 cm3  Wplz=172.05 cm3  


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


INTERNAL FORCES AND CAPACITIES: 
N,Ed = -0.41 kN   My,Ed = 29.49 kN*m  Mz,Ed = 0.28 kN*m  Vy,Ed = 0.75 kN 


Nt,Rd = 952.65 kN  My,pl,Rd = 48.29 kN*m  Mz,pl,Rd = 40.43 kN*m Vy,T,Rd = 325.63 kN 


  My,c,Rd = 48.29 kN*m  Mz,c,Rd = 40.43 kN*m Vz,Ed = -15.55 kN 


  MN,y,Rd = 48.29 kN*m  MN,z,Rd = 40.43 kN*m Vz,T,Rd = 265.93 kN 


   Tt,Ed = 0.01 kN*m 


   Class of section = 1 


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


     LATERAL BUCKLING PARAMETERS:  
----------------------------------------------------------------------------------------------------------------------------------------  


BUCKLING PARAMETERS: 


      About y axis:       About z axis:  
       
---------------------------------------------------------------------------------------------------------------------------------------- 
VERIFICATION FORMULAS:  
Section strength check: 


N,Ed/Nt,Rd = 0.00 < 1.00   (6.2.3.(1)) 


(My,Ed/MN,y,Rd)^ 1.00 + (Mz,Ed/MN,z,Rd)^1.00 = 0.62 < 1.00   (6.2.9.1.(6)) 


Vy,Ed/Vy,c,Rd = 0.00 < 1.00   (6.2.6.(1)) 


Vz,Ed/Vz,c,Rd = 0.06 < 1.00   (6.2.6.(1)) 


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


LIMIT DISPLACEMENTS 


   Deflections   


uy = 0.0 cm  <  uy max = L/250.00 = 0.5 cm Verified 


Governing Load Case:   4 SLS  (1+2+5)*1.00 


uz = 0.1 cm  <  uz max = L/250.00 = 0.5 cm Verified 


Governing Load Case:   4 SLS  (1+2+5)*1.00 


   Displacements  Not analyzed 


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


 


Section OK !!! 
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Wall stiffener element 215 


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


CODE:    PN-EN 1993-1:2006/AC:2009,  Eurocode 3: Design of steel structures. 
ANALYSIS TYPE:   Member Verification 


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


CODE GROUP:        


MEMBER:   215  Stiffener_01_215 POINT:   7 COORDINATE:   x = 1.00 L = 


2500 mm 


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


LOADS: 
Governing Load Case:   3 ULS  (2+1)*1.35+5*1.50 


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


MATERIAL: 
S 235  ( S 235 )       fy = 235 MPa            


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


   SECTION PARAMETERS:  UPN 100 


h=10.0 cm gM0=1.00 gM1=1.00 


b=5.0 cm  Ay=9.42 cm2  Az=6.11 cm2  Ax=13.38 cm2  


tw=0.6 cm  Iy=205.30 cm4  Iz=29.16 cm4  Ix=2.58 cm4  


tf=0.9 cm  Wply=48.95 cm3  Wplz=16.21 cm3  


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


INTERNAL FORCES AND CAPACITIES: 
N,Ed = -7.15 kN   My,Ed = 9.32 kN*m  Mz,Ed = -0.02 kN*m  Vy,Ed = 0.23 kN 


Nt,Rd = 314.43 kN  My,pl,Rd = 11.50 kN*m  Mz,pl,Rd = 3.81 kN*m Vy,T,Rd = 122.62 kN 


  My,c,Rd = 11.50 kN*m  Mz,c,Rd = 3.81 kN*m Vz,Ed = 17.40 kN 


  MN,y,Rd = 11.50 kN*m  MN,z,Rd = 3.81 kN*m Vz,T,Rd = 80.57 kN 


   Tt,Ed = -0.04 kN*m 


   Class of section = 1 


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


     LATERAL BUCKLING PARAMETERS:  
----------------------------------------------------------------------------------------------------------------------------------------  


BUCKLING PARAMETERS: 


      About y axis:       About z axis:  
       
----------------------------------------------------------------------------------------------------------------------------------------  
VERIFICATION FORMULAS:  
Section strength check: 


N,Ed/Nt,Rd = 0.02 < 1.00   (6.2.3.(1)) 


(My,Ed/MN,y,Rd)^ 1.00 + (Mz,Ed/MN,z,Rd)^1.00 = 0.82 < 1.00   (6.2.9.1.(6)) 


Vy,Ed/Vy,T,Rd = 0.00 < 1.00   (6.2.6-7) 


Vz,Ed/Vz,T,Rd = 0.22 < 1.00   (6.2.6-7) 


Tau,ty,Ed/(fy/(sqrt(3)*gM0)) = 0.10 < 1.00   (6.2.6) 


Tau,tz,Ed/(fy/(sqrt(3)*gM0)) = 0.07 < 1.00   (6.2.6) 


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


LIMIT DISPLACEMENTS 


   Deflections   


uy = 0.0 cm  <  uy max = L/250.00 = 1.0 cm Verified 


Governing Load Case:   4 SLS  (1+2+5)*1.00 


uz = 0.1 cm  <  uz max = L/250.00 = 1.0 cm Verified 


Governing Load Case:   4 SLS  (1+2+5)*1.00 


   Displacements  Not analyzed 


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


 


Section OK !!! 
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Wall stiffener element 186 
 


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


CODE:    PN-EN 1993-1:2006/AC:2009,  Eurocode 3: Design of steel structures. 
ANALYSIS TYPE:   Member Verification 


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


CODE GROUP:        


MEMBER:   186  Stiffener_01_186 POINT:   7 COORDINATE:   x = 0.38 L = 940 


mm 


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


LOADS: 
Governing Load Case:   3 ULS  (2+1)*1.35+5*1.50 


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


MATERIAL: 
S 235  ( S 235 )       fy = 235 MPa            


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


   SECTION PARAMETERS:  UPN 140 


h=14.0 cm gM0=1.00 gM1=1.00 


b=6.0 cm  Ay=13.27 cm2  Az=9.97 cm2  Ax=20.27 cm2  


tw=0.7 cm  Iy=604.67 cm4  Iz=62.51 cm4  Ix=5.25 cm4  


tf=1.0 cm  Wply=102.75 cm3  Wplz=28.35 cm3  


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


INTERNAL FORCES AND CAPACITIES: 
N,Ed = -13.29 kN   My,Ed = 14.55 kN*m  Mz,Ed = -0.06 kN*m  Vy,Ed = 0.80 kN 


Nt,Rd = 476.33 kN  My,pl,Rd = 24.15 kN*m  Mz,pl,Rd = 6.66 kN*m Vy,T,Rd = 178.23 kN 


  My,c,Rd = 24.15 kN*m  Mz,c,Rd = 6.66 kN*m Vz,Ed = 21.95 kN 


  MN,y,Rd = 24.13 kN*m  MN,z,Rd = 6.66 kN*m Vz,T,Rd = 134.31 kN 


   Tt,Ed = -0.02 kN*m 


   Class of section = 1 


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


     LATERAL BUCKLING PARAMETERS:  
----------------------------------------------------------------------------------------------------- ----------------------------------- 


BUCKLING PARAMETERS: 


      About y axis:       About z axis:  
       
---------------------------------------------------------------------------------------------------------------- ------------------------ 
VERIFICATION FORMULAS:  
Section strength check: 


N,Ed/Nt,Rd = 0.03 < 1.00   (6.2.3.(1)) 


(My,Ed/MN,y,Rd)^ 1.00 + (Mz,Ed/MN,z,Rd)^1.00 = 0.61 < 1.00   (6.2.9.1.(6)) 


Vy,Ed/Vy,T,Rd = 0.00 < 1.00   (6.2.6-7) 


Vz,Ed/Vz,T,Rd = 0.16 < 1.00   (6.2.6-7) 


Tau,ty,Ed/(fy/(sqrt(3)*gM0)) = 0.02 < 1.00   (6.2.6) 


Tau,tz,Ed/(fy/(sqrt(3)*gM0)) = 0.02 < 1.00   (6.2.6) 


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


LIMIT DISPLACEMENTS 


   Deflections   


uy = 0.0 cm  <  uy max = L/250.00 = 1.0 cm Verified 


Governing Load Case:   4 SLS  (1+2+5)*1.00 


uz = 0.5 cm  <  uz max = L/250.00 = 1.0 cm Verified 


Governing Load Case:   4 SLS  (1+2+5)*1.00 


   Displacements  Not analyzed 


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


 


Section OK !!! 
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Wall stiffener element 180 
 
---------------------------------------------------------------------------------------------------------------------------------------- 


CODE:    PN-EN 1993-1:2006/AC:2009,  Eurocode 3: Design of steel structures. 
ANALYSIS TYPE:   Member Verification 


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


CODE GROUP:        


MEMBER:   180  Stiffener_01_180 POINT:   1                                     COORDINATE:   x = 0.00 L = 0 mm 


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


LOADS: 
Governing Load Case:   3 ULS  (2+1)*1.35+5*1.50 


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


MATERIAL: 
S 235  ( S 235 )       fy = 235 MPa            


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


   SECTION PARAMETERS:  UPN 100 


h=10.0 cm gM0=1.00 gM1=1.00 


b=5.0 cm  Ay=9.42 cm2  Az=6.11 cm2  Ax=13.38 cm2  


tw=0.6 cm  Iy=205.30 cm4  Iz=29.16 cm4  Ix=2.58 cm4  


tf=0.9 cm  Wply=48.95 cm3  Wplz=16.21 cm3  


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


INTERNAL FORCES AND CAPACITIES: 
N,Ed = -7.95 kN   My,Ed = -7.94 kN*m  Mz,Ed = -0.03 kN*m  Vy,Ed = -0.29 kN 


Nt,Rd = 314.43 kN  My,pl,Rd = 11.50 kN*m  Mz,pl,Rd = 3.81 kN*m Vy,T,Rd = 126.88 kN 


  My,c,Rd = 11.50 kN*m  Mz,c,Rd = 3.81 kN*m Vz,Ed = 17.37 kN 


  MN,y,Rd = 11.50 kN*m  MN,z,Rd = 3.81 kN*m Vz,T,Rd = 82.51 kN 


   Tt,Ed = -0.01 kN*m 


   Class of section = 1 


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


     LATERAL BUCKLING PARAMETERS:  
----------------------------------------------------------------------------------------------------------------------------------------  


BUCKLING PARAMETERS: 


      About y axis:       About z axis:  
       
----------------------------------------------------------------------------------------------------------------------------------------  
VERIFICATION FORMULAS:  
Section strength check: 


N,Ed/Nt,Rd = 0.03 < 1.00   (6.2.3.(1)) 


(My,Ed/MN,y,Rd)^ 1.00 + (Mz,Ed/MN,z,Rd)^1.00 = 0.70 < 1.00   (6.2.9.1.(6)) 


Vy,Ed/Vy,T,Rd = 0.00 < 1.00   (6.2.6-7) 


Vz,Ed/Vz,T,Rd = 0.21 < 1.00   (6.2.6-7) 


Tau,ty,Ed/(fy/(sqrt(3)*gM0)) = 0.02 < 1.00   (6.2.6) 


Tau,tz,Ed/(fy/(sqrt(3)*gM0)) = 0.01 < 1.00   (6.2.6) 


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


LIMIT DISPLACEMENTS 


   Deflections   


uy = 0.0 cm  <  uy max = L/250.00 = 1.0 cm Verified 


Governing Load Case:   4 SLS  (1+2+5)*1.00 


uz = 0.6 cm  <  uz max = L/250.00 = 1.0 cm Verified 


Governing Load Case:   4 SLS  (1+2+5)*1.00 


   Displacements  Not analyzed 


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


 


Section OK !!! 
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Wall stiffener element 577 


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


CODE:    PN-EN 1993-1:2006/AC:2009,  Eurocode 3: Design of steel structures. 
ANALYSIS TYPE:   Member Verification 


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


CODE GROUP:        


MEMBER:   577  Tie-beam_577 POINT:   1 COORDINATE:   x = 0.00 L = 0 


mm 


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


LOADS: 
Governing Load Case:   3 ULS  (2+1)*1.35+5*1.50 


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


MATERIAL: 
S 235  ( S 235 )       fy = 235 MPa            


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


   SECTION PARAMETERS:  RO 33.7x3.2 


h=3.4 cm gM0=1.00 gM1=1.00 


  Ay=1.95 cm2  Az=1.95 cm2  Ax=3.07 cm2  


tw=0.3 cm  Iy=3.60 cm4  Iz=3.60 cm4  Ix=7.13 cm4  


  Wply=2.99 cm3  Wplz=2.99 cm3  


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


INTERNAL FORCES AND CAPACITIES: 
N,Ed = 1.92 kN   My,Ed = 0.02 kN*m  Mz,Ed = 0.08 kN*m  Vy,Ed = 0.08 kN 


Nc,Rd = 72.14 kN  My,pl,Rd = 0.70 kN*m  Mz,pl,Rd = 0.70 kN*m Vy,T,Rd = 25.76 kN 


Nb,Rd = 72.14 kN  My,c,Rd = 0.70 kN*m  Mz,c,Rd = 0.70 kN*m Vz,Ed = 0.02 kN 


  MN,y,Rd = 0.70 kN*m  MN,z,Rd = 0.70 kN*m Vz,T,Rd = 25.76 kN 


   Tt,Ed = 0.02 kN*m 


   Class of section = 1 


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


     LATERAL BUCKLING PARAMETERS:  
----------------------------------------------------------------------------------------------------------------------------- ----------- 


BUCKLING PARAMETERS: 


      About y axis:       About z axis:  
       
----------------------------------------------------------------------------------------------------------------------------- ----------- 
VERIFICATION FORMULAS:  
Section strength check: 


N,Ed/Nc,Rd = 0.03 < 1.00   (6.2.4.(1)) 


(My,Ed/MN,y,Rd)^ 2.00 + (Mz,Ed/MN,z,Rd)^2.00 = 0.01 < 1.00   (6.2.9.1.(6)) 


Vy,Ed/Vy,T,Rd = 0.00 < 1.00   (6.2.6-7) 


Vz,Ed/Vz,T,Rd = 0.00 < 1.00   (6.2.6-7) 


Tau,ty,Ed/(fy/(sqrt(3)*gM0)) = 0.03 < 1.00   (6.2.6) 


Tau,tz,Ed/(fy/(sqrt(3)*gM0)) = 0.03 < 1.00   (6.2.6) 


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


 


Section OK !!! 
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Bottom stiffener element 407 


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


CODE:    PN-EN 1993-1:2006/AC:2009,  Eurocode 3: Design of steel structures. 
ANALYSIS TYPE:   Member Verification 


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


CODE GROUP:        


MEMBER:   407  Stiffener_01_407 POINT:   1                                     COORDINATE:   x = 0.00 L = 0 mm 


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


LOADS: 
Governing Load Case:   3 ULS  (2+1)*1.35+5*1.50 


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


MATERIAL: 
S 235  ( S 235 )       fy = 235 MPa            


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


SECTION PARAMETERS:  IPE 120 


h=12.0 cm gM0=1.00  gM1=1.00 


b=6.4 cm  Ay=9.10 cm2  Az=6.31 cm2  Ax=13.21 cm2  


tw=0.4 cm  Iy=317.75 cm4  Iz=27.67 cm4  Ix=1.71 cm4  


tf=0.6 cm  Wply=60.73 cm3  Wplz=13.58 cm3  


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


INTERNAL FORCES AND CAPACITIES: 
N,Ed = 1.21 kN   My,Ed = -13.24 kN*m  Mz,Ed = -0.17 kN*m  Vy,Ed = -1.64 kN 


Nc,Rd = 310.44 kN  My,Ed,max = -13.24 kN*m  Mz,Ed,max = -0.17 kN*m


 Vy,T,Rd = 120.65 kN 


Nb,Rd = 282.63 kN  My,c,Rd = 14.27 kN*m  Mz,c,Rd = 3.19 kN*m Vz,Ed = 25.13 kN 


  MN,y,Rd = 14.27 kN*m  MN,z,Rd = 3.19 kN*m Vz,T,Rd = 84.19 kN 


   Tt,Ed = -0.02 kN*m 


   Class of section = 1 


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


LATERAL BUCKLING PARAMETERS:  
---------------------------------------------------------------------------------------------------------------------------------------- 


