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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:
e 190214_Dump-tank-dimensioning_neu_BMW_Dglf first_set.xls
e 190329 Dump-tank-dimensioning_neu_BMW_Dglf.pdf
e ECBA311L1_.pdf
e ECBA321L1.pdf
e 190329 Dump-tank-dimensioning_neu_BMW_Dglf.pdf
e 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/m?® in EC BA321

LIQ - hydrostatic pressure: 10,5 kN/m®  in ECDS111AB L1 L2

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

3. Platform — 1.5 kN/m?(live load) and 0.25 kN/m ( barrier) in EC BA311
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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 % [n POINT: 1 COORDINATE: x=0.50L=1.70
m

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

MATERIAL:
Steel (S235)  fy=235MPa

+

SECTION PARAMETERS: IPE 200

h=20.0 cm gMO0=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 ly=1943.17 cm4 12=142.37 cm4 I1Xx=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
My,c,Rd = 51.85 kKN*m

MN,y,Rd = 51.85 kN*m

Mz,pl,Rd = 10.48 KN*m
Mz,c,Rd = 10.48 kN*m
MN,z,Rd = 10.48 KN*m

Tau,y,max,Ed = -6 MPa
Vz,Ed = 60.63 kN
Tau,z,max,Ed = 61 MPa
Tt,Ed = 0.10 KN*m
Class of section=1

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

X About y axis:

X 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

=i

Deflections

uy =0.0cm < uy max = L/250.00 =1.4 cm
Governing Load Case: 4 SLS (1+2)*1.00
uz=0.0cm < uz max = L/250.00 =1.4 cm
Governing Load Case: 4 SLS (1+2)*1.00

F_ Displacements Not analyzed

Verified

Verified

Section OK 11
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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=0.00L=0.00m

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

MATERIAL:
Steel (S235)  fy=235MPa

Z

£
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 ly=1943.17 cm4 12=142.37 cm4 I1Xx=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 kKN*m  Tau,z,max,Ed = 29 MPa
Tt,Ed = 0.02 KN*m
Class of section=1

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

= | 4 |
— Abouty axis: About z axis:

Ly=3.66m Lam_y = 0.24

Ler,y=1.83m 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

=i

Deflections Not analyzed

F_ Displacements

vx=0.0cm < vx max =L/150.00 =2.4cm Verified
Governing Load Case: 4 SLS (1+2)*1.00
vy =0.1cm < vy max =L/150.00 = 2.4 cm Verified

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

Section OK 11
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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=0.17L=0.06 m

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

MATERIAL:
S235 (S235) fy=235MPa

¥
E} SECTION PARAMETERS: TRON 76x5

h=7.6 cm gMO0=1.00 gM1=1.00
Ay=7.11 cm2 Az=7.11 cm2 Ax=11.17 cm2
tw=0.5cm ly=70.92 cm4 12=70.92 cm4 1x=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 kKN*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:

o o—
About y axis: About z axis:
Ly=0.34m Lam_y =0.36 Lz=0.34m Lam_z =0.36
Ler,y=0.85m Xy =0.96 Lcr,z=0.85m 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)*gMO0)) = 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

=i

Deflections Not analyzed

r Displacements

vx =0.0cm < vx max =L/150.00 =0.2 cm Verified
Governing Load Case: 4 SLS (1+2)*1.00
vy =0.0cm < vy max = L/150.00 = 0.2 cm Verified

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

Section OK !!1
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3.2 Main frame - in the middle

- 1240 profile
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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 3% |n POINT: 1 COORDINATE: x=0.03L=0.10
m
LOADS:
Governing Load Case: 3 ULS (1+2)*1.35
MATERIAL:
Steel (S235)  fy=235MPa
+
SECTION PARAMETERS: IPE 200
h=20.0 cm gMO0=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 ly=1943.17 cm4 12=142.37 cm4 1x=6.46 cm4
tf=0.9 cm Wply=220.66 cm3 Wplz=44.61 cm3

INTERNAL FORCES AND CAPACITIES:

N,Ed =-129.94 kN
Nt,Rd = 669.38 kN

My,Ed = -25.50 kN*m

My,pl,Rd = 51.85 kN*m
My,c,Rd = 51.85 KN*m
MN,y,Rd = 51.85 kN*m

Mz,Ed = -0.69 KN*m

Mz,pl,Rd = 10.48 kN*m
Mz,c,Rd = 10.48 KN*m
MN,z,Rd = 10.48 kN*m

Vy,Ed = -2.43 kN
Tau,y,max,Ed = -2 MPa
Vz,Ed = 84.21 kN
Tau,z,max,Ed = 85 MPa
Tt,Ed = 0.02 KN*m
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Class of section =1

X

LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

X

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

=i

Deflections

uy =0.0cm < uy max =L/250.00 =1.4cm
Governing Load Case: 4 SLS (1+2)*1.00
uz=0.0cm < uz max = L/250.00 =1.4 cm
Governing Load Case: 4 SLS (1+2)*1.00

r

Displacements Not analyzed

Verified

Verified

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 % |n POINT: 7 COORDINATE: x=0.50L=1.70
m
LOADS:
Governing Load Case: 3 ULS (1+2)*1.35
MATERIAL:
Steel (S235)  fy=235MPa
+
SECTION PARAMETERS: IPE 200
h=20.0 cm gMO0=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 ly=1943.17 cm4 12=142.37 cm4 1x=6.46 cm4
tf=0.9 cm Wply=220.66 cm3 Wplz=44.61 cm3
INTERNAL FORCES AND CAPACITIES:
N,Ed = -17.61 kKN 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
My,c,Rd = 51.85 KN*m

MN,y,Rd = 51.85 kN*m

Mz,pl,Rd = 10.48 kN*m
Mz,c,Rd = 10.48 kN*m
MN,z,Rd = 10.48 kN*m

Tau,y,max,Ed = -6 MPa
Vz,Ed = -61.26 kN
Tau,z,max,Ed = -62 MPa
Tt,Ed = 0.04 KN*m
Class of section =1
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X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:
X About y axis: X 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

=i .
Deflections
uy =0.0cm < uy max = L/250.00 =1.4 cm Verified
Governing Load Case: 4 SLS (1+2)*1.00
uz =0.0cm < uz max = L/250.00 =1.4 cm Verified

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

F_ Displacements Not analyzed

Section OK !!11
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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=0.03L=0.10m

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

MATERIAL:
Steel (S235)  fy=235MPa

Z

=+
SECTION PARAMETERS: IPE 240

h=24.0 cm gMO0=1.00 gM1=1.00

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

tw=0.6 cm ly=3891.63 cm4 12=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 kKN*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

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

- . ) 4 .
About y axis: About z axis:
Ly=370m Lam_y =0.20
Lery=1.85m 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

=i

Deflections Not analyzed

F_ Displacements

vx =0.0cm < vx max =L/150.00 =2.5¢cm Verified
Governing Load Case: 4 SLS (1+2)*1.00
vy =0.1cm < vy max =L/150.00 =2.5¢cm Verified

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

Section OK 11
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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=0.00L=0.00m