BUCKLING PARAMETERS: 


      About y axis:       About z axis: 
Ly = 2500 mm  Lam_y = 0.54      


Lcr,y = 2500 mm  Xy = 0.91      


Lamy = 50.98  kyy = 0.90    kyz = 0.54 


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


VERIFICATION FORMULAS:  
Section strength check: 


N,Ed/Nc,Rd = 0.00 < 1.00   (6.2.4.(1)) 


(My,Ed/MN,y,Rd)^ 2.00 + (Mz,Ed/MN,z,Rd)^1.00 = 0.91 < 1.00   (6.2.9.1.(6)) 


Vy,Ed/Vy,T,Rd = 0.01 < 1.00   (6.2.6-7) 


Vz,Ed/Vz,T,Rd = 0.30 < 1.00   (6.2.6-7) 


Tau,ty,Ed/(fy/(sqrt(3)*gM0)) = 0.06 < 1.00   (6.2.6) 


Tau,tz,Ed/(fy/(sqrt(3)*gM0)) = 0.04 < 1.00   (6.2.6) 


Global stability check of member: 


Lambda,y = 50.98 < Lambda,max = 250.00    STABLE 


N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.87 < 1.00   


(6.3.3.(4)) 


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


LIMIT DISPLACEMENTS 


   Deflections   


uy = 0.0 cm  <  uy max = L/250.00 = 1.0 cm Verified 


Governing Load Case:   4 SLS  (1+2+5)*1.00 


uz = 0.2 cm  <  uz max = L/250.00 = 1.0 cm Verified 


Governing Load Case:   4 SLS  (1+2+5)*1.00 


   Displacements  Not analyzed 


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


Section OK !!! 
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Bottom stiffener element 127 


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


CODE:    PN-EN 1993-1:2006/AC:2009,  Eurocode 3: Design of steel structures. 
ANALYSIS TYPE:   Member Verification 


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


CODE GROUP:        


MEMBER:   127  Stiffener_01_127 POINT:   7                               COORDINATE:   x = 1.00 L = 2500 mm 


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


LOADS: 
Governing Load Case:   3 ULS  (2+1)*1.35+5*1.50 


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


MATERIAL: 
S 235  ( S 235 )       fy = 235 MPa            


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


   SECTION PARAMETERS:  2 UPN 140 


h=14.0 cm gM0=1.00 gM1=1.00 


b=12.0 cm  Ay=24.00 cm2  Az=19.60 cm2  Ax=40.54 cm2  


tw=0.7 cm  Iy=1209.35 cm4  Iz=250.00 cm4  Ix=10.51 cm4  


tf=1.0 cm  Wply=205.50 cm3  Wplz=71.18 cm3  


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


INTERNAL FORCES AND CAPACITIES: 
N,Ed = -15.43 kN   My,Ed = 10.80 kN*m  Mz,Ed = 0.02 kN*m  Vy,Ed = -0.13 kN 


Nt,Rd = 952.65 kN  My,pl,Rd = 48.29 kN*m  Mz,pl,Rd = 16.73 kN*m Vy,T,Rd = 325.63 kN 


  My,c,Rd = 48.29 kN*m  Mz,c,Rd = 16.73 kN*m Vz,Ed = 23.58 kN 


  MN,y,Rd = 48.28 kN*m  MN,z,Rd = 16.72 kN*m Vz,T,Rd = 265.93 kN 


   Tt,Ed = 0.02 kN*m 


   Class of section = 1 


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


     LATERAL BUCKLING PARAMETERS:  
------------------------------------------------------------------------------------------------------------------------------------ ---- 


BUCKLING PARAMETERS: 


      About y axis:       About z axis:  
       
----------------------------------------------------------------------------------------------------------------------------- ----------- 
VERIFICATION FORMULAS:  
Section strength check: 


N,Ed/Nt,Rd = 0.02 < 1.00   (6.2.3.(1)) 


(My,Ed/MN,y,Rd)^ 1.00 + (Mz,Ed/MN,z,Rd)^1.00 = 0.22 < 1.00   (6.2.9.1.(6)) 


Vy,Ed/Vy,c,Rd = 0.00 < 1.00   (6.2.6.(1)) 


Vz,Ed/Vz,c,Rd = 0.09 < 1.00   (6.2.6.(1)) 


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


LIMIT DISPLACEMENTS 


   Deflections   


uy = 0.0 cm  <  uy max = L/250.00 = 1.0 cm Verified 


Governing Load Case:   4 SLS  (1+2+5)*1.00 


uz = 0.1 cm  <  uz max = L/250.00 = 1.0 cm Verified 


Governing Load Case:   4 SLS  (1+2+5)*1.00 


   Displacements  Not analyzed 


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


 


Section OK !!! 
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Bottom beam element 123 


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


CODE:    PN-EN 1993-1:2006/AC:2009,  Eurocode 3: Design of steel structures. 
ANALYSIS TYPE:   Member Verification 


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


CODE GROUP:        


MEMBER:   123  Stiffener_01_123 POINT:   7                                  COORDINATE:   x = 0.07 L = 100 mm 


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


LOADS: 
Governing Load Case:   3 ULS  (2+1)*1.35+5*1.50 


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


MATERIAL: 
S 235  ( S 235 )       fy = 235 MPa            


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


   SECTION PARAMETERS:  2 UPN 140 


h=14.0 cm gM0=1.00 gM1=1.00 


b=12.0 cm  Ay=24.00 cm2  Az=19.60 cm2  Ax=40.54 cm2  


tw=0.7 cm  Iy=1209.35 cm4  Iz=250.00 cm4  Ix=10.51 cm4  


tf=1.0 cm  Wply=205.50 cm3  Wplz=71.18 cm3  


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


INTERNAL FORCES AND CAPACITIES: 
N,Ed = 93.16 kN   My,Ed = 38.49 kN*m  Mz,Ed = -0.18 kN*m  Vy,Ed = 1.91 kN 


Nc,Rd = 952.65 kN  My,Ed,max = 40.82 kN*m  Mz,Ed,max = 0.20 kN*m Vy,T,Rd = 325.63 kN 


Nb,Rd = 912.61 kN  My,c,Rd = 48.29 kN*m  Mz,c,Rd = 16.73 kN*m Vz,Ed = 78.86 kN 


  MN,y,Rd = 47.83 kN*m  MN,z,Rd = 16.57 kN*m Vz,T,Rd = 265.93 kN 


   Tt,Ed = -0.01 kN*m 


   Class of section = 1 


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


     LATERAL BUCKLING PARAMETERS:  
---------------------------------------------------------------------------------------------------------------------------------------- 


BUCKLING PARAMETERS: 


      About y axis:       About z axis: 
Ly = 1450 mm  Lam_y = 0.28      


Lcr,y = 1450 mm  Xy = 0.96      


Lamy = 26.55  kyy = 0.91    kyz = 0.54 


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


VERIFICATION FORMULAS:  
Section strength check: 


N,Ed/Nc,Rd = 0.10 < 1.00   (6.2.4.(1)) 


(My,Ed/MN,y,Rd)^ 1.00 + (Mz,Ed/MN,z,Rd)^1.00 = 0.82 < 1.00   (6.2.9.1.(6)) 


Vy,Ed/Vy,c,Rd = 0.01 < 1.00   (6.2.6.(1)) 


Vz,Ed/Vz,c,Rd = 0.30 < 1.00   (6.2.6.(1)) 


Global stability check of member: 


Lambda,y = 26.55 < Lambda,max = 250.00    STABLE 


N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.88 < 1.00   


(6.3.3.(4)) 


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


LIMIT DISPLACEMENTS 


   Deflections   


uy = 0.0 cm  <  uy max = L/250.00 = 0.6 cm Verified 


Governing Load Case:   4 SLS  (1+2+5)*1.00 


uz = 0.1 cm  <  uz max = L/250.00 = 0.6 cm Verified 


Governing Load Case:   4 SLS  (1+2+5)*1.00 


   Displacements  Not analyzed 


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


Section OK !!! 
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Wall stiffener - tie beam element 246 


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


CODE:    PN-EN 1993-1:2006/AC:2009,  Eurocode 3: Design of steel structures. 
ANALYSIS TYPE:   Member Verification 


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


CODE GROUP:        


MEMBER:   246  Tie-beam_246 POINT:   4 COORDINATE:   x = 0.50 L = 


2200 mm 


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


LOADS: 
Governing Load Case:   3 ULS  (2+1)*1.35+5*1.50 


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


MATERIAL: 
S 235  ( S 235 )       fy = 235 MPa            


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


   SECTION PARAMETERS:  RO 76.1x5 


h=7.6 cm gM0=1.00 gM1=1.00 


  Ay=7.13 cm2  Az=7.13 cm2  Ax=11.20 cm2  


tw=0.5 cm  Iy=70.90 cm4  Iz=70.90 cm4  Ix=141.15 cm4  


  Wply=25.32 cm3  Wplz=25.32 cm3  


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


INTERNAL FORCES AND CAPACITIES: 
N,Ed = -132.01 kN   My,Ed = 0.22 kN*m  Mz,Ed = 0.09 kN*m  Vy,Ed = 0.00 kN 


Nt,Rd = 263.20 kN  My,pl,Rd = 5.95 kN*m  Mz,pl,Rd = 5.95 kN*m Vy,T,Rd = 96.74 kN 


  My,c,Rd = 5.95 kN*m  Mz,c,Rd = 5.95 kN*m Vz,Ed = -0.01 kN 


  MN,y,Rd = 4.11 kN*m  MN,z,Rd = 4.11 kN*m Vz,T,Rd = 96.74 kN 


   Tt,Ed = 0.00 kN*m 


   Class of section = 1 


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


     LATERAL BUCKLING PARAMETERS:  
----------------------------------------------------------------------------------------------------------------------------------------  


BUCKLING PARAMETERS: 


      About y axis:       About z axis:  
       
---------------------------------------------------------------------------------------------------------------------------------------- 
VERIFICATION FORMULAS:  
Section strength check: 


N,Ed/Nt,Rd = 0.50 < 1.00   (6.2.3.(1)) 


(My,Ed/MN,y,Rd)^ 2.00 + (Mz,Ed/MN,z,Rd)^2.00 = 0.00 < 1.00   (6.2.9.1.(6)) 


Vy,Ed/Vy,T,Rd = 0.00 < 1.00   (6.2.6-7) 


Vz,Ed/Vz,T,Rd = 0.00 < 1.00   (6.2.6-7) 


Tau,ty,Ed/(fy/(sqrt(3)*gM0)) = 0.00 < 1.00   (6.2.6) 


Tau,tz,Ed/(fy/(sqrt(3)*gM0)) = 0.00 < 1.00   (6.2.6) 


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


 


Section OK !!! 
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4.4 Sheet 


 


Sheet 3D arrangement 
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Max. stresses in sheet 


  


σmax=212 MPa 
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5. Dosing Tank EC DS111A/B L1 


 


Structure - 3D view 


 







PROMAR 
Design Office 
 


Project: 
BMW Dingolfing 


Page: 
71 
 


Max. stresses in sheet  


   


 


   


 


   


 


   


 


σmax=197 MPa 







PROMAR 
Design Office 
 


Project: 
BMW Dingolfing 


Page: 
72 
 


6. Buffer Tank EC BA715 


Structure - 3D view 


 


Bottom view 
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Max. stresses in sheet 


 


 


 


 


 


 


 


 


 


 


 


 


σmax=154 MPa 
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6.1 Bottom beams 


 


____________________________________________________________________________________ 


Beam - element 217 


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


CODE:    PN-EN 1993-1:2006/AC:2009,  Eurocode 3: Design of steel structures. 
ANALYSIS TYPE:   Member Verification 


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


CODE GROUP:        


MEMBER:   217   POINT:   1 COORDINATE:   x = 0.00 L = 


0.000 m 


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


LOADS: 
Governing Load Case:   3 com_ULS 01  (1+2)*1.35+5*1.50 


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


MATERIAL: 
S 235  ( S 235 )       fy = 235 MPa            


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


   SECTION PARAMETERS:  IPE 120 


h=12.00 cm gM0=1.00 gM1=1.00 


b=6.40 cm  Ay=9.10 cm2  Az=6.31 cm2  Ax=13.21 cm2  


tw=0.44 cm  Iy=317.75 cm4  Iz=27.67 cm4  Ix=1.71 cm4  


tf=0.63 cm  Wply=60.73 cm3  Wplz=13.58 cm3  


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


INTERNAL FORCES AND CAPACITIES: 
N,Ed = 1.81 kN   My,Ed = -5.01 kN*m  Mz,Ed = -0.03 kN*m  Vy,Ed = -0.52 kN 







PROMAR 
Design Office 
 


Project: 
BMW Dingolfing 


Page: 
75 
 


Nc,Rd = 310.44 kN  My,Ed,max = -5.01 kN*m  Mz,Ed,max = -0.03 kN*m Vy,T,Rd = 121.04 kN 


Nb,Rd = 310.44 kN  My,c,Rd = 14.27 kN*m  Mz,c,Rd = 3.19 kN*m Vz,Ed = 18.60 kN 


  MN,y,Rd = 14.27 kN*m  MN,z,Rd = 3.19 kN*m Vz,T,Rd = 84.37 kN 


 Mb,Rd = 14.27 kN*m  Tt,Ed = 0.02 kN*m 


   Class of section = 1 


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


     LATERAL BUCKLING PARAMETERS:  
z = 0.00 Mcr = 717931.80 kN*m Curve,LT - a XLT = 1.00 


Lcr,low=0.007 m Lam_LT = 0.00 fi,LT = 0.48  


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


BUCKLING PARAMETERS: 


      About y axis:       About z axis: 
Ly = 0.717 m  Lam_y = 0.16      


Lcr,y = 0.717 m  Xy = 1.00      


Lamy = 14.62  kyy = 0.90    kyz = 0.54 


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


VERIFICATION FORMULAS:  
Section strength check: 


N,Ed/Nc,Rd = 0.01 < 1.00   (6.2.4.(1)) 


(My,Ed/MN,y,Rd)^ 2.00 + (Mz,Ed/MN,z,Rd)^1.00 = 0.13 < 1.00   (6.2.9.1.(6)) 


Vy,Ed/Vy,T,Rd = 0.00 < 1.00   (6.2.6-7) 


Vz,Ed/Vz,T,Rd = 0.22 < 1.00   (6.2.6-7) 


Tau,ty,Ed/(fy/(sqrt(3)*gM0)) = 0.05 < 1.00   (6.2.6) 


Tau,tz,Ed/(fy/(sqrt(3)*gM0)) = 0.03 < 1.00   (6.2.6) 


Global stability check of member: 


Lambda,y = 14.62 < Lambda,max = 210.00    STABLE 


My,Ed,max/Mb,Rd = 0.35 < 1.00   (6.3.2.1.(1)) 


N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.33 < 1.00   


(6.3.3.(4)) 


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


LIMIT DISPLACEMENTS 


   Deflections   


uy = 0.0001 cm  <  uy max = L/250.00 = 0.2868 cm Verified 


Governing Load Case:   8 comb_SLS 02  (1+2+6)*1.00 


uz = 0.0074 cm  <  uz max = L/250.00 = 0.2868 cm Verified 


Governing Load Case:   8 comb_SLS 02  (1+2+6)*1.00 


   Displacements  Not analyzed 


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


 


Section OK !!! 


 


Column - element 1 


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


CODE:    PN-EN 1993-1:2006/AC:2009,  Eurocode 3: Design of steel structures. 
ANALYSIS TYPE:   Member Verification 


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


CODE GROUP:        


MEMBER:   1  column_A_1 POINT:   2 COORDINATE:   x = 0.50 L = 


0.175 m 


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


LOADS: 
Governing Load Case:   7 comb_ULS 02  (1+2)*1.35+6*1.50 


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


MATERIAL: 
STAL       fy = 215 MPa            


---------------------------------------------------------------------------------------------------------------------------------------- 
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   SECTION PARAMETERS:  HEB 120 


h=12.00 cm gM0=1.00 gM1=1.00 


b=12.00 cm  Ay=29.20 cm2  Az=10.96 cm2  Ax=34.01 cm2  


tw=0.65 cm  Iy=864.37 cm4  Iz=317.52 cm4  Ix=14.40 cm4  


tf=1.10 cm  Wply=165.22 cm3  Wplz=80.97 cm3  


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


INTERNAL FORCES AND CAPACITIES: 
N,Ed = 61.05 kN   My,Ed = 1.80 kN*m  Mz,Ed = 1.22 kN*m  Vy,Ed = 6.95 kN 


Nc,Rd = 731.13 kN  My,Ed,max = 3.59 kN*m  Mz,Ed,max = 2.43 kN*m Vy,c,Rd = 362.41 kN 


Nb,Rd = 699.72 kN  My,c,Rd = 35.52 kN*m  Mz,c,Rd = 17.41 kN*m Vz,Ed = -10.27 kN 


  MN,y,Rd = 35.52 kN*m  MN,z,Rd = 17.41 kN*m Vz,c,Rd = 136.06 kN 


 Mb,Rd = 35.52 kN*m   


   Class of section = 1 


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


     LATERAL BUCKLING PARAMETERS:  
z = 0.00 Mcr = 3351.29 kN*m Curve,LT - a XLT = 1.00 


Lcr,upp=0.350 m Lam_LT = 0.10 fi,LT = 0.50  


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


BUCKLING PARAMETERS: 


      About y axis:       About z axis: 
Ly = 0.350 m  Lam_y = 0.30  Lz = 0.350 m  Lam_z = 0.28  


Lcr,y = 1.459 m  Xy = 0.96  Lcr,z = 0.843 m  Xz = 0.96  


Lamy = 28.94  kzy = 0.54  Lamz = 27.60  kzz = 0.90 


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


VERIFICATION FORMULAS:  
Section strength check: 


N,Ed/Nc,Rd = 0.08 < 1.00   (6.2.4.(1)) 


(My,Ed/MN,y,Rd)^ 2.00 + (Mz,Ed/MN,z,Rd)^1.00 = 0.07 < 1.00   (6.2.9.1.(6)) 


Vy,Ed/Vy,c,Rd = 0.02 < 1.00   (6.2.6.(1)) 


Vz,Ed/Vz,c,Rd = 0.08 < 1.00   (6.2.6.(1)) 


Global stability check of member: 


Lambda,y = 28.94 < Lambda,max = 210.00          Lambda,z = 27.60 < Lambda,max = 210.00    STABLE 


My,Ed,max/Mb,Rd = 0.10 < 1.00   (6.3.2.1.(1)) 


N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.25 < 1.00   


(6.3.3.(4)) 


N,Ed/(Xz*N,Rk/gM1) + kzy*My,Ed,max/(XLT*My,Rk/gM1) + kzz*Mz,Ed,max/(Mz,Rk/gM1) = 0.27 < 1.00   


(6.3.3.(4)) 


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


LIMIT DISPLACEMENTS 


   Deflections  Not analyzed 


   Displacements   


vx = 0.0007 cm  <  vx max = L/150.00 = 0.2333 cm Verified 


Governing Load Case:   4 comb_SLS 01  (1+2+5)*1.00 


vy = 0.0004 cm  <  vy max = L/150.00 = 0.2333 cm Verified 


Governing Load Case:   8 comb_SLS 02  (1+2+6)*1.00 


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


 


Section OK !!! 
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Flat bar – element 34 
 
----------------------------------------------------------------------------------------------------------------------------- ----------- 


CODE:    PN-EN 1993-1:2006/AC:2009,  Eurocode 3: Design of steel structures. 
ANALYSIS TYPE:   Member Verification 


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


CODE GROUP:        


MEMBER:   34   POINT:   1                                  COORDINATE:   x = 0.57 L = 0.410 m 


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


LOADS: 
Governing Load Case:   7 comb_ULS 02  (1+2)*1.35+6*1.50 


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


MATERIAL: 
S 235  ( S 235 )       fy = 235 MPa            


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


   SECTION PARAMETERS:  pl_80x5 


h=8.00 cm gM0=1.00 gM1=1.00 


b=0.50 cm  Ay=4.00 cm2  Az=4.00 cm2  Ax=4.00 cm2  


tw=0.25 cm  Iy=21.33 cm4  Iz=0.08 cm4  Ix=0.32 cm4  


tf=0.25 cm  Wply=8.00 cm3  Wplz=0.50 cm3  


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


INTERNAL FORCES AND CAPACITIES: Class of section = 1 


N,Ed = 0.17 kN   My,Ed = 0.82 kN*m  Mz,Ed = 0.00 kN*m  Vy,Ed = 0.00 kN 


Nc,Rd = 94.00 kN  My,Ed,max = 0.82 kN*m  Mz,Ed,max = 0.00 kN*m Vy,T,Rd = 53.94 kN 


Nb,Rd = 87.75 kN  My,c,Rd = 1.88 kN*m  Mz,c,Rd = 0.12 kN*m Vz,Ed = -1.54 kN 


  MN,y,Rd = 1.88 kN*m  MN,z,Rd = 0.12 kN*m Vz,T,Rd = 53.94 kN 


   Tt,Ed = -0.00 kN*m  


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


     LATERAL BUCKLING PARAMETERS:  
----------------------------------------------------------------------------------------------------------------------------------------  


BUCKLING PARAMETERS: 


      About y axis:       About z axis: 
Ly = 0.717 m  Lam_y = 0.33      


Lcr,y = 0.717 m  Xy = 0.93      


Lamy = 31.05  kyy = 0.90    kyz = 0.54 


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


VERIFICATION FORMULAS:  
Section strength check: 


N,Ed/Nc,Rd = 0.00 < 1.00   (6.2.4.(1)) 


(My,Ed/MN,y,Rd)^ 1.66 + (Mz,Ed/MN,z,Rd)^1.66 = 0.25 < 1.00   (6.2.9.1.(6)) 


Vy,Ed/Vy,T,Rd = 0.00 < 1.00   (6.2.6-7) 


Vz,Ed/Vz,T,Rd = 0.03 < 1.00   (6.2.6-7) 


Tau,ty,Ed/(fy/(sqrt(3)*gM0)) = 0.01 < 1.00   (6.2.6) 


Tau,tz,Ed/(fy/(sqrt(3)*gM0)) = 0.01 < 1.00   (6.2.6) 


Global stability check of member: 


Lambda,y = 31.05 < Lambda,max = 210.00    STABLE 


N,Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.39 < 1.00   


(6.3.3.(4)) 


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


LIMIT DISPLACEMENTS 


   Deflections   


uy = 0.0000 cm  <  uy max = L/250.00 = 0.2868 cm Verified 


Governing Load Case:   8 comb_SLS 02  (1+2+6)*1.00 


uz = 0.0696 cm  <  uz max = L/250.00 = 0.2868 cm Verified 


Governing Load Case:   4 comb_SLS 01  (1+2+5)*1.00 


   Displacements  Not analysed                                                                     Section OK !!! 
---------------------------------------------------------------------------------------------------------------------------------------- 
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7. Connections 


 


1. In screwed connection there are applied bolts HV cl. 10.9 DIN 6914 


2. All welds are applied with maximum allowed thickness: 


- 0.7t for one-sided fillet weld 


- 0.5t for double-sided fillet weld 


- 1.0t for butt weld 


Where t- thickness of thinner welded element. 


 


1. Typical connection column-girder for frame I200 of tank DUMP TANK EC BA321 


 


Autodesk Robot Structural Analysis Professional 2015  


Design of welded beam-to-column connection  


PN-EN 1993-1-8:2006/AC:2009 


 


Ratio  


0,64 


 


General 


Connection no.: 14 


Connection name: Naroże ramy 


Structure node: 20 


Structure bars: 25, 33 


Geometry 


Column 


Section: IPE 200 


Bar no.: 25 
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 = -90,0 [Deg] Inclination angle  


hc = 200 [mm] Height of column section  


bfc = 100 [mm] Width of column section  


twc = 6 [mm] Thickness of the web of column section  


tfc = 9 [mm] Thickness of the flange of column section  


rc = 12 [mm] Radius of column section fillet  


Ac = 28,48 [cm2] Cross-sectional area of a column  


Ixc = 1943,17 [cm4] Moment of inertia of the column section  


Material: Steel 


fyc = 235 [MPa] Resistance  


Beam 


Section: IPE 200 


Bar no.: 33 


 = -0,0 [Deg] Inclination angle  


hb = 200 [mm] Height of beam section  


bf = 100 [mm] Width of beam section  


twb = 6 [mm] Thickness of the web of beam section  


tfb = 9 [mm] Thickness of the flange of beam section  


rb = 12 [mm] Radius of beam section fillet  


rb = 12 [mm] Radius of beam section fillet  


Ab = 28,48 [cm2] Cross-sectional area of a beam  


Ixb = 1943,17 [cm4] Moment of inertia of the beam section  


Material: Steel 


fyb = 235 [MPa] Resistance  


Upper stiffener 


hu = 90 [mm] Stiffener height  


twu = 8 [mm] Thickness of vertical stiffener  


lu = 90 [mm] Length of vertical stiffener  


Material: S 235 


fyu = 235 [MPa] Resistance  
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Column stiffener 


Upper 


hsu = 183 [mm] Stiffener height  


bsu = 47 [mm] Stiffener width  


thu = 10 [mm] Stiffener thickness  


Material: S 235 


fysu = 235 [MPa] Resistance  


Lower 


hsd = 183 [mm] Stiffener height  


bsd = 47 [mm] Stiffener width  


thd = 10 [mm] Stiffener thickness  


Material: S 235 


fysu = 235 [MPa] Resistance  


Fillet welds 


aw = 3 [mm] Web weld  


af = 4 [mm] Flange weld  


as = 4 [mm] Stiffener weld  


Material factors 


M0 = 1,00  Partial safety factor [2.2] 


M1 = 1,00  Partial safety factor [2.2] 


M2 = 1,25  Partial safety factor [2.2] 


M3 = 1,25  Partial safety factor [2.2] 


Loads 


Ultimate limit state 


Case: Manual calculations. 


Mb1,Ed = 19,94 [kN*m] Bending moment in the right beam  


Vb1,Ed = 39,73 [kN] Shear force in the right beam  


Nb1,Ed = 33,87 [kN] Axial force in the right beam  


Mc1,Ed = 0,82 [kN*m] Bending moment in the lower column  
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Mb1,Ed = 19,94 [kN*m] Bending moment in the right beam  


Vc1,Ed = 3,15 [kN] Shear force in the lower column  


Nc1,Ed = -89,67 [kN] Axial force in the lower column  


Mc2,Ed = 1,41 [kN*m] Bending moment in the upper column  


Vc2,Ed = 3,55 [kN] Shear force in the upper column  


Nc2,Ed = -49,95 [kN] Axial force in the upper column  


Results 


Beam resistances 


TENSION 


Ab = 28,48 [cm2] Area EN1993-1-1:[6.2.3] 


Ntb,Rd = Ab fyb / M0  


Ntb,Rd = 669,38 [kN] Design tensile resistance of the section EN1993-1-1:[6.2.3] 


Nb1,Ed / Ntb,Rd ≤ 1,0 0,05 < 1,00 verified (0,05) 


SHEAR 


Avb = 21,20 [cm2] Shear area EN1993-1-1:[6.2.6.(3)] 


Vcb,Rd = Avb (fyb / 3) / M0  


Vcb,Rd = 287,64 [kN] Design sectional resistance for shear EN1993-1-1:[6.2.6.(2)] 


Vb1,Ed / Vcb,Rd ≤ 1,0 0,14 < 1,00 verified (0,14) 


BENDING - PLASTIC MOMENT (WITHOUT BRACKETS)  


Wplb = 220,66 [cm3] Plastic section modulus EN1993-1-1:[6.2.5.(2)] 


Mb,pl,Rd = Wplb fyb / M0  


Mb,pl,Rd = 51,85 [kN*m] Plastic resistance of the section for bending (without stiffeners) EN1993-1-1:[6.2.5.(2)] 


BENDING ON THE CONTACT SURFACE WITH PLATE OR CONNECTED ELEMENT 


Wpl = 220,66 [cm3] Plastic section modulus EN1993-1-1:[6.2.5] 


Mcb,Rd = Wpl fyb / M0  


Mcb,Rd = 51,85 [kN*m] Design resistance of the section for bending EN1993-1-1:[6.2.5] 


Mb1,Ed / Mcb,Rd ≤ 1,0 0,38 < 1,00 verified (0,38) 


FLANGE AND WEB - COMPRESSION 


Mcb,Rd = 51,85 [kN*m] Design resistance of the section for bending EN1993-1-1:[6.2.5] 


hf = 192 [mm] Distance between the centroids of flanges [6.2.6.7.(1)] 
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Fc,fb,Rd = Mcb,Rd / hf  


Fc,fb,Rd = 270,78 [kN] Resistance of the compressed flange and web [6.2.6.7.(1)] 


AXIAL FORCES IN BEAM FLANGES 


hf = 192 [mm] Distance between the centroids of flanges  


eN = 0 [mm] Axial force eccentricity  


Nupp = Nb1,Ed / 2 + (-Nb1,Ed eN + Mb1,Ed) / hf  


Nupp = 121,06 [kN] Axial force in the beam top flange  


Nlow = Nb1,Ed / 2 - (-Nb1,Ed eN + Mb1,Ed) / hf  


Nlow = -87,19 [kN] Axial force in the beam bottom flange  


Column resistances 


WEB PANEL - SHEAR 


Mb1,Ed = 19,94 [kN*m] Bending moment (right beam) [5.3.(3)] 


Mb2,Ed = 0,00 [kN*m] Bending moment (left beam) [5.3.(3)] 


Vc1,Ed = 3,15 [kN] Shear force (lower column) [5.3.(3)] 


Vc2,Ed = 3,55 [kN] Shear force (upper column) [5.3.(3)] 


z = 192 [mm] Lever arm [6.2.5] 


Vwp,Ed = (Mb1,Ed - Mb2,Ed) / z - (Vc1,Ed - Vc2,Ed) / 2  


Vwp,Ed = 104,33 [kN] Shear force acting on the web panel [5.3.(3)] 


Avs = 14,00 [cm2] Shear area of the column web EN1993-1-1:[6.2.6.(3)] 


Avc = 14,00 [cm2] Shear area EN1993-1-1:[6.2.6.(3)] 


ds = 190 [mm] Distance between the centroids of stiffeners [6.2.6.1.(4)] 


Mpl,fc,Rd = 0,42 [kN*m] Plastic resistance of the column flange for bending [6.2.6.1.(4)] 


Mpl,stu,Rd = 0,59 [kN*m] Plastic resistance of the upper transverse stiffener for bending [6.2.6.1.(4)] 


Mpl,stl,Rd = 0,59 [kN*m] Plastic resistance of the lower transverse stiffener for bending [6.2.6.1.(4)] 


Vwp,Rd = 0.9 ( Avs*fy,wc ) / (3 M0) + Min(4 Mpl,fc,Rd / ds , (2 Mpl,fc,Rd + Mpl,stu,Rd + Mpl,stl,Rd) / ds)  


Vwp,Rd = 179,89 [kN] Resistance of the column web panel for shear [6.2.6.1] 


Vwp,Ed / Vwp,Rd ≤ 1,0 0,58 < 1,00 verified (0,58) 


WEB - TRANSVERSE COMPRESSION - LEVEL OF THE BEAM BOTTOM FLANGE 


Bearing: 


twc = 6 [mm] Effective thickness of the column web [6.2.6.2.(6)] 
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twc = 6 [mm] Effective thickness of the column web [6.2.6.2.(6)] 


beff,c,wc = 122 [mm] Effective width of the web for compression [6.2.6.2.(1)] 


Avc = 14,00 [cm2] Shear area EN1993-1-1:[6.2.6.(3)] 