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

MATERIAL:
Steel (S235)  fy=235MPa

Z

=+
SECTION PARAMETERS: IPE 200

h=20.0 cm gMO0=1.00 gM1=1.00

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

tw=0.6 cm ly=1943.17 cm4 12=142.37 cm4 1x=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 kKN*m  Tau,z,max,Ed = 31 MPa
Tt,Ed =-0.01 KN*m
Class of section=1

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

- . ) 4 .
About y axis: About z axis:
Ly=374m Lam_y=0.24
Lery=1.87m 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

=i

Deflections Not analyzed

F_ Displacements

vx =0.0cm < vx max =L/150.00 =2.5¢cm Verified
Governing Load Case: 4 SLS (1+2)*1.00
vy =0.1cm < vy max =L/150.00 =2.5¢cm Verified

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

Section OK !!1





PROMAR Project: Page:
Design Office BMW Dingolfing 14

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=0.17L=0.05m

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

MATERIAL:
S235 (S235)  fy=235MPa

E} 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=0.5cm ly=70.92 cm4 12=70.92 cm4 1x=141.84 cm4
Wply=25.32 cm3 Wplz=25.32 cm3
INTERNAL FORCES AND CAPACITIES:
N,Ed = 161.88 kN My,Ed = 0.01 kKN*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

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

o o
About y axis: About z axis:

Ly=0.30m Lam_y =0.32 Lz=0.30m Lam_z=10.32

Ler,y=0.75m Xy =0.97 Ler,z=0.75m 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)*gMQ0)) = 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

a1

Deflections Not analyzed

F_ Displacements

vx=0.0cm < vx max =L/150.00 =0.2 cm Verified
Governing Load Case: 4 SLS (1+2)*1.00
vy =0.0cm < vy max = L/150.00 =0.2 cm Verified

Governing Load Case: 4 SLS (1+2)*1.00
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Section OK 11

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-heam_214 POINT: 4 COORDINATE: x=050L=1.70m

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

MATERIAL:
S235 (S235) fy=235MPa

¥
E} SECTION PARAMETERS: TRON 76x5

h=7.6 cm gMO0=1.00 gM1=1.00
Ay=7.11 cm2 Az=7.11 cm2 Ax=11.17 cm2
tw=0.5 cm ly=70.92 cm4 12=70.92 cm4 1x=141.84 cm4
Wply=25.32 cm3 Wplz=25.32 cm3
INTERNAL FORCES AND CAPACITIES:
N,Ed = -72.50 kKN 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:

X About y axis: X 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 !!1
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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=0.33L=0.05
m

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

MATERIAL:
S235 (S235) fy=235MPa
Z
B
SECTION PARAMETERS: pl_5x80

h=8.0 cm gMO0=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 ly=21.33 cm4 1z=0.08 cm4 1x=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

Nt,Rd = 94.00 kN My,pl,Rd = 1.88 KN*m
My,c,Rd = 1.88 kN*m
MN,y,Rd = 1.65 kN*m

Mz,Ed = 0.00 kN*m

Mz,pl,Rd = 0.12 KN*m
Mz,c,Rd = 0.12 KN*m
MN,z,Rd = 0.08 KN*m

Vy,Ed = -0.15 kN
Tau,y,max,Ed = -9 MPa
Vz,Ed = -4.63 kN
Tau,z,max,Ed = -17 MPa
Tt,Ed = -0.00 KN*m
Class of section=1

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

X About y axis:

X 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 !!1
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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=0.17L=0.05m

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

MATERIAL:
Steel (S235)  fy=235MPa

Z

=+
SECTION PARAMETERS: IPE 240

h=24.0 cm gMO0=1.00 gM1=1.00

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

tw=0.6 cm ly=3891.63 cm4 12=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

ML e

! 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 fiLT=0.45 XLT,mod =1.00

BUCKLING PARAMETERS:

3

1z e

. About y axis: About z axis:
Ly=0.30m Lam_y =0.25 Lz=0.30m Lam_z =0.30
Lery=2.34m Xy =0.99 Ler,z=0.75m 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)*gMO0)) = 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

=i

Deflections Not analyzed

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

Verified

Section OK 11
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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

550

2000

2000

340 340 340

340
170

550

340 340 340

340

170






PROMAR Project: Page:
Design Office BMW Dingolfing 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=0.03L=0.10m

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

MATERIAL:
S235 (S235)  fy=235MPa

Z

L
1t SECTION PARAMETERS: 2 UPN 120
h=12.0cm gM0=1.00 gM1=1.00
b=11.0cm Ay=19.80 cm2 Az=16.80 cm2 Ax=33.77 cm2
tw=0.7 cm ly=728.50 cm4 1z=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:

1-10 = About y axis: X About z axis:
Ly=3.75m Lam_y =0.86
Lery=3.75m 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

=i .
Deflections
uy =0.0cm < uy max = L/250.00=1.5cm Verified
Governing Load Case: 4 SLS (1+2)*1.00
uz=0.0cm < uz max = L/250.00 =1.5cm Verified

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

F_ Displacements Not analyzed

Section OK 11
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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 3% |n POINT: 7 COORDINATE: x=1.00L=1.19
m
LOADS:
Governing Load Case: 3 ULS (1+2)*1.35
MATERIAL:
S235 (S235) fy=235MPa
SE
SECTION PARAMETERS: [] 120
h=12.0cm gM0=1.00 gM1=1.00
b=11.0cm Ay=19.80 cm2 Az=16.80 cm2 Ax=33.77 cm2
tw=0.7 cm ly=728.50 cm4 12=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
My,c,Rd = 34.16 KN*m

MN,y,Rd = 34.16 kN*m

Mz,pl,Rd = 30.90 kN*m
Mz,c,Rd = 30.90 kN*m
MN,z,Rd = 30.89 kN*m

Tau,y,max,Ed = -0 MPa
Vz,Ed =-11.41 kN
Tau,z,max,Ed = -7 MPa
Tt,Ed = -0.04 KN*m
Class of section=1

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

X About y axis:

X 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/(sgrt(3)*gM0)) = 0.05 < 1.00 (6.2.6.(4))

LIMIT DISPLACEMENTS

=i

Deflections

uy =0.0cm < uy max = L/250.00 = 0.5 cm
Governing Load Case: 4 SLS (1+2)*1.00
uz=0.1cm < uz max = L/250.00 =0.5 cm
Governing Load Case: 4 SLS (1+2)*1.00

F_ Displacements Not analyzed

Verified

Verified

Section OK !!1
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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=0.03L=0.10m
LOADS:

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

MATERIAL:

Steel (S235)  fy=235MPa

EE 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 ly=1943.17 cm4 12=142.37 cm4 I1Xx=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

Nt,Rd = 669.38 kN My,pl,Rd = 51.85 kN*m
My,c,Rd = 51.85 KN*m
MN,y,Rd = 51.85 kN*m

Mz,Ed = 0.01 KN*m

Mz,pl,Rd = 10.48 KN*m
Mz,c,Rd = 10.48 kN*m
MN,z,Rd = 10.48 KN*m

Vy,Ed = 0.05 kN
Tau,y,max,Ed =0 MPa
Vz,Ed = -48.18 kN
Tau,z,max,Ed = -49 MPa
Tt,Ed = 0.00 KN*m
Class of section=1

X

LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

X

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

o=

Deflections

uy =0.0cm < uy max = L/250.00=1.5cm
Governing Load Case: 4 SLS (1+2)*1.00
uz=0.1cm < uz max = L/250.00 =1.5cm
Governing Load Case: 4 SLS (1+2)*1.00

r

Displacements Not analyzed

Verified

Verified

Section OK 111
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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=0.69L=1.23
m
LOADS:
Governing Load Case: 3 ULS (1+2)*1.35
MATERIAL:
Steel (S235)  fy=235MPa
1
{_x
= | 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 ly=205.30 cm4 12=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 kKN*m Mz,Ed = 0.03 kKN*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

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

X About y axis:

X 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

=i

Deflections Not analyzed

F_ Displacements

vXx =0.4cm < vxmax =L/150.00=1.2 cm
Governing Load Case: 4 SLS (1+2)*1.00
vy =0.0cm < vy max =L/150.00=1.2cm
Governing Load Case: 4 SLS (1+2)*1.00

Verified

Verified

Section OK 111
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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=1.00L=0.55
m
LOADS:
Governing Load Case: 3 ULS (1+2)*1.35
MATERIAL:
S235 (S235) fy=235MPa

z
SE
SECTION PARAMETERS: [] 120

h=12.0cm gM0=1.00 gM1=1.00
b=11.0cm Ay=19.80 cm2 Az=16.80 cm2 Ax=33.77 cm2
tw=0.7 cm ly=728.50 cm4 12=598.11 cm4 IXx=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
My,c,Rd = 34.16 KN*m

MN,y,Rd = 34.13 kN*m

Mz,pl,Rd = 30.90 kN*m
Mz,c,Rd = 30.90 kN*m
MN,z,Rd = 30.87 kN*m

Tau,y,max,Ed = 0 MPa
Vz,Ed =28.97 kN
Tau,z,max,Ed = 17 MPa
Tt,Ed = 0.02 KN*m
Class of section=1

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

X About y axis:

X 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/(sgrt(3)*gMO0)) = 0.13 < 1.00 (6.2.6.(4))

LIMIT DISPLACEMENTS

=i

Deflections

uy =0.0cm < uy max = L/250.00 = 0.2 cm
Governing Load Case: 4 SLS (1+2)*1.00
uz =0.0 cm < uz max = L/250.00 =0.2 cm
Governing Load Case: 4 SLS (1+2)*1.00

F_ Displacements Not analyzed

Verified

Verified

Section OK !!1
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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=0.00L =0.00
m

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

MATERIAL:
Steel (S235)  fy=235MPa
I
{_x
= SECTION PARAMETERS: UPN 120

h=12.0cm 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 ly=364.25 cm4 1z=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 kKN*m Mz,Ed = -0.02 kN*m Vy,Ed = -0.23 kN

Nt,Rd = 396.80 kN My,pl,Rd = 17.08 KN*m
My,c,Rd = 17.08 KN*m

MN,y,Rd = 17.07 kN*m

Mz,pl,Rd = 5.01 KN*m
Mz,c,Rd = 5.01 kN*m
MN,z,Rd = 5.00 kN*m

Tau,y,max,Ed = -0 MPa
Vz,Ed =-7.05 kN

Tau,z,max,Ed = -10 MPa

Tt,Ed = -0.03 KN*m
Class of section=1

X

LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

X 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

a1

Deflections

uy =0.0cm < uy max = L/250.00 = 0.8 cm
Governing Load Case: 4 SLS (1+2)*1.00
uz =0.0 cm < uz max = L/250.00 =0.8 cm
Governing Load Case: 4 SLS (1+2)*1.00

F_ Displacements Not analyzed

Verified

Verified

Section OK !!1
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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=0.00L =0.00
m

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

MATERIAL:
Steel (S235)  fy =235 MPa
I
{_x
= 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 ly=205.30 cm4 12=29.16 cm4 1x=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
My,c,Rd = 11.50 KN*m

MN,y,Rd = 11.50 kN*m

Mz,pl,Rd = 3.81 KN*m
Mz,c,Rd = 3.81 kN*m
MN,z,Rd = 3.81 kN*m

Tau,y,max,Ed = -0 MPa
Vz,Ed =-15.31 kN
Tau,z,max,Ed = -31 MPa
Tt,Ed = -0.00 KN*m
Class of section=1

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

X About y axis:

X 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

a1

Deflections

uy =0.0cm < uy max = L/250.00 = 0.8 cm
Governing Load Case: 4 SLS (1+2)*1.00
uz =0.2cm < uz max = L/250.00 =0.8 cm
Governing Load Case: 4 SLS (1+2)*1.00

F_ Displacements Not analyzed

Verified

Verified

Section OK !!1






PROMAR Project: Page:
Design Office BMW Dingolfing 29

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=0.03L=0.10m

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

MATERIAL:
Steel (S235) fy=235MPa

BE SECTION PARAMETERS: IPE 240

h=24.0 cm gM0=1.00 gM1=1.00

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

tw=0.6 cm ly=3891.63 cm4 12=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

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

== | P4 |
— About y axis: About z axis:

Ly=3.70m Lam_y =0.20

Lery=1.85m 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

=i

Deflections Not analyzed

F_ Displacements

vx=0.0cm < vxmax =L/150.00 =2.5¢cm Verified
Governing Load Case: 4 SLS (1+2)*1.00
vy =0.2cm < vy max =L/150.00 =2.5cm Verified

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

Section OK 11
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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=0.00L=0.00
m

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

MATERIAL:
Steel (S235)  fy=235MPa

Z

BE 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 ly=1943.17 cm4 12=142.37 cm4 I1Xx=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

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

= | 4 |
— Abouty axis: About z axis:

Ly=3.66m Lam_y = 0.24

Ler,y=1.83m 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

=i

Deflections Not analyzed

F_ Displacements

vx =0.0cm < vx max =L/150.00 =2.4 cm Verified
Governing Load Case: 4 SLS (1+2)*1.00
vy =0.1cm < vy max =L/150.00 = 2.4 cm Verified

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

Section OK 11
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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=0.00L =0.00
m
LOADS:
Governing Load Case: 3 ULS (1+2)*1.35
MATERIAL:
S235 (S235) fy=235MPa
-
SECTION PARAMETERS: 2 UPN 100
h=10.0 cm gMO0=1.00 gM1=1.00
b=10.0cm Ay=17.00 cm2 Az=12.00 cm2 Ax=26.76 cm2
tw=0.6 cm ly=410.61 cm4 12=122.71 cm4 I1x=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

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

1-10 = About y axis: X About z axis:
Ly=2.00m Lam_y =0.54
Ler,y=2.00m 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

o=

Deflections
uy =0.0cm < uy max = L/250.00 = 0.8 cm Verified
Governing Load Case: 4 SLS (1+2)*1.00
uz=0.1cm < uz max = L/250.00 =0.8 cm Verified

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

F_ Displacements Not analyzed

Section OK !!1
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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=0.00L=0.00m