 = 0,87  Reduction factor for interaction with shear [6.2.6.2.(1)] 


com,Ed = 35 [MPa] Maximum compressive stress in web [6.2.6.2.(2)] 


kwc = 1,00  Reduction factor conditioned by compressive stresses [6.2.6.2.(2)] 


As = 9,44 [cm2] Area of the web stiffener EN1993-1-1:[6.2.4] 


Fc,wc,Rd1 =  kwc beff,c,wc twc fyc / M0 + As fys / M0  


Fc,wc,Rd1 = 362,41 [kN] Column web resistance [6.2.6.2.(1)] 


Buckling: 


dwc = 159 [mm] Height of compressed web [6.2.6.2.(1)] 


p = 0,78  Plate slenderness of an element [6.2.6.2.(1)] 


 = 0,96  Reduction factor for element buckling [6.2.6.2.(1)] 


s = 5,35  Stiffener slenderness EN1993-1-1:[6.3.1.2] 


s = 1,00  Buckling coefficient of the stiffener EN1993-1-1:[6.3.1.2] 


Fc,wc,Rd2 =  kwc  beff,c,wc twc fyc / M1 + As s fys / M1  


Fc,wc,Rd2 = 356,26 [kN] Column web resistance [6.2.6.2.(1)] 


Final resistance: 


Fc,wc,Rd,low = Min (Fc,wc,Rd1 , Fc,wc,Rd2)  


Fc,wc,Rd = 356,26 [kN] Column web resistance [6.2.6.2.(1)] 


Nlow / Fc,wc,Rd,low ≤ 1,0 0,24 < 1,00 verified (0,24) 


WEB - TRANSVERSE TENSION - LEVEL OF THE BEAM TOP FLANGE 


twc = 6 [mm] Effective thickness of the column web [6.2.6.3.(8)] 


beff,t,wc = 122 [mm] Effective width of the web for compression [6.2.6.3.(2)] 


Avc = 14,00 [cm2] Shear area EN1993-1-1:[6.2.6.(3)] 


 = 0,87  Reduction factor for interaction with shear [6.2.6.3.(4)] 


As = 9,44 [cm2] Area of the web stiffener EN1993-1-1:[6.2.4] 


Ft,wc,Rd,upp =  beff,t,wc twc fyc / M0 + As fyc / M0  


Ft,wc,Rd = 362,41 [kN] Column web resistance [6.2.6.3.(1)] 


Nupp / Ft,wc,Rd,upp ≤ 1,0 0,33 < 1,00 verified (0,33) 
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Weld resistance 


Aw = 28,01 [cm2] Area of all welds [4.5.3.2(2)] 


Awy = 13,07 [cm2] Area of horizontal welds [4.5.3.2(2)] 


Awz = 14,94 [cm2] Area of vertical welds [4.5.3.2(2)] 


Iwy = 2410,05 [cm4] Moment of inertia of the weld arrangement with respect to the hor. axis [4.5.3.2(5)] 


⊥max=⊥max = 112 [MPa] Normal stress in a weld [4.5.3.2(5)] 


⊥=⊥ = 112 [MPa] Stress in a vertical weld [4.5.3.2(5)] 


II = 27 [MPa] Tangent stress [4.5.3.2(5)] 


w = 0,80  Correlation coefficient [4.5.3.2(7)] 


[⊥max
2 + 3*(⊥max


2)] ≤ fu/(w*M2) 225 < 360 verified (0,62) 


[⊥2 + 3*(⊥2+II
2)] ≤ fu/(w*M2) 229 < 360 verified (0,64) 


⊥ ≤ 0.9*fu/M2 112 < 259 verified (0,43) 


Connection stiffness 


Axial force in the beam exceeds 5% of the Npl,Rd strength. According to point 6.3.1.(4), connection stiffness cannot 


be calculated.  


Weakest component: 


WELDS  


   


   


Connection conforms to the code Ratio 0,64 
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2. Typical connection in column I200 for tank DUMP TANK EC BA321 


 


Autodesk Robot Structural Analysis Professional 2015  


Design of fixed beam-to-beam connection  


PN-EN 1993-1-8:2006/AC:2009 


 


Ratio  
0,25 


 


GENERAL 


Connection no.: 17 


Connection name: Doczołowe 


Structure node: 197 


Structure bars: 3, 12 


GEOMETRY 


LEFT SIDE 


BEAM 


Section: IPE 200 


Bar no.: 3 


 = -180,0 [Deg] Inclination angle  


hbl = 200 [mm] Height of beam section  


bfbl = 100 [mm] Width of beam section  


twbl = 6 [mm] Thickness of the web of beam section  


tfbl = 9 [mm] Thickness of the flange of beam section  


rbl = 12 [mm] Radius of beam section fillet  


Abl = 28,48 [cm2] Cross-sectional area of a beam  


Ixbl = 1943,17 [cm4] Moment of inertia of the beam section  


Material: Steel 


fyb = 235 [MPa] Resistance  


RIGHT SIDE 


BEAM 


Section: IPE 200 


Bar no.: 12 


 = -0,0 [Deg] Inclination angle  


hbr = 200 [mm] Height of beam section  


bfbr = 100 [mm] Width of beam section  


twbr = 6 [mm] Thickness of the web of beam section  


tfbr = 9 [mm] Thickness of the flange of beam section  


rbr = 12 [mm] Radius of beam section fillet  


Abr = 28,48 [cm2] Cross-sectional area of a beam  
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 = -0,0 [Deg] Inclination angle  


Ixbr = 1943,17 [cm4] Moment of inertia of the beam section  


Material: Steel 


fyb = 235 [MPa] Resistance  


BOLTS 


The shear plane passes through the UNTHREADED portion of the bolt.  


d = 16 [mm] Bolt diameter  


Class = 10.9  Bolt class  


FtRd = 117,56 [kN] Tensile resistance of a bolt  


nh = 2  Number of bolt columns  


nv = 2  Number of bolt rows  


h1 = 45 [mm] Distance between first bolt and upper edge of front plate  


Horizontal spacing ei = 40 [mm] 


Vertical spacing pi = 120 [mm] 


PLATE 


hpr = 210 [mm] Plate height  


bpr = 120 [mm] Plate width  


tpr = 25 [mm] Plate thickness  


Material: S 235 


fypr = 235 [MPa] Resistance  


FILLET WELDS 


aw = 4 [mm] Web weld  


af = 6 [mm] Flange weld  


MATERIAL FACTORS 


M0 = 1,00  Partial safety factor [2.2] 


M1 = 1,00  Partial safety factor [2.2] 


M2 = 1,25  Partial safety factor [2.2] 


M3 = 1,25  Partial safety factor [2.2] 


LOADS 


Ultimate limit state 


Case: 3: ULS (1+2)*1.35 


Mb1,Ed = 5,22 [kN*m] Bending moment in the right beam  


Vb1,Ed = 12,78 [kN] Shear force in the right beam  


Nb1,Ed = -6,72 [kN] Axial force in the right beam  


RESULTS 


BEAM RESISTANCES 


COMPRESSION 


Ab = 28,48 [cm2] Area EN1993-1-1:[6.2.4] 


Ncb,Rd = Ab fyb / M0  


Ncb,Rd = 669,38 [kN] Design compressive resistance of the section EN1993-1-1:[6.2.4] 


SHEAR 


Avb = 14,00 [cm2] Shear area EN1993-1-1:[6.2.6.(3)] 


Vcb,Rd = Avb (fyb / 3) / M0  


Vcb,Rd = 189,95 [kN] Design sectional resistance for shear EN1993-1-1:[6.2.6.(2)] 


Vb1,Ed / Vcb,Rd ≤ 1,0 0,07 < 1,00 verified (0,07) 


BENDING - PLASTIC MOMENT (WITHOUT BRACKETS)  


Wplb = 220,66 [cm3] Plastic section modulus EN1993-1-1:[6.2.5.(2)] 


Mb,pl,Rd = Wplb fyb / M0  


Mb,pl,Rd = 51,85 [kN*m] Plastic resistance of the section for bending (without stiffeners) EN1993-1-1:[6.2.5.(2)] 
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BENDING ON THE CONTACT SURFACE WITH PLATE OR CONNECTED ELEMENT 


Wpl = 220,66 [cm3] Plastic section modulus EN1993-1-1:[6.2.5] 


Mcb,Rd = Wpl fyb / M0  


Mcb,Rd = 51,85 [kN*m] Design resistance of the section for bending EN1993-1-1:[6.2.5] 


FLANGE AND WEB - COMPRESSION 


Mcb,Rd = 51,85 [kN*m] Design resistance of the section for bending EN1993-1-1:[6.2.5] 


hf = 192 [mm] Distance between the centroids of flanges [6.2.6.7.(1)] 


Fc,fb,Rd = Mcb,Rd / hf  


Fc,fb,Rd = 270,78 [kN] Resistance of the compressed flange and web [6.2.6.7.(1)] 


GEOMETRICAL PARAMETERS OF A CONNECTION 


EFFECTIVE LENGTHS AND PARAMETERS - FRONT PLATE 


Nr m mx e ex p leff,cp leff,nc leff,1 leff,2 leff,cp,g leff,nc,g leff,1,g leff,2,g 


1 13 - 40 - 120 80 101 80 101 160 111 111 111 


2 13 - 40 - 120 80 101 80 101 160 110 110 110 


m – Bolt distance from the web 


mx – Bolt distance from the beam flange 


e – Bolt distance from the outer edge 


ex – Bolt distance from the horizontal outer edge 


p – Distance between bolts 


leff,cp – Effective length for a single bolt in the circular failure mode 


leff,nc – Effective length for a single bolt in the non-circular failure mode 


leff,1 – Effective length for a single bolt for mode 1 


leff,2 – Effective length for a single bolt for mode 2 


leff,cp,g – Effective length for a group of bolts in the circular failure mode 


leff,nc,g – Effective length for a group of bolts in the non-circular failure mode 


leff,1,g – Effective length for a group of bolts for mode 1 


leff,2,g – Effective length for a group of bolts for mode 2 


CONNECTION RESISTANCE FOR COMPRESSION 


Nj,Rd = Min ( Ncb,Rd )  


Nj,Rd = 669,38 [kN] Connection resistance for compression [6.2] 


Nb1,Ed / Nj,Rd ≤ 1,0 0,01 < 1,00 verified (0,01) 


CONNECTION RESISTANCE FOR BENDING 


Ft,Rd = 117,56 [kN] Bolt resistance for tension [Table 3.4] 


Bp,Rd = 325,72 [kN] Punching shear resistance of a bolt [Table 3.4] 


Ft,fc,Rd – column flange resistance due to bending 


Ft,wc,Rd – column web resistance due to tension 


Ft,ep,Rd – resistance of the front plate due to bending 


Ft,wb,Rd – resistance of the web in tension 


Ft,fc,Rd = Min (FT,1,fc,Rd , FT,2,fc,Rd , FT,3,fc,Rd) [6.2.6.4] , [Tab.6.2] 


Ft,wc,Rd =  beff,t,wc twc fyc / M0 [6.2.6.3.(1)] 


Ft,ep,Rd = Min (FT,1,ep,Rd , FT,2,ep,Rd , FT,3,ep,Rd) [6.2.6.5] , [Tab.6.2] 


Ft,wb,Rd = beff,t,wb twb fyb / M0 [6.2.6.8.(1)] 


RESISTANCE OF THE BOLT ROW NO. 1 


Ft1,Rd,comp - Formula Ft1,Rd,comp Component 


Ft1,Rd = Min (Ft1,Rd,comp) 104,80 Bolt row resistance 


Ft,ep,Rd(1) = 235,12 235,12 Front plate - tension 


Ft,wb,Rd(1) = 104,80 104,80 Beam web - tension 


Bp,Rd = 651,44 651,44 Bolts due to shear punching 


Fc,fb,Rd = 270,78 270,78 Beam flange - compression 


RESISTANCE OF THE BOLT ROW NO. 2 


Ft2,Rd,comp - Formula Ft2,Rd,comp Component 


Ft2,Rd = Min (Ft2,Rd,comp) 104,80 Bolt row resistance 


Ft,ep,Rd(2) = 235,12 235,12 Front plate - tension 
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Ft2,Rd,comp - Formula Ft2,Rd,comp Component 


Ft,wb,Rd(2) = 104,80 104,80 Beam web - tension 


Bp,Rd = 651,44 651,44 Bolts due to shear punching 


Fc,fb,Rd - ∑1
1 Ftj,Rd = 270,78 - 104,80 165,98 Beam flange - compression 


Ft,ep,Rd(2 + 1) - ∑1
1 Ftj,Rd = 470,25 - 104,80 365,44 Front plate - tension - group 


Ft,wb,Rd(2 + 1) - ∑1
1 Ftj,Rd = 291,36 - 104,80 186,56 Beam web - tension - group 


SUMMARY TABLE OF FORCES 


Nr hj Ftj,Rd Ft,fc,Rd Ft,wc,Rd Ft,ep,Rd Ft,wb,Rd Ft,Rd Bp,Rd 


1 161 104,80 - - 235,12 104,80 235,12 651,44 


2 41 104,80 - - 235,12 104,80 235,12 651,44 


CONNECTION RESISTANCE FOR BENDING Mj,Rd 


Mj,Rd = ∑ hj Ftj,Rd  


Mj,Rd = 21,12 [kN*m] Connection resistance for bending [6.2] 


Mb1,Ed / Mj,Rd ≤ 1,0 0,25 < 1,00 verified (0,25) 


CONNECTION RESISTANCE FOR SHEAR 


v = 0,60  Coefficient for calculation of Fv,Rd [Table 3.4] 


Fv,Rd = 100,37 [kN] Shear resistance of a single bolt [Table 3.4] 


Ft,Rd,max = 117,56 [kN] Tensile resistance of a single bolt [Table 3.4] 


Fb,Rd,int = 162,56 [kN] Bearing resistance of an intermediate bolt [Table 3.4] 


Fb,Rd,ext = 135,47 [kN] Bearing resistance of an outermost bolt [Table 3.4] 


Nr Ftj,Rd,N Ftj,Ed,N Ftj,Rd,M Ftj,Ed,M Ftj,Ed Fvj,Rd 


1 235,12 -3,36 104,80 25,91 22,55 186,99 


2 235,12 -3,36 104,80 25,91 22,55 186,99 


Ftj,Rd,N – Bolt row resistance for simple tension 


Ftj,Ed,N – Force due to axial force in a bolt row  


Ftj,Rd,M – Bolt row resistance for simple bending 


Ftj,Ed,M – Force due to moment in a bolt row 


Ftj,Ed – Maximum tensile force in a bolt row 


Fvj,Rd – Reduced bolt row resistance 


Ftj,Ed,N = Nj,Ed Ftj,Rd,N / Nj,Rd  


Ftj,Ed,M = Mj,Ed Ftj,Rd,M / Mj,Rd  


Ftj,Ed = Ftj,Ed,N + Ftj,Ed,M  


Fvj,Rd = Min (nh Fv,Ed (1 - Ftj,Ed/ (1.4 nh Ft,Rd,max), nh Fv,Rd , nh Fb,Rd))  


Vj,Rd = nh ∑1
n Fvj,Rd [Table 3.4] 


Vj,Rd = 373,98 [kN] Connection resistance for shear [Table 3.4] 


Vb1,Ed / Vj,Rd ≤ 1,0 0,03 < 1,00 verified (0,03) 


WELD RESISTANCE 


Aw = 27,17 [cm2] Area of all welds [4.5.3.2(2)] 


Awy = 14,45 [cm2] Area of horizontal welds [4.5.3.2(2)] 


Awz = 12,72 [cm2] Area of vertical welds [4.5.3.2(2)] 


Iwy = 1426,04 [cm4] Moment of inertia of the weld arrangement with respect to the hor. axis [4.5.3.2(5)] 


⊥max=⊥max = -30 [MPa] Normal stress in a weld [4.5.3.2(5)] 


⊥=⊥ = -28 [MPa] Stress in a vertical weld [4.5.3.2(5)] 


II = 10 [MPa] Tangent stress [4.5.3.2(5)] 


w = 0,80  Correlation coefficient [4.5.3.2(7)] 


[⊥max
2 + 3*(⊥max


2)] ≤ fu/(w*M2) 61 < 360 verified (0,17) 


[⊥2 + 3*(⊥2+II
2)] ≤ fu/(w*M2) 59 < 360 verified (0,16) 


⊥ ≤ 0.9*fu/M2 30 < 259 verified (0,12) 


CONNECTION STIFFNESS 


twash = 4 [mm] Washer thickness [6.2.6.3.(2)] 


hhead = 12 [mm] Bolt head height [6.2.6.3.(2)] 


hnut = 16 [mm] Bolt nut height [6.2.6.3.(2)] 


Lb = 56 [mm] Bolt length [6.2.6.3.(2)] 


k10 = 5 [mm] Stiffness coefficient of bolts [6.3.2.(1)] 
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STIFFNESSES OF BOLT ROWS 


Nr hj k3 k4 k5 keff,j keff,j hj keff,j hj
2 


          Sum 8,97 122,46 


1 161     
  
550 


4 7,16 115,06 


2 41     
  
550 


4 1,81 7,39 


keff,j = 1 / (∑3
5 (1 / ki,j))  [6.3.3.1.(2)] 


zeq = ∑j keff,j hj
2 / ∑j keff,j hj   


zeq = 136 [mm] Equivalent force arm [6.3.3.1.(3)] 


keq = ∑j keff,j hj / zeq   


keq = 7 [mm] Equivalent stiffness coefficient of a bolt arrangement [6.3.3.1.(1)] 


Sj,ini = E zeq
2 keq  [6.3.1.(4)] 


Sj,ini = 25716,21 [kN*m] Initial rotational stiffness [6.3.1.(4)] 


 = 1,00  Stiffness coefficient of a connection [6.3.1.(6)] 


Sj = Sj,ini /  [6.3.1.(4)] 


Sj = 25716,21 [kN*m] Final rotational stiffness [6.3.1.(4)] 


Connection classification due to stiffness. 