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

MATERIAL:

S235 (S235)  fy=235MPa

Z

£

SECTION PARAMETERS: IPE 100
h=10.0 cm gM0=1.00 gM1=1.00
b=5.5cm Ay=7.26 cm2 Az=5.08 cm2 Ax=10.32 cm2
tw=0.4 cm ly=171.01 cm4 12=15.92 cm4 1x=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
My,c,Rd = 9.26 kN*m

MN,y,Rd = 9.26 KN*m

Mz,pl,Rd = 2.15 kN*m
Mz,c,Rd = 2.15 KN*m
MN,z,Rd = 2.15 KN*m

Tau,y,max,Ed =0 MPa
Vz,Ed = 16.34 kN
Tau,z,max,Ed = 46 MPa
Tt,Ed = 0.00 KN*m
Class of section=1

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

X About y axis:

X 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

=i

Deflections

uy =0.0cm < uy max = L/250.00 = 0.8 cm
Governing Load Case: 4 SLS (1+2)*1.00
uz =0.2cm < uz max = L/250.00 =0.8 cm
Governing Load Case: 4 SLS (1+2)*1.00

F_ Displacements Not analyzed

Verified

Verified

Section OK !!1
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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:

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

MATERIAL:

S235 (S235)  fy=235MPa

0

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 ly=21.33 cm4 1z=0.08 cm4 1x=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

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

X About y axis:

X 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/(sgrt(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 11

x=1.00L=0.14m
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3.4 Sheet

Sheet 3D arrangement
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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=0.02L=100 mm

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

MATERIAL:

S235 (S235) fy=235MPa

Z

=+

SECTION PARAMETERS: IPE 240
h=24.0 cm gM0=1.00 gM1=1.00
b=12.0 cm Ay=27.31cm2 Az=19.14 cm2 Ax=39.12 cm2
tw=0.6 cm ly=3891.63 cm4 1z=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
My,c,Rd = 86.17 KN*m

My,V,Rd = 85.17 kN*m

Mz,pl,Rd = 17.37 kN*m
Mz,c,Rd = 17.37 kN*m
MN,z,Rd = 17.37 KN*m

Vy,T,Rd = 366.22 kN
Vz,Ed = 159.50 kN
Vz,T,Rd = 257.82 kN
Tt,Ed = 0.05 KN*m
Class of section=1

X

LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

X

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)*gMO0)) = 0.03 < 1.00 (6.2.6)
Tau,tz,Ed/(fy/(sqrt(3)*gMO0)) = 0.02 < 1.00 (6.2.6)

LIMIT DISPLACEMENTS

=i

Deflections

uy =0.0cm < uy max = L/350.00=1.3cm
Governing Load Case: 4 SLS (1+2+5)*1.00
uz=0.1cm < uz max = L/350.00=1.3cm
Governing Load Case: 4 SLS (1+2+5)*1.00

r

Displacements Not analyzed

Verified

Verified

Section OK 111
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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:
S235 (S235)  fy=235MPa

BE SECTION PARAMETERS: IPE 180

h=18.0 cm gM0=1.00 gM1=1.00

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

tw=0.5 cm ly=1316.96 cm4 1z=100.85 cm4 1x=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

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

1-10 = About y axis: X 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)*gMO0)) = 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

=i

Deflections
uy =0.0cm < uy max =L/350.00 =0.6 cm Verified
Governing Load Case: 4 SLS (1+2+5)*1.00
uz=0.1cm < uz max = L/350.00 = 0.6 cm Verified

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

vx =0.0cm < vx max =L/300.00 =0.7 cm Verified
Governing Load Case: 4 SLS (1+2+5)*1.00
vy =0.1cm < vy max =L/300.00 =0.7 cm Verified

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

Section OK 11

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=0.00L=0mm

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

MATERIAL:
S235 (S235)  fy=235MPa

Z

BE SECTION PARAMETERS: IPE 240

h=24.0 cm gM0=1.00 gM1=1.00

b=12.0cm Ay=27.31 cm2 Az=19.14 cm2 Ax=39.12 cm2
tw=0.6 cm ly=3891.63 cm4 12=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 kKN*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

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

[ = _ )¢ .
0% 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 =0.0cm < uy max = L/350.00 = 0.6 cm Verified
Governing Load Case: 4 SLS (1+2+5)*1.00
uz=0.1cm < uz max = L/350.00 = 0.6 cm Verified

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

r Displacements

vx =0.0cm < vx max =L/300.00 =0.7 cm Verified
Governing Load Case: 4 SLS (1+2+5)*1.00
vy =0.2cm < vy max =L/300.00 =0.7 cm Verified

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

Section OK !!1

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:
S235 (S235)  fy=235MPa

E} SECTION PARAMETERS: RO 88.9x5

h=8.9 cm gMO0=1.00 gM1=1.00
Ay=8.40 cm2 Az=8.40 cm2 Ax=13.20 cm2
tw=0.5 cm ly=116.00 cm4 1z=116.00 cm4 1x=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 kKN

MN,y,Rd = 5.13 kN*m MN,z,Rd = 5.13 KN*m Vz,c,Rd = 114.01 kN
Class of section=1

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

1 i z _

. 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

a1

Deflections Not analyzed

F_ Displacements

vx=0.0cm < vxmax =L/300.00=0.1cm
Governing Load Case: 4 SLS (1+2+5)*1.00
vy =0.0cm < vy max =L/300.00=0.1cm
Governing Load Case: 4 SLS (1+2+5)*1.00

Verified

Verified

Section OK 111

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=0.50L =

2200 mm

LOADS:

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

MATERIAL:

S$235 (S235) fy=235MPa

Z
<)
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=0.5cm ly=70.90 cm4 1z=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

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

X About y axis:

X 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 1!
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=1.00L=141
mm
LOADS:
Governing Load Case: 3 ULS (2+1)*1.35+5*1.50
MATERIAL:
S235 (S235) fy=235MPa
£} SECTION PARAMETERS: pl_8x80
h=8.0 cm gMO0=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 ly=34.13 cm4 1z=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

X LATERAL BUCKLING PARAMETERS:

X About y axis:

BUCKLING PARAMETERS:

X 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)
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=i

Deflections

LIMIT DISPLACEMENTS

uy =0.0cm < uy max = L/350.00 =0.0 cm
Governing Load Case: 4 SLS (1+2+5)*1.00
uz=0.0cm < uz max =L/350.00 =0.0 cm
Governing Load Case: 4 SLS (1+2+5)*1.00

r Displacements Not analyzed

Verified

Verified

Section OK !

4.2 Main frame - U profile

——2 UPN 100
—— 2 UPN 140
——2 UPN 180
——2 UPN 200
—— RO 76.1x5
— pl_8x80
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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=0.00L=0
mm

LOADS:
Governing Load Case: 3 ULS (2+1)*1.35+5*1.50
MATERIAL:
S$235 (S235) fy=235MPa

z
I
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 ly=2707.22 cm4 12=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
My,c,Rd = 84.17 KN*m

MN,y,Rd = 84.07 kN*m

Mz,pl,Rd = 25.23 KN*m
Mz,c,Rd = 25.23 kN*m
MN,z,Rd = 25.20 KN*m

Vy,T,Rd = 417.89 kN
Vz,Ed = 81.06 kN
Vz,T,Rd = 390.75 kN
Tt,Ed = -0.00 kN*m
Class of section=1

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

X About y axis: X

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

o=

Deflections
uy=0.0cm < uy max =L/350.00=1.3 cm Verified
Governing Load Case: 4 SLS (1+2+5)*1.00
uz=0.1cm < uz max = L/350.00=1.3cm Verified

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

F_ Displacements Not analyzed

Section OK 11
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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:
S235 (S235)  fy=235MPa

Z

L

1t 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 ly=1209.35 cm4 1z=250.00 cm4 1x=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

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

1-10 = About y axis: X 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

o=

Deflections
uy =0.0cm < uy max = L/350.00 = 0.6 cm Verified
Governing Load Case: 4 SLS (1+2+5)*1.00
uz=0.1cm < uz max = L/350.00 = 0.6 cm Verified

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

F_ Displacements
vx =0.0cm < vx max =L/300.00=0.7 cm Verified
Governing Load Case: 4 SLS (1+2+5)*1.00
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vy =0.1cm < vy max =L/300.00 =0.7 cm Verified
Governing Load Case: 4 SLS (1+2+5)*1.00

Section OK 11

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=0.00L=0
mm
LOADS:
Governing Load Case: 3 ULS (2+1)*1.35+5*1.50
MATERIAL:
S235 (S235) fy=235MPa
SECTION PARAMETERS: 2 UPN 200
h=20.0 cm gMO0=1.00 gM1=1.00
b=15.0cm Ay=34.50 cm2 Az=34.00 cm2 Ax=64.05 cm2
tw=0.9 cm ly=3821.00 cm4 12=555.68 cm4 1x=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:

[| = _ X .
0% 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





PROMAR Project: Page:

Design Office BMW Dingolfing 48
=7 Deflections
uy =0.0cm < uy max = L/350.00 = 0.6 cm Verified
Governing Load Case: 4 SLS (1+2+5)*1.00
uz=0.1cm < uz max = L/350.00 = 0.6 cm Verified

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

F_ Displacements

vx =0.0cm < vx max =L/300.00=0.7 cm Verified
Governing Load Case: 4 SLS (1+2+5)*1.00
vy =0.1cm < vy max =L/300.00 =0.7 cm Verified

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

Section OK 1!

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=0.17L =57
mm
LOADS:
Governing Load Case: 3 ULS (2+1)*1.35+5*1.50
MATERIAL:
S$235 (S235) fy=235MPa
=
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 ly=410.61 cm4 12=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 kKN*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

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

1 i z _

: 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/igM1) + 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

=i

P

vx = 0.

DISPLACEMENTS
Deflections Not analyzed

Displacements
0cm < vxmax =1/300.00=0.1cm

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

vy =0.

0cm < vy max =L/300.00=0.1cm

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

Verified

Verified

Section OK 11

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-heam_245 POINT: 7 COORDINATE: x=1.00L =

4400 mm

LOADS:

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

MATERIAL:

S235 (S235) fy=235MPa

&

SECTION PARAMETERS: RO 76.1x5

h=7.6 cm gMO0=1.00 gM1=1.00
Ay=7.13 cm2 Az=7.13 cm2 Ax=11.20 cm2

tw=0.5cm ly=70.90 cm4 1z=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

X

LATERAL BUCKLING PARAMETERS:

X

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 !!1
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4.3 Stiffeners in walls and bottom.

Arrangement of stiffeners in front walls

T @

— 2 UPN 140
—IPE 140

RO 33.7x3.2
— T 120x4/80x8
—UPN 100
— [ 140
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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=0.03L =100
mm
LOADS:
Governing Load Case: 3 ULS (2+1)*1.35+5*1.50
MATERIAL:
S235 (S235) fy=235MPa

z
i
SECTION PARAMETERS: 2 UPN 140

h=14.0cm gMO0=1.00 gM1=1.00
b=12.0cm Ay=24.00 cm2 Az=19.60 cm2 Ax=40.54 cm2
tw=0.7 cm ly=1209.35 cm4 12=250.00 cm4 1x=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 kKN*m

Nt,Rd = 952.65 kN My,pl,Rd = 48.29 KN*m
My,c,Rd = 48.29 KN*m
MN,y,Rd = 48.13 kN*m

Mz,Ed = 0.00 kN*m

Mz,pl,Rd = 16.73 kN*m
Mz,c,Rd = 16.73 kKN*m
MN,z,Rd = 16.67 kN*m

Vy,Ed = -0.21 kN
Vy,T,Rd = 325.63 kN
Vz,Ed =58.34 kN
Vz,T,Rd = 265.93 kN
Tt,Ed = -0.00 KN*m
Class of section=1

X

LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

X

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

=i .
Deflections
uy=0.0cm < uy max =L/350.00 =1.1 cm Verified
Governing Load Case: 4 SLS (1+2+5)*1.00
uz=0.7cm < uzmax =L/350.00=1.1cm Verified

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

F

Displacements Not analyzed

Section OK !!1
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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=0.08L =100 mm

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

MATERIAL:
S235 (S235)  fy=235MPa

BE 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=0.5cm ly=541.22 cm4 12=44.92 cm4 IXx=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 kKN*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 kKN*m  MN,z,Rd = 4.52 KN*m Vz,c,Rd = 103.69 kN
Class of section=1

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

1-10 = About y axis: X 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=0.0cm < uy max =L/350.00=1.1cm Verified
Governing Load Case: 4 SLS (1+2+5)*1.00
uz=0.4cm < uz max =L/350.00=1.1 cm Verified

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

F_ Displacements Not analyzed

Section OK !!1
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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=0.00L=0mm
LOADS:
Governing Load Case: 3 ULS (2+1)*1.35+5*1.50
MATERIAL:
S235 (S235) fy=235MPa
SE
SECTION PARAMETERS: [] 140
h=14.0 cm gM0=1.00 gM1=1.00
b=12.0cm Ay=24.00 cm2 Az=19.60 cm2 Ax=40.54 cm2
tw=0.7 cm ly=1209.35 cm4 1z=855.21 cm4 1x=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

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

X About y axis: X 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/VVz,c,Rd =0.06 < 1.00 (6.2.6.(1))

LIMIT DISPLACEMENTS

=i

Deflections
uy =0.0cm < uy max = L/250.00 = 0.5 cm Verified
Governing Load Case: 4 SLS (1+2+5)*1.00
uz=0.1cm < uz max = L/250.00 =0.5cm Verified

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

F_ Displacements Not analyzed

Section OK 11
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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=1.00L =
2500 mm

LOADS:

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

MATERIAL:

S$235 (S235) fy=235MPa

:Z
{_x
= 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 ly=205.30 cm4 12=29.16 cm4 1x=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 kKN*m Mz,Ed = -0.02 kN*m Vy,Ed = 0.23 kN