Sj,rig = 19203,09 [kN*m] Stiffness of a rigid connection [5.2.2.5] 


Sj,pin = 1200,19 [kN*m] Stiffness of a pinned connection [5.2.2.5] 


Sj,ini  Sj,rig RIGID  


WEAKEST COMPONENT: 


BEAM WEB - TENSION  


REMARKS 


Distance of bolts from the beam web is too small. 17 [mm] < 22 [mm] 
   
   


Connection conforms to the code Ratio 0,25 
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3. Typical connection in column I240 for tank DUMP TANK EC BA321 


 


Autodesk Robot Structural Analysis Professional 2015  


Design of fixed beam-to-beam connection  


PN-EN 1993-1-8:2006/AC:2009 


 


Ratio  


0,42 


 


General 


Connection no.: 19 


Connection name: Doczołowe 


Structure node: 199 


Structure bars: 66, 73 


Geometry 


Left side 


Beam 


Section: IPE 240 


Bar no.: 66 


 = -180,0 [Deg] Inclination angle  


hbl = 240 [mm] Height of beam section  


bfbl = 120 [mm] Width of beam section  


twbl = 6 [mm] Thickness of the web of beam section  


tfbl = 10 [mm] Thickness of the flange of beam section  


rbl = 15 [mm] Radius of beam section fillet  


Abl = 39,12 [cm2] Cross-sectional area of a beam  


Ixbl = 3891,63 [cm4] Moment of inertia of the beam section  
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Material: Steel 


fyb = 235 [MPa] Resistance  


Right side 


Beam 


Section: IPE 240 


Bar no.: 73 


 = -0,0 [Deg] Inclination angle  


hbr = 240 [mm] Height of beam section  


bfbr = 120 [mm] Width of beam section  


twbr = 6 [mm] Thickness of the web of beam section  


tfbr = 10 [mm] Thickness of the flange of beam section  


rbr = 15 [mm] Radius of beam section fillet  


Abr = 39,12 [cm2] Cross-sectional area of a beam  


Ixbr = 3891,63 [cm4] Moment of inertia of the beam section  


Material: Steel 


fyb = 235 [MPa] Resistance  


Bolts 


The shear plane passes through the UNTHREADED portion of the bolt.  


d = 16 [mm] Bolt diameter  


Class = 10.9  Bolt class  


FtRd = 117,56 [kN] Tensile resistance of a bolt  


nh = 2  Number of bolt columns  


nv = 2  Number of bolt rows  


h1 = 52 [mm] Distance between first bolt and upper edge of front plate  


Horizontal spacing ei = 70 [mm] 


Vertical spacing pi = 160 [mm] 


Plate 


hpr = 250 [mm] Plate height  


bpr = 120 [mm] Plate width  
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hpr = 250 [mm] Plate height  


tpr = 25 [mm] Plate thickness  


Material: S 235 


fypr = 235 [MPa] Resistance  


Fillet welds 


aw = 5 [mm] Web weld  


af = 7 [mm] Flange weld  


Material factors 


M0 = 1,00  Partial safety factor [2.2] 


M1 = 1,00  Partial safety factor [2.2] 


M2 = 1,25  Partial safety factor [2.2] 


M3 = 1,25  Partial safety factor [2.2] 


Loads 


Ultimate limit state 


Case: Manual calculations. 


Mb1,Ed = 19,99 [kN*m] Bending moment in the right beam  


Vb1,Ed = 45,17 [kN] Shear force in the right beam  


Nb1,Ed = -8,32 [kN] Axial force in the right beam  


Results 


Beam resistances 


COMPRESSION 


Ab = 39,12 [cm2] Area EN1993-1-1:[6.2.4] 


Ncb,Rd = Ab fyb / M0  


Ncb,Rd = 919,23 [kN] Design compressive resistance of the section EN1993-1-1:[6.2.4] 


SHEAR 


Avb = 19,14 [cm2] Shear area EN1993-1-1:[6.2.6.(3)] 


Vcb,Rd = Avb (fyb / 3) / M0  


Vcb,Rd = 259,74 [kN] Design sectional resistance for shear EN1993-1-1:[6.2.6.(2)] 
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Vb1,Ed / Vcb,Rd ≤ 1,0 0,17 < 1,00 verified (0,17) 


BENDING - PLASTIC MOMENT (WITHOUT BRACKETS)  


Wplb = 366,68 [cm3] Plastic section modulus EN1993-1-1:[6.2.5.(2)] 


Mb,pl,Rd = Wplb fyb / M0  


Mb,pl,Rd = 86,17 [kN*m] Plastic resistance of the section for bending (without stiffeners) EN1993-1-1:[6.2.5.(2)] 


BENDING ON THE CONTACT SURFACE WITH PLATE OR CONNECTED ELEMENT 


Wpl = 366,68 [cm3] Plastic section modulus EN1993-1-1:[6.2.5] 


Mcb,Rd = Wpl fyb / M0  


Mcb,Rd = 86,17 [kN*m] Design resistance of the section for bending EN1993-1-1:[6.2.5] 


FLANGE AND WEB - COMPRESSION 


Mcb,Rd = 86,17 [kN*m] Design resistance of the section for bending EN1993-1-1:[6.2.5] 


hf = 230 [mm] Distance between the centroids of flanges [6.2.6.7.(1)] 


Fc,fb,Rd = Mcb,Rd / hf  


Fc,fb,Rd = 374,32 [kN] Resistance of the compressed flange and web [6.2.6.7.(1)] 


Geometrical parameters of a connection 


EFFECTIVE LENGTHS AND PARAMETERS - FRONT PLATE 


Nr m mx e ex p leff,cp leff,nc leff,1 leff,2 leff,cp,g leff,nc,g leff,1,g leff,2,g 


1 26 - 25 - 160 165 152 152 152 242 164 164 164 


2 26 - 25 - 160 165 136 136 136 242 148 148 148 


m – Bolt distance from the web 


mx – Bolt distance from the beam flange 


e – Bolt distance from the outer edge 


ex – Bolt distance from the horizontal outer edge 


p – Distance between bolts 


leff,cp – Effective length for a single bolt in the circular failure mode 


leff,nc – Effective length for a single bolt in the non-circular failure mode 


leff,1 – Effective length for a single bolt for mode 1 


leff,2 – Effective length for a single bolt for mode 2 


leff,cp,g – Effective length for a group of bolts in the circular failure mode 


leff,nc,g – Effective length for a group of bolts in the non-circular failure mode 
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m – Bolt distance from the web 


leff,1,g – Effective length for a group of bolts for mode 1 


leff,2,g – Effective length for a group of bolts for mode 2 


Connection resistance for compression 


Nj,Rd = Min ( Ncb,Rd )  


Nj,Rd = 919,23 [kN] Connection resistance for compression [6.2] 


Nb1,Ed / Nj,Rd ≤ 1,0 0,01 < 1,00 verified (0,01) 


Connection resistance for bending 


Ft,Rd = 117,56 [kN] Bolt resistance for tension [Table 3.4] 


Bp,Rd = 325,72 [kN] Punching shear resistance of a bolt [Table 3.4] 


Ft,fc,Rd – column flange resistance due to bending 


Ft,wc,Rd – column web resistance due to tension 


Ft,ep,Rd – resistance of the front plate due to bending 


Ft,wb,Rd – resistance of the web in tension 


Ft,fc,Rd = Min (FT,1,fc,Rd , FT,2,fc,Rd , FT,3,fc,Rd) [6.2.6.4] , [Tab.6.2] 


Ft,wc,Rd =  beff,t,wc twc fyc / M0 [6.2.6.3.(1)] 


Ft,ep,Rd = Min (FT,1,ep,Rd , FT,2,ep,Rd , FT,3,ep,Rd) [6.2.6.5] , [Tab.6.2] 


Ft,wb,Rd = beff,t,wb twb fyb / M0 [6.2.6.8.(1)] 


RESISTANCE OF THE BOLT ROW NO. 1 


Ft1,Rd,comp - Formula Ft1,Rd,comp Component 


Ft1,Rd = Min (Ft1,Rd,comp) 222,12 Bolt row resistance 


Ft,ep,Rd(1) = 235,12 235,12 Front plate - tension 


Ft,wb,Rd(1) = 222,12 222,12 Beam web - tension 


Bp,Rd = 651,44 651,44 Bolts due to shear punching 


Fc,fb,Rd = 374,32 374,32 Beam flange - compression 


RESISTANCE OF THE BOLT ROW NO. 2 


Ft2,Rd,comp - Formula Ft2,Rd,comp Component 


Ft2,Rd = Min (Ft2,Rd,comp) 152,21 Bolt row resistance 


Ft,ep,Rd(2) = 235,12 235,12 Front plate - tension 
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Ft2,Rd,comp - Formula Ft2,Rd,comp Component 


Ft,wb,Rd(2) = 198,48 198,48 Beam web - tension 


Bp,Rd = 651,44 651,44 Bolts due to shear punching 


Fc,fb,Rd - ∑1
1 Ftj,Rd = 374,32 - 222,12 152,21 Beam flange - compression 


Ft,ep,Rd(2 + 1) - ∑1
1 Ftj,Rd = 470,25 - 222,12 248,13 Front plate - tension - group 


Ft,wb,Rd(2 + 1) - ∑1
1 Ftj,Rd = 455,24 - 222,12 233,12 Beam web - tension - group 


SUMMARY TABLE OF FORCES 


Nr hj Ftj,Rd Ft,fc,Rd Ft,wc,Rd Ft,ep,Rd Ft,wb,Rd Ft,Rd Bp,Rd 


1 193 222,12 - - 235,12 222,12 235,12 651,44 


2 33 152,21 - - 235,12 198,48 235,12 651,44 


CONNECTION RESISTANCE FOR BENDING Mj,Rd 


Mj,Rd = ∑ hj Ftj,Rd  


Mj,Rd = 48,00 [kN*m] Connection resistance for bending [6.2] 


Mb1,Ed / Mj,Rd ≤ 1,0 0,42 < 1,00 verified (0,42) 


Connection resistance for shear 


v = 0,60  Coefficient for calculation of Fv,Rd [Table 3.4] 


Fv,Rd = 100,37 [kN] Shear resistance of a single bolt [Table 3.4] 


Ft,Rd,max = 117,56 [kN] Tensile resistance of a single bolt [Table 3.4] 


Fb,Rd,int = 288,00 [kN] Bearing resistance of an intermediate bolt [Table 3.4] 


Fb,Rd,ext = 178,38 [kN] Bearing resistance of an outermost bolt [Table 3.4] 


Nr Ftj,Rd,N Ftj,Ed,N Ftj,Rd,M Ftj,Ed,M Ftj,Ed Fvj,Rd 


1 235,12 -4,16 222,12 92,50 88,34 146,87 


2 235,12 -4,16 152,21 63,38 59,22 164,62 


Ftj,Rd,N – Bolt row resistance for simple tension 


Ftj,Ed,N – Force due to axial force in a bolt row  


Ftj,Rd,M – Bolt row resistance for simple bending 


Ftj,Ed,M – Force due to moment in a bolt row 


Ftj,Ed – Maximum tensile force in a bolt row 


Fvj,Rd – Reduced bolt row resistance 
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Ftj,Ed,N = Nj,Ed Ftj,Rd,N / Nj,Rd  


Ftj,Ed,M = Mj,Ed Ftj,Rd,M / Mj,Rd  


Ftj,Ed = Ftj,Ed,N + Ftj,Ed,M  


Fvj,Rd = Min (nh Fv,Ed (1 - Ftj,Ed/ (1.4 nh Ft,Rd,max), nh Fv,Rd , nh Fb,Rd))  


Vj,Rd = nh ∑1
n Fvj,Rd [Table 3.4] 


Vj,Rd = 311,49 [kN] Connection resistance for shear [Table 3.4] 


Vb1,Ed / Vj,Rd ≤ 1,0 0,15 < 1,00 verified (0,15) 


Weld resistance 


Aw = 39,17 [cm2] Area of all welds [4.5.3.2(2)] 


Awy = 20,13 [cm2] Area of horizontal welds [4.5.3.2(2)] 


Awz = 19,04 [cm2] Area of vertical welds [4.5.3.2(2)] 


Iwy = 2918,15 [cm4] Moment of inertia of the weld arrangement with respect to the hor. axis [4.5.3.2(5)] 


⊥max=⊥max = -66 [MPa] Normal stress in a weld [4.5.3.2(5)] 


⊥=⊥ = -60 [MPa] Stress in a vertical weld [4.5.3.2(5)] 


II = 24 [MPa] Tangent stress [4.5.3.2(5)] 


w = 0,80  Correlation coefficient [4.5.3.2(7)] 


[⊥max
2 + 3*(⊥max


2)] ≤ fu/(w*M2) 132 < 360 verified (0,37) 


[⊥2 + 3*(⊥2+II
2)] ≤ fu/(w*M2) 128 < 360 verified (0,35) 


⊥ ≤ 0.9*fu/M2 66 < 259 verified (0,25) 


Connection stiffness 


twash = 4 [mm] Washer thickness [6.2.6.3.(2)] 


hhead = 12 [mm] Bolt head height [6.2.6.3.(2)] 


hnut = 16 [mm] Bolt nut height [6.2.6.3.(2)] 


Lb = 57 [mm] Bolt length [6.2.6.3.(2)] 


k10 = 4 [mm] Stiffness coefficient of bolts [6.3.2.(1)] 


STIFFNESSES OF BOLT ROWS 


Nr hj k3 k4 k5 keff,j keff,j hj keff,j hj
2 


          Sum 9,31 158,31 


1 193    


 


  4 7,96 153,78 
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Nr hj k3 k4 k5 keff,j keff,j hj keff,j hj
2 


119 


2 33    


 


  


106 


4 1,36 4,53 


keff,j = 1 / (∑3
5 (1 / ki,j))  [6.3.3.1.(2)] 


zeq = ∑j keff,j hj
2 / ∑j keff,j hj   


zeq = 170 [mm] Equivalent force arm [6.3.3.1.(3)] 


keq = ∑j keff,j hj / zeq   


keq = 5 [mm] Equivalent stiffness coefficient of a bolt arrangement [6.3.3.1.(1)] 


Sj,ini = E zeq
2 keq  [6.3.1.(4)] 


Sj,ini = 33244,38 [kN*m] Initial rotational stiffness [6.3.1.(4)] 


 = 1,00  Stiffness coefficient of a connection [6.3.1.(6)] 


Sj = Sj,ini /  [6.3.1.(4)] 


Sj = 33244,38 [kN*m] Final rotational stiffness [6.3.1.(4)] 


Connection classification due to stiffness. 