Nt,Rd = 314.43 kN My,pl,Rd = 11.50 kN*m
My,c,Rd = 11.50 KN*m

MN,y,Rd = 11.50 kN*m

Mz,pl,Rd = 3.81 kN*m
Mz,c,Rd = 3.81 KN*m
MN,z,Rd = 3.81 KN*m

Vy,T,Rd = 122.62 kN
Vz,Ed = 17.40 kN
Vz,T,Rd = 80.57 kN
Tt,Ed = -0.04 KN*m
Class of section=1

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

X About y axis:

X 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)*gMO0)) = 0.07 < 1.00 (6.2.6)

LIMIT DISPLACEMENTS

a1

Deflections

uy =0.0cm < uy max = L/250.00 =1.0 cm
Governing Load Case: 4 SLS (1+2+5)*1.00
uz=0.1cm < uz max = L/250.00 =1.0 cm
Governing Load Case: 4 SLS (1+2+5)*1.00

F_ Displacements Not analyzed

Verified

Verified

Section OK !!1
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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=0.38L =940
mm

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

MATERIAL:
S235 (S235) fy=235MPa
I
{_x
= | SECTION PARAMETERS: UPN 140

h=14.0cm gMO0=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 ly=604.67 cm4 12=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
My,c,Rd = 24.15 KN*m

MN,y,Rd = 24.13 kN*m

Mz,pl,Rd = 6.66 kN*m
Mz,c,Rd = 6.66 KN*m
MN,z,Rd = 6.66 KN*m

Vy,T,Rd = 178.23 kN
Vz,Ed = 21.95 kN
Vz,T,Rd = 134.31 kN
Tt,Ed = -0.02 KN*m
Class of section=1

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

X About y axis:

X 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)*gMO0)) = 0.02 < 1.00 (6.2.6)

LIMIT DISPLACEMENTS

o=

Deflections

uy =0.0cm < uy max = L/250.00 =1.0 cm
Governing Load Case: 4 SLS (1+2+5)*1.00
uz=0.5cm < uz max =L/250.00 =1.0 cm
Governing Load Case: 4 SLS (1+2+5)*1.00

F_ Displacements Not analyzed

Verified

Verified

Section OK 11






PROMAR
Design Office

Project:
BMW Dingolfing

Page:
62

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=0.00L=0mm

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

MATERIAL:

S235 (S235) fy=235MPa

Z
=
{ ’
—s
=

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 ly=205.30 cm4 12=29.16 cm4 1x=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 kKN

Nt,Rd = 314.43 kN My,pl,Rd = 11.50 KN*m
My,c,Rd = 11.50 KN*m

MN,y,Rd = 11.50 kN*m

Mz,pl,Rd = 3.81 KN*m
Mz,c,Rd = 3.81 kN*m
MN,z,Rd = 3.81 kN*m

Vy,T,Rd = 126.88 kN
Vz,Ed =17.37 kN
Vz,T,Rd =82.51 kN
Tt,Ed = -0.01 KN*m
Class of section=1

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

X About y axis:

X 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

o=

Deflections

uy =0.0cm < uy max = L/250.00=1.0 cm
Governing Load Case: 4 SLS (1+2+5)*1.00
uz=0.6 cm < uz max = L/250.00 =1.0 cm
Governing Load Case: 4 SLS (1+2+5)*1.00

F_ Displacements Not analyzed

Verified

Verified

Section OK 11
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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=0.00L=0
mm
LOADS:
Governing Load Case: 3 ULS (2+1)*1.35+5*1.50
MATERIAL:
S235 (S235) fy=235MPa
o
SECTION PARAMETERS: RO 33.7x3.2
h=3.4cm gM0=1.00 gM1=1.00
Ay=1.95 cm2 Az=1.95 cm2 Ax=3.07 cm2
tw=0.3 cm ly=3.60 cm4 12=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 kKN*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

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

X About y axis:

X 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)*gMO0)) = 0.03 < 1.00 (6.2.6)

Section OK 11
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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=0.00L=0mm
LOADS:

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

MATERIAL:
S$235 (S235) fy=235MPa

SECTION PARAMETERS: IPE 120 : v
h=12.0 cm gM0=1.00 gM1=1.00 BE
b=6.4 cm Ay=9.10 cm2 Az=6.31 cm2 Ax=13.21 cm2
tw=0.4 cm ly=317.75 cm4 12=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:

‘-ID = About y axis: X 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)*gMO0)) = 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

=i

Deflections
uy =0.0cm < uy max = L/250.00=1.0 cm Verified
Governing Load Case: 4 SLS (1+2+5)*1.00
uz=0.2cm < uz max = L/250.00 =1.0 cm Verified

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

F_ Displacements Not analyzed

Section OK 11
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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=1.00L =2500 mm
LOADS:
Governing Load Case: 3 ULS (2+1)*1.35+5*1.50
MATERIAL:
S$235 (S235) fy=235MPa
z
HE
SECTION PARAMETERS: 2 UPN 140
h=14.0 cm gM0=1.00 gM1=1.00
b=12.0cm Ay=24.00 cm2 Az=19.60 cm2 Ax=40.54 cm2
tw=0.7 cm ly=1209.35 cm4 12=250.00 cm4 1x=10.51 cm4
tf=1.0 cm Wply=205.50 cm3 Wplz=71.18 cm3

INTERNAL FORCES AND CAPACITIES:

N,Ed = -15.43 kN
Nt,Rd = 952.65 kN

My,Ed = 10.80 kN*m

My,pl,Rd = 48.29 kN*m
My,c,Rd = 48.29 KN*m
MN,y,Rd = 48.28 kN*m

Mz,Ed = 0.02 kN*m

Mz,pl,Rd = 16.73 KN*m
Mz,c,Rd = 16.73 kN*m
MN,z,Rd = 16.72 KN*m

Vy,Ed = -0.13 kN
Vy,T,Rd = 325.63 kN
Vz,Ed = 23.58 kN
Vz,T,Rd = 265.93 kN
Tt,Ed = 0.02 KN*m
Class of section=1

X LATERAL BUCKLING PARAMETERS:

X About y axis:

BUCKLING PARAMETERS:

X 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

=i

Deflections

uy =0.0cm < uy max = L/250.00=1.0 cm
Governing Load Case: 4 SLS (1+2+5)*1.00
uz=0.1cm < uz max = L/250.00 =1.0 cm
Governing Load Case: 4 SLS (1+2+5)*1.00

F_ Displacements Not analyzed

Verified

Verified

Section OK 11
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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:
S235 (S235)  fy=235MPa

Z

L

1t 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 ly=1209.35 cm4 1z=250.00 cm4 1x=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

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

1-10 = About y axis: X 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

o=

Deflections
uy =0.0cm < uy max = L/250.00 = 0.6 cm Verified
Governing Load Case: 4 SLS (1+2+5)*1.00
uz=0.1cm < uz max = L/250.00 = 0.6 cm Verified

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

F_ Displacements Not analyzed

Section OK !!1
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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=0.50L=

2200 mm

LOADS:

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

MATERIAL:

S235 (S235) fy=235MPa

z
o
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 ly=70.90 cm4 12=70.90 cm4 1x=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

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

X About y axis:

X 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)*gMO0)) = 0.00 < 1.00 (6.2.6)

Section OK 11
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5. Dosing Tank ECDS111A/BL1

Structure - 3D view
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Max. stresses in sheet

Omax=197 MPa
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6. Buffer Tank EC BA715

Design Office
Structure - 3D view
Bottom view
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Max. stresses in sheet
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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=0.00L=
0.000 m

LOADS:
Governing Load Case: 3 com_ULS 01 (1+2)*1.35+5*1.50

MATERIAL:
$235 (S235) fy=235MPa

Z

=+
SECTION PARAMETERS: IPE 120

h=12.00 cm gMO0=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 ly=317.75 cm4 12=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
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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

] [ag
! 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:

1-10 ol About y axis: X About z axis:
Ly=0.717m Lam_y =0.16
Ler,y=0.717m 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

o=

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

F_ Displacements Not analyzed

Section OK 11

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=050L=
0.175m

LOADS:
Governing Load Case: 7 comb_ULS 02 (1+2)*1.35+6*1.50

MATERIAL:
STAL  fy =215 MPa
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Z

3E 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 ly=864.37 cm4 12=317.52 cm4 1x=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

ML e

! 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:

D = About y axis: bl About z axis:

Ly =0.350 m Lam_y =0.30 Lz=0.350m Lam_z =0.28
Ler,y=1.459m 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

=i

Deflections Not analyzed

F_ 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 !!1
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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=0.57L=0.410m

LOADS:
Governing Load Case: 7 comb_ULS 02 (1+2)*1.35+6*1.50

MATERIAL:
S235 (S235) fy=235MPa

¥
E} SECTION PARAMETERS: pl_80x5

h=8.00 cm gMO0=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 ly=21.33 cm4 1z=0.08 cm4 1x=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

X LATERAL BUCKLING PARAMETERS:

BUCKLING PARAMETERS:

1-10 = About y axis: X About z axis:
Ly=0.717m Lam_y =0.33
Ler,y=0.717m 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

o=

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

F_ Displacements Not analysed Section OK 1!
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7. Connections

1. Inscrewed 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 1200 of tank DUMP TANK EC BA321

General

Connection no.:
Connection name:
Structure node:

Structure bars:

Geometry

Column

QQK:
Autodesk Robot Structural Analysis Professional 2015 -—

Design of welded beam-to-column connection i
atio
PN-EN 1993-1-8:2006/AC:2009 0,64

14

Naroze ramy

20

25, 33

Section: IPE 200

Bar no.: 25
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o= -90,0 [Deg] Inclination angle
he = 200  [mm] Height of column section
brc = 100  [mm]  Width of column section
twe = 6 [mm] Thickness of the web of column section
tre = 9 [mm] Thickness of the flange of column section
re= 12 [mm] Radius of column section fillet
Ac= 28,48 [cm?] Cross-sectional area of a column
Ixc = 1943,17 [cm? Moment of inertia of the column section
Material: Steel
fye = 235 [MPa] Resistance
Beam
Section: IPE 200
Barno.: 33
o= -0,0 [Deg] Inclination angle
ho = 200 [mm] Height of beam section
br = 100 [mm] Width of beam section
two = 6 [mm] Thickness of the web of beam section
to = 9 [mm] Thickness of the flange of beam section
o = 12 [mm] Radius of beam section fillet
Io = 12 [mm] Radius of beam section fillet
Ap = 28,48 [cm? Cross-sectional area of a beam
Ixo = 1943,17 [cm% Moment of inertia of the beam section
Material: Steel
fyo = 235 [MPa] Resistance

Upper stiffener

hu: 90
twu = 8
lu= 90

Material: S 235

fyu = 235

[mm]
[mm]

[mm]

[MPa]

Stiffener height
Thickness of vertical stiffener

Length of vertical stiffener

Resistance






PROMAR
Design Office

Project:
BMW Dingolfing

Page:
80

Column stiffener

Upper

heu = 183
bsu = 47
thu = 10

Material: S 235

fysu = 235
Lower

hed = 183
bsd = 47
thd = 10

Material: S 235

fysu: 235
Fillet welds
aw = 3
ar = 4
ads = 4

[mm]  Stiffener height
[mm]  Stiffener width

[mm]  Stiffener thickness

[MPa] Resistance

[mm]  Stiffener height

[mm]  Stiffener width

[mm]  Stiffener thickness

[MPa] Resistance

[mm]  Web weld
[mm]  Flange weld

[mm]  Stiffener weld

Material factors

Mo = 1,00
ym1 = 1,00
’YM2: 1,25
’YM3: 1,25
Loads

Ultimate limit state

Partial safety factor
Partial safety factor
Partial safety factor

Partial safety factor

Case: Manual calculations.

Morea= 19,94
Vb1,Ed = 39,73
Nb1,Ed = 33,87
Me1,ed = 0,82

[kN*m] Bending moment in the right beam

[kN] Shear force in the right beam

[KN]  Axial force in the right beam

[kN*m] Bending moment in the lower column

[2.2]
[2.2]
[2.2]

[2.2]
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Mbreda= 19,94
Ve1,gd = 3,15
Nei,ga = -89,67
Mec2,Ed = 1,41
Vezed = 3,55
Nezed = -49,95
Results

[kN*m] Bending moment in the right beam

[kN]

[kN]

Shear force in the lower column

Axial force in the lower column

[kN*m] Bending moment in the upper column

[kN]

[kN]

Shear force in the upper column

Axial force in the upper column

Beam resistances

TENSION

Ap = 28,48 [cm?
Nib,rd = Ab fyb / Ym0

Nibrd = 669,38  [KN]
Nb1,ed / Niv,ra < 1,0
SHEAR

Avwp = 21,20  [cm?]
Veb,Rd = A (fyb / \/3) [ ymo
Vebrd = 287,64  [kN]

Vo1,ed / Vebrd < 1,0

Area

Design tensile resistance of the section

0,05 < 1,00 verified

Shear area

Design sectional resistance for shear

0,14 < 1,00 verified

BENDING - PLASTIC MOMENT (WITHOUT BRACKETS)

Wpb= 220,66

[cm?]

Mb,pi,Rd = Woib fyb / ymo

Mbpira =51, 85 [KN*m] Plastic resistance of the section for bending (without stiffeners)

BENDING ON THE CONTACT SURFACE WITH PLATE OR CONNECTED ELEMENT

Wp= 220,66
Meb,rRd = Wl fyb / ymo
Meb,Rd = 51,85

Mb1,ed / Mco,ra < 1,0

[cm?]