Sj,rig = 38458,46 [kN*m] Stiffness of a rigid connection [5.2.2.5] 


Sj,pin = 2403,65 [kN*m] Stiffness of a pinned connection [5.2.2.5] 


Sj,pin ≤ Sj,ini < Sj,rig SEMI-RIGID  


Weakest component: 


BEAM FLANGE AND WEB - COMPRESSION  


Connection conforms to the code Ratio 0,42 
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4. Typical connection column-girder for I profile frame of tank DUMP TANK EC BA311 


  
   


 


Autodesk Robot Structural Analysis Professional 2015  


Design of welded beam-to-column connection  


PN-EN 1993-1-8:2006/AC:2009 


 


 


Ratio  


0,66 


 


 


General 


Connection no.: 35 


Connection name: Naroże ramy 


Structure node: 75 


Structure bars: 65, 103 


Geometry 


Column 


Section: IPE 240 


Bar no.: 65 


 = -90,0 [Deg] Inclination angle  


hc = 240 [mm] Height of column section  


bfc = 120 [mm] Width of column section  


twc = 6 [mm] Thickness of the web of column section  
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 = -90,0 [Deg] Inclination angle  


tfc = 10 [mm] Thickness of the flange of column section  


rc = 15 [mm] Radius of column section fillet  


Ac = 39,12 [cm2] Cross-sectional area of a column  


Ixc = 3891,63 [cm4] Moment of inertia of the column section  


Material: S 235 


fyc = 235 [MPa] Resistance  


Beam 


Section: IPE 240 


Bar no.: 103 


 = 0,0 [Deg] Inclination angle  


hb = 240 [mm] Height of beam section  


bf = 120 [mm] Width of beam section  


twb = 6 [mm] Thickness of the web of beam section  


tfb = 10 [mm] Thickness of the flange of beam section  


rb = 15 [mm] Radius of beam section fillet  


rb = 15 [mm] Radius of beam section fillet  


Ab = 39,12 [cm2] Cross-sectional area of a beam  


Ixb = 3891,63 [cm4] Moment of inertia of the beam section  


Material: S 235 


fyb = 235 [MPa] Resistance  


Upper stiffener 


wu = 120 [mm] Plate width  


tfu = 4 [mm] Flange thickness  


hu = 90 [mm] Plate height  


twu = 8 [mm] Web thickness  


lu = 90 [mm] Plate length  


 = 45,0 [Deg] Inclination angle  


Material: S 235 


fybu = 235 [MPa] Resistance  
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Column stiffener 


Upper 


hsu = 220 [mm] Stiffener height  


bsu = 57 [mm] Stiffener width  


thu = 10 [mm] Stiffener thickness  


Material: S 235 


fysu = 235 [MPa] Resistance  


Lower 


hsd = 220 [mm] Stiffener height  


bsd = 57 [mm] Stiffener width  


thd = 10 [mm] Stiffener thickness  


Material: S 235 


fysu = 235 [MPa] Resistance  


Plate strengthening column web 


Typ: unilateral 


ha = 218 [mm] Plate length  


wa = 160 [mm] Plate width  


ta = 8 [mm] Plate thickness  


Material: S 235 


fya = 235 [MPa] Resistance  


Fillet welds 


aw = 3 [mm] Web weld  


af = 5 [mm] Flange weld  


as = 5 [mm] Stiffener weld  


afu = 5 [mm] Horizontal weld  


ap1 = 5 [mm] Horizontal weld  


ap2 = 5 [mm] Vertical weld  


Material factors 


M0 = 1,00  Partial safety factor [2.2] 
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M0 = 1,00  Partial safety factor [2.2] 


M1 = 1,00  Partial safety factor [2.2] 


M2 = 1,25  Partial safety factor [2.2] 


M3 = 1,25  Partial safety factor [2.2] 


Loads 


Ultimate limit state 


Case: 3: ULS (2+1)*1.35+5*1.50 


Mb1,Ed = 58,17 [kN*m] Bending moment in the right beam  


Vb1,Ed = 81,22 [kN] Shear force in the right beam  


Nb1,Ed = 104,24 [kN] Axial force in the right beam  


Mc1,Ed = -6,90 [kN*m] Bending moment in the lower column  


Vc1,Ed = -21,93 [kN] Shear force in the lower column  


Nc1,Ed = -157,54 [kN] Axial force in the lower column  


Mc2,Ed = -0,39 [kN*m] Bending moment in the upper column  


Vc2,Ed = 0,77 [kN] Shear force in the upper column  


Nc2,Ed = -76,32 [kN] Axial force in the upper column  


Results 


Beam resistances 


TENSION 


Ab = 39,12 [cm2] Area EN1993-1-1:[6.2.3] 


Ntb,Rd = Ab fyb / M0  


Ntb,Rd = 919,23 [kN] Design tensile resistance of the section EN1993-1-1:[6.2.3] 


Nb1,Ed / Ntb,Rd ≤ 1,0 0,11 < 1,00 verified (0,11) 


SHEAR 


Avb = 26,34 [cm2] Shear area EN1993-1-1:[6.2.6.(3)] 


Vcb,Rd = Avb (fyb / 3) / M0  


Vcb,Rd = 357,43 [kN] Design sectional resistance for shear EN1993-1-1:[6.2.6.(2)] 


Vb1,Ed / Vcb,Rd ≤ 1,0 0,23 < 1,00 verified (0,23) 


BENDING - PLASTIC MOMENT (WITHOUT BRACKETS)  
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Wplb = 366,68 [cm3] Plastic section modulus EN1993-1-1:[6.2.5.(2)] 


Mb,pl,Rd = Wplb fyb / M0  


Mb,pl,Rd = 86,17 [kN*m] Plastic resistance of the section for bending (without stiffeners) EN1993-1-1:[6.2.5.(2)] 


BENDING ON THE CONTACT SURFACE WITH PLATE OR CONNECTED ELEMENT 


Wpl = 442,78 [cm3] Plastic section modulus EN1993-1-1:[6.2.5] 


Mcb,Rd = Wpl fyb / M0  


Mcb,Rd = 104,05 [kN*m] Design resistance of the section for bending EN1993-1-1:[6.2.5] 


Mb1,Ed / Mcb,Rd ≤ 1,0 0,56 < 1,00 verified (0,56) 


FLANGE AND WEB - COMPRESSION 


Mcb,Rd = 104,05 [kN*m] Design resistance of the section for bending EN1993-1-1:[6.2.5] 


hf = 322 [mm] Distance between the centroids of flanges [6.2.6.7.(1)] 


Fc,fb,Rd = Mcb,Rd / hf  


Fc,fb,Rd = 322,87 [kN] Resistance of the compressed flange and web [6.2.6.7.(1)] 


AXIAL FORCES IN BEAM FLANGES 


hf = 322 [mm] Distance between the centroids of flanges  


eN = 26 [mm] Axial force eccentricity  


Nupp = Nb1,Ed / 2 + (-Nb1,Ed eN + Mb1,Ed) / hf  


Nupp = 224,38 [kN] Axial force in the beam top flange  


Nlow = Nb1,Ed / 2 - (-Nb1,Ed eN + Mb1,Ed) / hf  


Nlow = -120,14 [kN] Axial force in the beam bottom flange  


Column resistances 


WEB PANEL - SHEAR 


Mb1,Ed = 58,17 [kN*m] Bending moment (right beam) [5.3.(3)] 


Mb2,Ed = 0,00 [kN*m] Bending moment (left beam) [5.3.(3)] 


Vc1,Ed = -21,93 [kN] Shear force (lower column) [5.3.(3)] 


Vc2,Ed = 0,77 [kN] Shear force (upper column) [5.3.(3)] 


z = 322 [mm] Lever arm [6.2.5] 


Vwp,Ed = (Mb1,Ed - Mb2,Ed) / z - (Vc1,Ed - Vc2,Ed) / 2  


Vwp,Ed = 191,86 [kN] Shear force acting on the web panel [5.3.(3)] 


Avs = 19,14 [cm2] Shear area of the column web EN1993-1-1:[6.2.6.(3)] 
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Avs = 19,14 [cm2] Shear area of the column web EN1993-1-1:[6.2.6.(3)] 


Avp = 9,92 [cm2] Area of the web stiffening plate EN1993-1-1:[6.2.6.(3)] 


Avc = 29,06 [cm2] Shear area EN1993-1-1:[6.2.6.(3)] 


ds = 320 [mm] Distance between the centroids of stiffeners [6.2.6.1.(4)] 


Mpl,fc,Rd = 0,68 [kN*m] Plastic resistance of the column flange for bending [6.2.6.1.(4)] 


Mpl,stu,Rd = 0,70 [kN*m] Plastic resistance of the upper transverse stiffener for bending [6.2.6.1.(4)] 


Mpl,stl,Rd = 0,70 [kN*m] Plastic resistance of the lower transverse stiffener for bending [6.2.6.1.(4)] 


Vwp,Rd = 0.9 ( Avs*fy,wc+Avp*fya ) / (3 M0) + Min(4 Mpl,fc,Rd / ds , (2 Mpl,fc,Rd + Mpl,stu,Rd + Mpl,stl,Rd) / ds)  


Vwp,Rd = 363,36 [kN] Resistance of the column web panel for shear [6.2.6.1] 


Vwp,Ed / Vwp,Rd ≤ 1,0 0,53 < 1,00 verified (0,53) 


WEB - TRANSVERSE COMPRESSION - LEVEL OF THE BEAM BOTTOM FLANGE 


Bearing: 


twc = 9 [mm] Effective thickness of the column web [6.2.6.2.(6)] 


beff,c,wc = 148 [mm] Effective width of the web for compression [6.2.6.2.(1)] 


Avc = 29,06 [cm2] Shear area EN1993-1-1:[6.2.6.(3)] 


 = 0,88  Reduction factor for interaction with shear [6.2.6.2.(1)] 


com,Ed = 57 [MPa] Maximum compressive stress in web [6.2.6.2.(2)] 


kwc = 1,00  Reduction factor conditioned by compressive stresses [6.2.6.2.(2)] 


As = 11,38 [cm2] Area of the web stiffener EN1993-1-1:[6.2.4] 


Fc,wc,Rd1 =  kwc beff,c,wc twc fyc / M0 + As fys / M0  


Fc,wc,Rd1 = 551,96 [kN] Column web resistance [6.2.6.2.(1)] 


Buckling: 


dwc = 190 [mm] Height of compressed web [6.2.6.2.(1)] 


p = 0,56  Plate slenderness of an element [6.2.6.2.(1)] 


 = 1,00  Reduction factor for element buckling [6.2.6.2.(1)] 


s = 5,35  Stiffener slenderness EN1993-1-1:[6.3.1.2] 


s = 1,00  Buckling coefficient of the stiffener EN1993-1-1:[6.3.1.2] 


Fc,wc,Rd2 =  kwc  beff,c,wc twc fyc / M1 + As s fys / M1  


Fc,wc,Rd2 = 551,96 [kN] Column web resistance [6.2.6.2.(1)] 


Final resistance: 
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Fc,wc,Rd,low = Min (Fc,wc,Rd1 , Fc,wc,Rd2)  


Fc,wc,Rd = 551,96 [kN] Column web resistance [6.2.6.2.(1)] 


Nlow / Fc,wc,Rd,low ≤ 1,0 0,22 < 1,00 verified (0,22) 


WEB - TRANSVERSE TENSION - LEVEL OF THE BEAM TOP FLANGE 


twc = 9 [mm] Effective thickness of the column web [6.2.6.3.(8)] 


beff,t,wc = 144 [mm] Effective width of the web for compression [6.2.6.3.(2)] 


Avc = 29,06 [cm2] Shear area EN1993-1-1:[6.2.6.(3)] 


 = 0,90  Reduction factor for interaction with shear [6.2.6.3.(4)] 


As = 11,38 [cm2] Area of the web stiffener EN1993-1-1:[6.2.4] 


Ft,wc,Rd,upp =  beff,t,wc twc fyc / M0 + As fyc / M0  


Ft,wc,Rd = 530,86 [kN] Column web resistance [6.2.6.3.(1)] 


Nupp / Ft,wc,Rd,upp ≤ 1,0 0,42 < 1,00 verified (0,42) 


Weld resistance 


Aw = 47,46 [cm2] Area of all welds [4.5.3.2(2)] 


Awy = 30,98 [cm2] Area of horizontal welds [4.5.3.2(2)] 


Awz = 16,48 [cm2] Area of vertical welds [4.5.3.2(2)] 


Iwy = 7244,80 [cm4] Moment of inertia of the weld arrangement with respect to the hor. axis [4.5.3.2(5)] 


⊥max=⊥max = 116 [MPa] Normal stress in a weld [4.5.3.2(5)] 


⊥=⊥ = 110 [MPa] Stress in a vertical weld [4.5.3.2(5)] 


II = 49 [MPa] Tangent stress [4.5.3.2(5)] 


w = 0,80  Correlation coefficient [4.5.3.2(7)] 


[⊥max
2 + 3*(⊥max


2)] ≤ fu/(w*M2) 231 < 360 verified (0,64) 


[⊥2 + 3*(⊥2+II
2)] ≤ fu/(w*M2) 237 < 360 verified (0,66) 


⊥ ≤ 0.9*fu/M2 116 < 259 verified (0,45) 


Connection stiffness 


Axial force in the beam exceeds 5% of the Npl,Rd strength. According to point 6.3.1.(4), connection stiffness cannot 


be calculated. 
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Weakest component: 


WELDS  


Connection conforms to the code Ratio 0,66 


 


 


5. Typical connection in column of I profile frame for tank DUMP TANK BA311 


 


Autodesk Robot Structural Analysis Professional 2015  


Design of fixed beam-to-beam connection  


PN-EN 1993-1-8:2006/AC:2009 


 


Ratio  
0,67 


 


GENERAL 


Connection no.: 42 


Connection name: Doczołowe 


Structure node: 203 


Structure bars: 435, 436 


GEOMETRY 


LEFT SIDE 


BEAM 


Section: IPE 240 


Bar no.: 435 


 = -180,0 [Deg] Inclination angle  


hbl = 240 [mm] Height of beam section  


bfbl = 120 [mm] Width of beam section  


twbl = 6 [mm] Thickness of the web of beam section  


tfbl = 10 [mm] Thickness of the flange of beam section  


rbl = 15 [mm] Radius of beam section fillet  


Abl = 39,12 [cm2] Cross-sectional area of a beam  


Ixbl = 3891,63 [cm4] Moment of inertia of the beam section  


Material: S 235 
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fyb = 235 [MPa] Resistance  


RIGHT SIDE 


BEAM 


Section: IPE 180 


Bar no.: 436 


 = -0,0 [Deg] Inclination angle  


hbr = 180 [mm] Height of beam section  


bfbr = 91 [mm] Width of beam section  


twbr = 5 [mm] Thickness of the web of beam section  


tfbr = 8 [mm] Thickness of the flange of beam section  


rbr = 9 [mm] Radius of beam section fillet  


Abr = 23,95 [cm2] Cross-sectional area of a beam  


Ixbr = 1316,96 [cm4] Moment of inertia of the beam section  


Material: S 235 


fyb = 235 [MPa] Resistance  


BOLTS 


The shear plane passes through the UNTHREADED portion of the bolt.  


d = 16 [mm] Bolt diameter  


Class = 10.9  Bolt class  


FtRd = 117,56 [kN] Tensile resistance of a bolt  


nh = 2  Number of bolt columns  


nv = 3  Number of bolt rows  


h1 = 65 [mm] Distance between first bolt and upper edge of front plate  


Horizontal spacing ei = 70 [mm] 


Vertical spacing pi = 110;100 [mm] 


PLATE 


hpr = 300 [mm] Plate height  


bpr = 120 [mm] Plate width  


tpr = 25 [mm] Plate thickness  


Material: S 235 


fypr = 235 [MPa] Resistance  


FILLET WELDS 


aw = 4 [mm] Web weld  


af = 6 [mm] Flange weld  


MATERIAL FACTORS 


M0 = 1,00  Partial safety factor [2.2] 


M1 = 1,00  Partial safety factor [2.2] 


M2 = 1,25  Partial safety factor [2.2] 


M3 = 1,25  Partial safety factor [2.2] 


LOADS 


Ultimate limit state 


Case: Manual calculations. 


Mb1,Ed = -17,03 [kN*m] Bending moment in the right beam  


Vb1,Ed = -79,67 [kN] Shear force in the right beam  


Nb1,Ed = -5,34 [kN] Axial force in the right beam  


RESULTS 
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BEAM RESISTANCES 


COMPRESSION 


Ab = 23,95 [cm2] Area EN1993-1-1:[6.2.4] 


Ncb,Rd = Ab fyb / M0  


Ncb,Rd = 562,76 [kN] Design compressive resistance of the section EN1993-1-1:[6.2.4] 


SHEAR 


Avb = 11,25 [cm2] Shear area EN1993-1-1:[6.2.6.(3)] 


Vcb,Rd = Avb (fyb / 3) / M0  


Vcb,Rd = 152,65 [kN] Design sectional resistance for shear EN1993-1-1:[6.2.6.(2)] 


Vb1,Ed / Vcb,Rd ≤ 1,0 0,52 < 1,00 verified (0,52) 


BENDING - PLASTIC MOMENT (WITHOUT BRACKETS)  


Wplb = 166,42 [cm3] Plastic section modulus EN1993-1-1:[6.2.5.(2)] 


Mb,pl,Rd = Wplb fyb / M0  


Mb,pl,Rd = 39,11 [kN*m] Plastic resistance of the section for bending (without stiffeners) EN1993-1-1:[6.2.5.(2)] 


BENDING ON THE CONTACT SURFACE WITH PLATE OR CONNECTED ELEMENT 


Wpl = 166,42 [cm3] Plastic section modulus EN1993-1-1:[6.2.5] 


Mcb,Rd = Wpl fyb / M0  


Mcb,Rd = 39,11 [kN*m] Design resistance of the section for bending EN1993-1-1:[6.2.5] 


BENDING WITH SHEAR ON THE CONTACT SURFACE WITH PLATE OR CONNECTED ELEMENT 


 = 0,00  Reduction factor for shear EN1993-1-1:[6.2.8.(3)] 


Aw = 7,74 [cm2] Web area EN1993-1-1:[6.2.8.(5)] 


MVb,Rd = [Wpl -  Aw
2 / (4 tw)] fyb / M0  


MVb,Rd = 39,10 [kN*m] Reduced resistance (shear) of the section for bending EN1993-1-1:[6.2.8.(5)] 


FLANGE AND WEB - COMPRESSION 


MVb,Rd = 39,10 [kN*m] Reduced resistance (shear) of the section for bending EN1993-1-1:[6.2.8.(5)] 


hf = 172 [mm] Distance between the centroids of flanges [6.2.6.7.(1)] 


Fc,fb,Rd = MVb,Rd / hf  


Fc,fb,Rd = 227,31 [kN] Resistance of the compressed flange and web [6.2.6.7.(1)] 


GEOMETRICAL PARAMETERS OF A CONNECTION 


EFFECTIVE LENGTHS AND PARAMETERS - FRONT PLATE 


Nr m mx e ex p leff,cp leff,nc leff,1 leff,2 leff,cp,g leff,nc,g leff,1,g leff,2,g 


1 28 28 25 25 78 139 60 60 60 - - - - 


2 28 - 25 - 110 175 145 145 145 197 129 129 129 


3 28 - 25 - 110 175 143 143 143 197 126 126 126 


m – Bolt distance from the web 


mx – Bolt distance from the beam flange 


e – Bolt distance from the outer edge 


ex – Bolt distance from the horizontal outer edge 


p – Distance between bolts 


leff,cp – Effective length for a single bolt in the circular failure mode 


leff,nc – Effective length for a single bolt in the non-circular failure mode 


leff,1 – Effective length for a single bolt for mode 1 


leff,2 – Effective length for a single bolt for mode 2 


leff,cp,g – Effective length for a group of bolts in the circular failure mode 


leff,nc,g – Effective length for a group of bolts in the non-circular failure mode 


leff,1,g – Effective length for a group of bolts for mode 1 


leff,2,g – Effective length for a group of bolts for mode 2 


CONNECTION RESISTANCE FOR COMPRESSION 


Nj,Rd = Min ( Ncb,Rd )  


Nj,Rd = 562,76 [kN] Connection resistance for compression [6.2] 


Nb1,Ed / Nj,Rd ≤ 1,0 0,01 < 1,00 verified (0,01) 


CONNECTION RESISTANCE FOR BENDING 


Ft,Rd = 117,56 [kN] Bolt resistance for tension [Table 3.4] 







PROMAR 
Design Office 
 


Project: 
BMW Dingolfing 


Page: 
108 
 


Ft,Rd = 117,56 [kN] Bolt resistance for tension [Table 3.4] 


Bp,Rd = 325,72 [kN] Punching shear resistance of a bolt [Table 3.4] 


Ft,fc,Rd – column flange resistance due to bending 


Ft,wc,Rd – column web resistance due to tension 


Ft,ep,Rd – resistance of the front plate due to bending 


Ft,wb,Rd – resistance of the web in tension 


Ft,fc,Rd = Min (FT,1,fc,Rd , FT,2,fc,Rd , FT,3,fc,Rd) [6.2.6.4] , [Tab.6.2] 


Ft,wc,Rd =  beff,t,wc twc fyc / M0 [6.2.6.3.(1)] 


Ft,ep,Rd = Min (FT,1,ep,Rd , FT,2,ep,Rd , FT,3,ep,Rd) [6.2.6.5] , [Tab.6.2] 


Ft,wb,Rd = beff,t,wb twb fyb / M0 [6.2.6.8.(1)] 


RESISTANCE OF THE BOLT ROW NO. 1 


Ft1,Rd,comp - Formula Ft1,Rd,comp Component 


Ft1,Rd = Min (Ft1,Rd,comp) 193,27 Bolt row resistance 


Ft,ep,Rd(1) = 193,27 193,27 Front plate - tension 


Bp,Rd = 651,44 651,44 Bolts due to shear punching 


Fc,fb,Rd = 227,31 227,31 Beam flange - compression 


RESISTANCE OF THE BOLT ROW NO. 2 


Ft2,Rd,comp - Formula Ft2,Rd,comp Component 


Ft2,Rd = Min (Ft2,Rd,comp) 34,04 Bolt row resistance 


Ft,ep,Rd(2) = 235,12 235,12 Front plate - tension 


Ft,wb,Rd(2) = 181,19 181,19 Beam web - tension 


Bp,Rd = 651,44 651,44 Bolts due to shear punching 


Fc,fb,Rd - ∑1
1 Ftj,Rd = 227,31 - 193,27 34,04 Beam flange - compression 


RESISTANCE OF THE BOLT ROW NO. 3 


Ft3,Rd,comp - Formula Ft3,Rd,comp Component 


Ft3,Rd = Min (Ft3,Rd,comp) 0,00 Bolt row resistance 


Ft,ep,Rd(3) = 235,12 235,12 Front plate - tension 


Ft,wb,Rd(3) = 177,54 177,54 Beam web - tension 


Bp,Rd = 651,44 651,44 Bolts due to shear punching 


Fc,fb,Rd - ∑1
2 Ftj,Rd = 227,31 - 227,31 0,00 Beam flange - compression 


Ft,ep,Rd(3 + 2) - ∑2
2 Ftj,Rd = 470,25 - 34,04 436,21 Front plate - tension - group 


Ft,wb,Rd(3 + 2) - ∑2
2 Ftj,Rd = 318,19 - 34,04 284,15 Beam web - tension - group 


SUMMARY TABLE OF FORCES 


Nr hj Ftj,Rd Ft,fc,Rd Ft,wc,Rd Ft,ep,Rd Ft,wb,Rd Ft,Rd Bp,Rd 


1 271 193,27 - - 193,27 - 235,12 651,44 


2 171 34,04 - - 235,12 181,19 235,12 651,44 


3 61 - - - 235,12 177,54 235,12 651,44 


CONNECTION RESISTANCE FOR BENDING Mj,Rd 


Mj,Rd = ∑ hj Ftj,Rd  


Mj,Rd = 58,20 [kN*m] Connection resistance for bending [6.2] 


Mb1,Ed / Mj,Rd ≤ 1,0 0,29 < 1,00 verified (0,29) 


CONNECTION RESISTANCE FOR SHEAR 


v = 0,60  Coefficient for calculation of Fv,Rd [Table 3.4] 


Fv,Rd = 100,37 [kN] Shear resistance of a single bolt [Table 3.4] 


Ft,Rd,max = 117,56 [kN] Tensile resistance of a single bolt [Table 3.4] 


Fb,Rd,int = 288,00 [kN] Bearing resistance of an intermediate bolt [Table 3.4] 


Fb,Rd,ext = 116,74 [kN] Bearing resistance of an outermost bolt [Table 3.4] 


Nr Ftj,Rd,N Ftj,Ed,N Ftj,Rd,M Ftj,Ed,M Ftj,Ed Fvj,Rd 


1 235,12 -1,78 193,27 56,56 54,78 167,34 


2 235,12 -1,78 34,04 9,96 8,18 195,75 


3 235,12 -1,78 0,00 0,00 -1,78 200,74 


Ftj,Rd,N – Bolt row resistance for simple tension 


Ftj,Ed,N – Force due to axial force in a bolt row  


Ftj,Rd,M – Bolt row resistance for simple bending 


Ftj,Ed,M – Force due to moment in a bolt row 


Ftj,Ed – Maximum tensile force in a bolt row 
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Ftj,Rd,N – Bolt row resistance for simple tension 


Fvj,Rd – Reduced bolt row resistance 


Ftj,Ed,N = Nj,Ed Ftj,Rd,N / Nj,Rd  


Ftj,Ed,M = Mj,Ed Ftj,Rd,M / Mj,Rd  


Ftj,Ed = Ftj,Ed,N + Ftj,Ed,M  


Fvj,Rd = Min (nh Fv,Ed (1 - Ftj,Ed/ (1.4 nh Ft,Rd,max), nh Fv,Rd , nh Fb,Rd))  


Vj,Rd = nh ∑1
n Fvj,Rd [Table 3.4] 


Vj,Rd = 563,83 [kN] Connection resistance for shear [Table 3.4] 


Vb1,Ed / Vj,Rd ≤ 1,0 0,14 < 1,00 verified (0,14) 


WELD RESISTANCE 


Aw = 25,26 [cm2] Area of all welds [4.5.3.2(2)] 


Awy = 13,58 [cm2] Area of horizontal welds [4.5.3.2(2)] 


Awz = 11,68 [cm2] Area of vertical welds [4.5.3.2(2)] 


Iwy = 1085,08 [cm4] Moment of inertia of the weld arrangement with respect to the hor. axis [4.5.3.2(5)] 


⊥max=⊥max = -111 [MPa] Normal stress in a weld [4.5.3.2(5)] 


⊥=⊥ = -105 [MPa] Stress in a vertical weld [4.5.3.2(5)] 


II = -68 [MPa] Tangent stress [4.5.3.2(5)] 


w = 0,80  Correlation coefficient [4.5.3.2(7)] 


[⊥max
2 + 3*(⊥max


2)] ≤ fu/(w*M2) 223 < 360 verified (0,62) 


[⊥2 + 3*(⊥2+II
2)] ≤ fu/(w*M2) 241 < 360 verified (0,67) 


⊥ ≤ 0.9*fu/M2 111 < 259 verified (0,43) 


CONNECTION STIFFNESS 


twash = 4 [mm] Washer thickness [6.2.6.3.(2)] 


hhead = 12 [mm] Bolt head height [6.2.6.3.(2)] 


hnut = 16 [mm] Bolt nut height [6.2.6.3.(2)] 


Lb = 57 [mm] Bolt length [6.2.6.3.(2)] 


k10 = 4 [mm] Stiffness coefficient of bolts [6.3.2.(1)] 


STIFFNESSES OF BOLT ROWS 


Nr hj k3 k4 k5 keff,j keff,j hj keff,j hj
2 


          Sum 18,98 394,82 


1 271     
  
38 


4 9,70 262,91 


2 171     
  
84 


4 6,84 117,04 


3 61     
  
82 


4 2,44 14,86 


keff,j = 1 / (∑3
5 (1 / ki,j))  [6.3.3.1.(2)] 


zeq = ∑j keff,j hj
2 / ∑j keff,j hj   


zeq = 208 [mm] Equivalent force arm [6.3.3.1.(3)] 


keq = ∑j keff,j hj / zeq   


keq = 9 [mm] Equivalent stiffness coefficient of a bolt arrangement [6.3.3.1.(1)] 


Sj,ini = E zeq
2 keq  [6.3.1.(4)] 


Sj,ini = 82911,43 [kN*m] Initial rotational stiffness [6.3.1.(4)] 


 = 1,00  Stiffness coefficient of a connection [6.3.1.(6)] 


Sj = Sj,ini /  [6.3.1.(4)] 


Sj = 82911,43 [kN*m] Final rotational stiffness [6.3.1.(4)] 


Connection classification due to stiffness. 


Sj,rig = 11062,46 [kN*m] Stiffness of a rigid connection [5.2.2.5] 


Sj,pin = 691,40 [kN*m] Stiffness of a pinned connection [5.2.2.5] 


Sj,ini  Sj,rig RIGID 
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WEAKEST COMPONENT: 


WELDS  


REMARKS 


Selected connection type can be made only of identical sections.  


   
   


Connection conforms to the code Ratio 0,67 
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1. SUMMARY/ ZUSAMMENFASSUNG 


 The purpose of this report is to present the design of the tank ECPK011/ Das Ziel 


dieses Berichts ist die Statik-Berechnung des Tanks ECPK011 vorzustellen.  


 
1. Figure. Isometric view/ Isometrische Ansicht 


 
2. Figure. Plan/ Grundriss 
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3. Figure. Principal sections/ Schnitte 
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2. BOUNDARY CONDITIONS/ AUFLAGERBEDINGUNGEN 


 


 
4. Figure. Scheme of the tank and platform/ Schema des Tanks und Plattform 


 


The stability of structure is restrained by fixed columns in longitudinal direction, cover plates. Die 


Stabilität der Konstruktion in Längsrichtung wird durch die feststehenden Stützen und Deckbleche 


garantiert. 


3. CALCULATIONS CODE/ NORMEN 


Design of steel structures – EN 1993-1-1 


Design of steel structures – Part 4-2: Tanks – EN 1993-4-2 


  







 


Company: MB “Konstrukcijos” 


Project: DE-2102635-CR-1 tank PK011 
BMW Dingolfilg Revision 0 
 Page 6 of 25 


4. LOADS AND LOAD COMBINATIONS/ LASTEN UND 
LASTKOMBINATIONEN 


The load values were recalculated and applied/ Die Belastungen wurden neu berechnet und 


angewendet: 


1. Self weight/ Eigengewicht 


2. Dead load/ Ständige Last: 


 hydrostatic pressure: 11,0 kN/m3. The deep of the tank is 3,51 m, then the 


pressure 3,51x11=38,61 kPa/ hydrostatischer Druck: 11,0 kN / m3. Die 


Tiefe des Tanks beträgt 3,51 m, der Druck 3,51 x 11 = 38,61 kPa 


3. Moving load (Load track)/ Verkehrslast (Fahrschiene) 


 
Vertical load Fy2 in every 6,8 m has been applied on the tank with dynamic safety factor 1,1. 


Fy2=7x1,1=7,7 kN/ Die vertikale Belastung Fy2 in Abständen von 6,8 m wurde mit dem 


dynamischen Sicherheitsfaktor 1,1 auf den Tank eingebracht. Fy2 = 7 × 1,1 = 7,7 kN 
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5. Figure. Hydrostatic pressure on the sheets of the tank – loadcase No 2/ Der hydrostatische 


Druck auf den Blättern des Tanks - Lastfall No 2 


 


6. Figure. Moving load – loadcase No 3/ Verkehrslast - Lastfall Nr 3 
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The combination were generated according superposition principles/ Die Kombination wurde 


nach Überlagerungsprinzipien erzeugt. 


Load factors/ Belastungsfaktoren:: 
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5. CONSIDERATIONS/ ANNAHMEN 


For a design of the steelwork, these considerations have been applied/ Bei der Bemessung 


des Stahlwerks wurden folgende Annahmen angenommen: 


 Steel grade of elements is S235/ Die Stahlsorte der Elemente ist S235 


 
 


 
7. Figure.  Material designations/ Materialbezeichnungen 
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8. Figure.  Designation of element group/ Bezeichnung der Elementgruppe  


 


 
9. Figure.  Designation of element group/ Bezeichnung der Elementgruppe  
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10. Sectional designation of element group No 4/ Querschnittsbezeichnung der 


Elementgruppe Nr. 4 


 
11. Sectional designation of element group No 3, 5, 14/  Querschnittsbezeichnung der 


Elementgruppe Nr. 3, 5, 14 
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12. Sectional designation of element group No 7/ Querschnittsbezeichnung der 


Elementgruppe Nr. 7 


 
13. Sectional designation of element group No 6, 8, 9/ Querschnittsbezeichnung der 


Elementgruppe Nr. 6, 8, 9 
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14. Sectional designation of element group No 10/ Querschnittsbezeichnung der 


Elementgruppe Nr. 10 
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15. Sectional designation of element group No 11/ Querschnittsbezeichnung der 


Elementgruppe Nr. 11 


 
16. Sectional designation of element group No 12/ Querschnittsbezeichnung der 


Elementgruppe Nr. 12 
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6. RESULTS/ ERGEBNISSE 


 
17. Figure. Design results in ULS. Support forces in global Z/ Bemessungsergebnisse in GZT. 


Auflagerkräfte in globalen Z 


 
18. Figure. Design results in ULS. Support forces in global X/ Bemessungsergebnisse in GZT. 


Auflagerkräfte in globalen X 


 


 
19. Figure. Design results in ULS. Support forces in global Y/ Bemessungsergebnisse in GZT. 


Auflagerkräfte in globalen Y 
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20. Figure. Design results in ULS. Support moment about global X/ Bemessungsergebnisse in 


GZT. Auflagermomente um Global X 


 


 
21. Figure. Design results in SLS. Nodal displacements in global X of the tank/  


Bemessungsergebnisse in GZG. Knotenverschiebungen in der globalen X des Tanks 
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22. Figure. Design results in SLS. Nodal displacements in global Y of the tank/ 


Bemessungsergebnisse in GZG. Knotenverschiebungen in der globalen Y des Tanks 


 


 
23. Figure. Design results in SLS. Nodal displacements in global Z of the tank/ 


Bemessungsergebnisse in GZG. Knotenverschiebungen in der globalen Z des Tanks 
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24. Figure. Design results in ULS. Maximum v. Mises stress in the bottom shell of the tank/ 


Maximum v. Mises Spannung in der Bodenschale des Tanks 


 
25. Figure. Design results in ULS. Maximum v. Mises stress in the left side shell of the tank/ 


Maximum v. Mises Spannung in der linken Seitenschale des Tanks 


 
26. Figure. Design results in ULS. Maximum v. Mises stress in the right side shell of the tank/ 


Maximum v. Mises Spannung in der rechten Tankschale 
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27. Figure. Design results in ULS. Utilization ratios of section resistance of elements of group No.3/ 


Ausnutzungsgrade der Querschnitte von Elementen der Gruppe No.3 


 
28. Figure. Design results in ULS. Utilization ratios of section resistance of elements of groups 


No.4/ Ausnutzungsgrade der Querschnitte von Elementen der Gruppe No.4 
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29. Figure. Nodal displacement and utilization ratios of section resistance of elements of groups 


No.7/ Ausnutzungsgrade der Querschnitte von Elementen der Gruppe No.7 


 


 
30. Figure. Nodal displacement in global Z and X of elements of group No. 9/ 


Knotenverschiebung in globalem Z und X von Elementen der Gruppe Nr. 9 
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31. Figure. Utilization ratios of section resistance of elements of groups No. 9/ 


Ausnutzungsgrade der Querschnitte von Elementen der Gruppe No.9 


 
32. Figure. Utilization ratios of section resistance of elements of groups No. 6, 8/ 


Ausnutzungsgrade der Querschnitte von Elementen der Gruppe No.6, 8 
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33. Figure. Utilization ratios of section resistance of elements of groups No. 10 (longitudinal 


elements of side walls) / Ausnutzungsgrade der Querschnitte von Elementen der Gruppe No.10 


 


 
34. Figure. Utilization ratios of section resistance of elements of groups No. 11 (longitudinal 


elements of tank bottom) / Ausnutzungsgrade der Querschnitte von Elementen der Gruppe No.11 
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35. Figure. Utilization ratios of section resistance of elements of groups No. 12 (ribs of bottom tank 


sloped side walls) / Ausnutzungsgrade der Querschnitte von Elementen der Gruppe No.12 


 
36. Figure. Utilization ratios of section resistance of elements of groups No. 14 (frame brackets) / 


Ausnutzungsgrade der Querschnitte von Elementen der Gruppe No.14 
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Conclusion: the designed steelwork meets the requirements in both ultimate and serviceability 


limit states. 


Fazit: Das analysierte Stahlwerk erfüllt die Anforderungen sowohl im GZT als auch im GZG. 
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1. SUMMARY/ ZUSAMMENFASSUNG 


 The purpose of this report is to present the design of the tank ECPS021/ Das Ziel 


dieses Berichts ist die Statik-Berechnung des Tanks ECPS021 vorzustellen.  


 
1. Figure. Plan/ Grundriss 
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2. Figure. Principal sections/ Schnitte 
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2. BOUNDARY CONDITIONS/ AUFLAGERBEDINGUNGEN 


 
3. Figure. Scheme of the tank and platform/ Schema des Tanks und Plattform 


 


The stability of structure is restrained by fixed columns in longitudinal direction, cover plates. Die 


Stabilität der Konstruktion in Längsrichtung wird durch die feststehenden Stützen und Deckbleche 


garantiert. 


3. CALCULATIONS CODE/ NORMEN 
Design of steel structures – EN 1993-1-1 


Design of steel structures – Part 4-2: Tanks – EN 1993-4-2 
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4. LOADS AND LOAD COMBINATIONS/ LASTEN UND 
LASTKOMBINATIONEN 


The load values were recalculated and applied/ Die Belastungen wurden neu berechnet und 


angewendet: 


1. Self weight/ Eigengewicht 


2. Dead load/ Ständige Last: 


 hydrostatic pressure: 10,0 kN/m3. The deep of the tank is 1,65 m, then the 


pressure 1,65x10=16,5 kPa/ hydrostatischer Druck: 10,0 kN / m3. Die Tiefe 


des Tanks beträgt 1,65 m, der Druck 1,65 x 10 = 16,5 kPa 


 
4. Figure. Hydrostatic pressure on the sheets of the tank – loadcase No 2/ Der hydrostatische 


Druck auf den Blättern des Tanks - Lastfall No 2 


 
3. Live load 1,5 kPa on platform. Nutzlasten 1,5 kPa 
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5. Figure. Live load – loadcase No 3/ Nutzlasten - Lastfall Nr 3 


 


 


 


 


The combination were generated according superposition principles/ Die Kombination wurde 


nach Überlagerungsprinzipien erzeugt. 


Load factors/ Belastungsfaktoren:: 
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5. CONSIDERATIONS/ ANNAHMEN 


For a design of the steelwork, these considerations have been applied/ Bei der Bemessung 


des Stahlwerks wurden folgende Annahmen angenommen: 


 Steel grade of tank is stainless steel EN 1.4307/ Die Stahlsorte des Tanks ist Edelstahl EN 


1.4307 


 Steel grade of elements is S235/ Die Stahlsorte der Elemente ist S235 
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6. Figure.  Material designations/ Materialbezeichnungen 
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7. Figure.  Designation of element group/ Bezeichnung der Elementgruppe  


 
8. Figure.  Designation of element group/ Bezeichnung der Elementgruppe  
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9. Sectional designation / Querschnittsbezeichnung 


 
10. Sectional designation of element group No 1…8/  Querschnittsbezeichnung der 


Elementgruppe Nr. 1...8 
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6. RESULTS/ ERGEBNISSE 


 
11. Figure. Design results in ULS. Support forces in global Z/ Bemessungsergebnisse in GZT. 


Auflagerkräfte in globalen Z 


 
12. Figure. Design results in ULS. Support forces in global X/ Bemessungsergebnisse in GZT. 


Auflagerkräfte in globalen X 
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13. Figure. Design results in ULS. Support forces in global Y/ Bemessungsergebnisse in GZT. 


Auflagerkräfte in globalen Y 


 
14. Figure. Design results in ULS. Support moment about global X/ Bemessungsergebnisse in 


GZT. Auflagermomente um Global X 


 







 


Company: MB “Konstrukcijos” 


Project: DE-2102635-CR-2 tank PS021 
BMW Dingolfilg Revision 0 
 Page 15 of 20 


 
15. Figure. Design results in SLS. Nodal displacements in global X of the tank/  


Bemessungsergebnisse in GZG. Knotenverschiebungen in der globalen X des Tanks 


 
16. Figure. Design results in SLS. Nodal displacements in global Y of the tank/ 


Bemessungsergebnisse in GZG. Knotenverschiebungen in der globalen Y des Tanks 
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17. Figure. Design results in SLS. Nodal displacements in global Z / Bemessungsergebnisse in 


GZG. Knotenverschiebungen in der globalen Z 







 


Company: MB “Konstrukcijos” 


Project: DE-2102635-CR-2 tank PS021 
BMW Dingolfilg Revision 0 
 Page 17 of 20 


 
18. Figure. Design results in ULS. Maximum v. Mises stress in the bottom shell of the tank/ 


Maximum v. Mises Spannung in der Bodenschale des Tanks 


 
19. Figure. Design results in ULS. Maximum v. Mises stress in the sides shells of the tank/ 


Maximum v. Mises Spannung in der Seitenschale des Tanks 
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20. Figure. Design results in ULS. Utilization ratios of section resistance of elements of group 


No.1…6/ Ausnutzungsgrade der Querschnitte von Elementen der Gruppe No.1...6 
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21. Figure. Design results in ULS. Utilization ratios of section resistance of elements of groups 


No.1…6, 9…17/ Ausnutzungsgrade der Querschnitte von Elementen der Gruppe No.1...6, 9...17 
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Conclusion: the designed steelwork meets the requirements in both ultimate and serviceability 


limit states. 


Fazit: Das analysierte Stahlwerk erfüllt die Anforderungen sowohl im GZT als auch im GZG. 
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1. SUMMARY/ ZUSAMMENFASSUNG 


 The purpose of this report is to present the design of the tank ECPS022/ Das Ziel 


dieses Berichts ist die Statik-Berechnung des Tanks ECPS022 vorzustellen.  


 
1. Figure. Isometric view/ Isometrische Ansicht 


 
2. Figure. Plan/ Grundriss 
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3. Figure. Principal sections/ Schnitte 
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2. BOUNDARY CONDITIONS/ AUFLAGERBEDINGUNGEN 


 
4. Figure. Scheme of the tank and platform/ Schema des Tanks und Plattform 


 


The stability of structure is restrained by fixed columns in longitudinal direction, cover plates. Die 


Stabilität der Konstruktion in Längsrichtung wird durch die feststehenden Stützen und Deckbleche 


garantiert. 


3. CALCULATIONS CODE/ NORMEN 
Design of steel structures – EN 1993-1-1 


Design of steel structures – Part 4-2: Tanks – EN 1993-4-2 
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4. LOADS AND LOAD COMBINATIONS/ LASTEN UND 
LASTKOMBINATIONEN 


The load values were recalculated and applied/ Die Belastungen wurden neu berechnet und 


angewendet: 


1. Self weight/ Eigengewicht 


2. Dead load/ Ständige Last: 


 hydrostatic pressure: 10,0 kN/m3. The deep of the tank is 3,11 m, then the 


pressure 3,11x10=31,1 kPa/ hydrostatischer Druck: 10,0 kN / m3. Die Tiefe 


des Tanks beträgt 3,11 m, der Druck 3,11 x 10 = 31,1 kPa 


 
5. Figure. Hydrostatic pressure on the sheets of the tank – loadcase No 2/ Der hydrostatische 


Druck auf den Blättern des Tanks - Lastfall No 2 


 
3. Live load 1,5 kPa on platform. Nutzlasten 1,5 kPa 
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6. Figure. Live load – loadcase No 3/ Nutzlasten - Lastfall Nr 3 


 


 


 


 


The combination were generated according superposition principles/ Die Kombination wurde 


nach Überlagerungsprinzipien erzeugt. 


Load factors/ Belastungsfaktoren:: 
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5. CONSIDERATIONS/ ANNAHMEN 


For a design of the steelwork, these considerations have been applied/ Bei der Bemessung 


des Stahlwerks wurden folgende Annahmen angenommen: 


 Steel grade of tank is stainless steel EN 1.4307/ Die Stahlsorte des Tanks ist Edelstahl EN 


1.4307 


 Steel grade of elements is S235/ Die Stahlsorte der Elemente ist S235 


 


 
 


 
7. Figure.  Material designations/ Materialbezeichnungen 
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8. Figure.  Designation of element group/ Bezeichnung der Elementgruppe  


 
9. Figure.  Designation of element group/ Bezeichnung der Elementgruppe  
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10. Sectional designation / Querschnittsbezeichnung 


 
11. Sectional designation of element group No 1…9/  Querschnittsbezeichnung der 


Elementgruppe Nr. 1...9 
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6. RESULTS/ ERGEBNISSE 


 
12. Figure. Design results in ULS. Support forces in global Z/ Bemessungsergebnisse in GZT. 


Auflagerkräfte in globalen Z 


 
13. Figure. Design results in ULS. Support forces in global X/ Bemessungsergebnisse in GZT. 


Auflagerkräfte in globalen X 
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14. Figure. Design results in ULS. Support forces in global Y/ Bemessungsergebnisse in GZT. 


Auflagerkräfte in globalen Y 


 
15. Figure. Design results in ULS. Support moment about global X/ Bemessungsergebnisse in GZT. 


Auflagermomente um Global X 
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16. Figure. Design results in SLS. Nodal displacements in global X of the tank/  


Bemessungsergebnisse in GZG. Knotenverschiebungen in der globalen X des Tanks 


 
17. Figure. Design results in SLS. Nodal displacements in global Y of the tank/ 


Bemessungsergebnisse in GZG. Knotenverschiebungen in der globalen Y des Tanks 
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18. Figure. Design results in SLS. Nodal displacements in global Z / Bemessungsergebnisse in 


GZG. Knotenverschiebungen in der globalen Z 


 
19. Figure. Design results in ULS. Maximum v. Mises stress in the bottom shell of the tank/ 


Maximum v. Mises Spannung in der Bodenschale des Tanks 
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20. Figure. Design results in ULS. Maximum v. Mises stress in the sides shells of the tank/ 


Maximum v. Mises Spannung in der Seitenschale des Tanks 


 
21. Figure. Design results in ULS. Utilization ratios of section resistance of elements of group 


No.1…6/ Ausnutzungsgrade der Querschnitte von Elementen der Gruppe No.1...6 
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22. Figure. Design results in ULS. Utilization ratios of section resistance of elements of groups 


No.1…5, 7…9/ Ausnutzungsgrade der Querschnitte von Elementen der Gruppe No.1...5, 7...9 
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Conclusion: the designed steelwork meets the requirements in both ultimate and serviceability 


limit states. 


Fazit: Das analysierte Stahlwerk erfüllt die Anforderungen sowohl im GZT als auch im GZG. 
 


 