Plastic section modulus

Plastic section modulus

[kN*m] Design resistance of the section for bending

0,38 < 1,00 verified

FLANGE AND WEB - COMPRESSION

Mepra = 51,85

hi = 192

[kN*m] Design resistance of the section for bending

[mm]

Distance between the centroids of flanges

EN1993-1-1:[6.2.3]

EN1993-1-1:[6.2.3]

(0,05)

EN1993-1-1:[6.2.6.(3)]

EN1993-1-1:[6.2.6.(2)]

(0,14)

EN1993-1-1:[6.2.5.(2)]

EN1993-1-1:[6.2.5.(2)]

EN1993-1-1:[6.2.5]

EN1993-1-1:[6.2.5]

(0,38)

EN1993-1-1:[6.2.5]

[6.2.6.7.(1)]
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Fec.ib.rd = Mcb,rd / ht
Fefpra= 270,78 [kN]  Resistance of the compressed flange and web [6.2.6.7.(1)]
AXIAL FORCES IN BEAM FLANGES
ht = 192  [mm] Distance between the centroids of flanges
en = 0 [mm] Axial force eccentricity

Nupp = Nb1,ed / 2 + (-Nb1,ed €N + Mb1,ed) / ht

Nupp = 121,06 [KN]  Axial force in the beam top flange

Niow = Nb1,ed / 2 - (-Nb1,Ed €n + Mb1,ed) / ht

Niow = -87,19 [KN]  Axial force in the beam bottom flange
Column resistances
WEB PANEL - SHEAR

Mbiea= 19,94 [kN*m] Bending moment (right beam) [5.3.(3)]
Mb2,Ed = 0,00 [kN*m] Bending moment (left beam) [5.3.(3)]
Ve1Ed = 3,15 [kN] Shear force (lower column) [5.3.(3)]
Ve2,ed = 3,55 [kN]  Shear force (upper column) [5.3.(3)]
z= 192 [mm] Leverarm [6.2.5]
Vwp,ed = (Mb1,Ed - Mb2,ed) / Z - (Ve1rEd - Ve2,ed) / 2
Vwpeda = 104,33 [kN] Shear force acting on the web panel [5.3.(3)]
Avs = 14,00 [cm?] Shear area of the column web EN1993-1-1:[6.2.6.(3)]
Avc = 14,00 [cm? Shear area EN1993-1-1:[6.2.6.(3)]
ds = 190 [mm] Distance between the centroids of stiffeners [6.2.6.1.(4)]
Mpiferd = 0,42 [KN*m] Plastic resistance of the column flange for bending [6.2.6.1.(4)]
Mpisiurd = 0,59 [KN*m] Plastic resistance of the upper transverse stiffener for bending [6.2.6.1.(4)]
Mpist,rd = 0,59 [KN*m] Plastic resistance of the lower transverse stiffener for bending [6.2.6.1.(4)]
Vup,rd = 0.9 ( Avs*fymc ) / (V3 ymo) + Min(4 Mpiicrd / ds , (2 Mpiic,rd + Mpisturd + Mpist,rd) / ds)
Vwprd = 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:

twe = 6 [mm] Effective thickness of the column web [6.2.6.2.(6)]
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twe = 6 [mm] Effective thickness of the column web [6.2.6.2.(6)]
Defrcwe = 122 [mm] Effective width of the web for compression [6.2.6.2.(1)]
Awc= 14,00 [cm?] Shear area EN1993-1-1:[6.2.6.(3)]
o= 0,87 Reduction factor for interaction with shear [6.2.6.2.(2)]
Gcom,Ed = 35 [MPa] Maximum compressive stress in web [6.2.6.2.(2)]
Kwe = 1,00 Reduction factor conditioned by compressive stresses [6.2.6.2.(2)]

As = 9,44 [cm?] Area of the web stiffener
Fcwe,rdl = ® Kwe Deff.cwe twe fyc / Ymo + As fys / Ym0

Fewerdr = 362,41 [kN]  Column web resistance

Buckling:

dwe = 159  [mm] Height of compressed web

Ap = 0,78 Plate slenderness of an element

p= 0,96 Reduction factor for element buckling
As = 5,35 Stiffener slenderness

xs = 1,00 Buckling coefficient of the stiffener

Fewe,Rd2 = @ Kwe p Deff.ewe twe fyc / ym1 + As s fys / yma
Fewerd2z = 356,26  [KN]  Column web resistance
Final resistance:

Fewe,Rdlow = Min (Fewerdt , Fewe Rd2)

Fewerd = 356,26 [KN]  Column web resistance
Niow / Fewe,Rdlow < 1,0

0,24 < 1,00 verified

WEB - TRANSVERSE TENSION - LEVEL OF THE BEAM TOP FLANGE

twe = 6 [mm] Effective thickness of the column web
Defttwe = 122 [mm] Effective width of the web for compression
Avc = 14,00 [cm? Shear area

o= 0,87 Reduction factor for interaction with shear

As = 9,44 [cm?  Area of the web stiffener
Ftwe,Rd,upp = © Defftwe twe fye / ymo + As fye / ymo
Fiwcrd = 362,41 [kN]  Column web resistance

Nupp / Ftwe,Rdupp < 1,0 0,33 < 1,00 verified

EN1993-1-1:[6.2.4]

[6.2.6.2.(1)]

[6.2.6.2.(1)]
[6.2.6.2.(1)]
[6.2.6.2.(1)]

EN1993-1-1:[6.3.1.2]

EN1993-1-1[6.3.1.2]

[6.2.6.2.(1)]

[6.2.6.2.(1)]

(0,24)

[6.2.6.3.(8)]
[6.2.6.3.(2)]
EN1993-1-1:[6.2.6.(3)]
[6.2.6.3.(4)]

EN1993-1-1:[6.2.4]

[6.2.6.3.(1)]

(0,33)
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Weld resistance

Aw = 28,01
Awy = 13,07
Auz = 14,94
lay = 2410, 05
Glmax=T.imax = 112
GI=TL = 112
™= 27
Bu = 0,80

\/[GLmaxz + 3*(TLmax2)] < ful (Bw*ymz)

[cm?]
[cm?]
[cm?]
[cm1]
[MPa]
[MPa]

[MPa]

V[o12 + 3*(t.2+t12)] < ful (Bw*ym2)

o1 < 0.9*fulym2

Connection stiffness

Area of all welds

Area of horizontal welds

Area of vertical welds

[4.5.3.2(2)]
[4.5.3.2(2)]

[4.5.3.2(2)]

Moment of inertia of the weld arrangement with respect to the hor. axis [4.5.3.2(5)]

Normal stress in a weld
Stress in a vertical weld
Tangent stress
Correlation coefficient
225 < 360
229 < 360

112 < 259

verified

verified

verified

[4.5.3.2(5)]
[4.5.3.2(5)]
[4.5.3.2(5)]
[4.5.3.2(7)]
(0,62)
(0,64)

(0,43)

Axial force in the beam exceeds 5% of the Npird 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 1200 for tank DUMP TANK EC BA321

] '/la_n" Autodesk Robot Structural Analysis Professional 2015 P
N Design of fixed beam-to-beam connection
Ratio
PN-EN 1993-1-8:2006/AC:2009 0.25
120
10
+
olo g : 3- '
gl el _i_ eexe _|I]__ __ i
b M ! SE 200 '
ofo } 3 !
4
GENERAL
Connection no.: 17
Connection name: Doczolowe
Structure node: 197
Structure bars: 3, 12
GEOMETRY
LEFT SIDE
BEAM
Section: IPE 200
Barno.: 3
o= -180,0 [Deg] Inclination angle
hol = 200  [mm] Height of beam section
brol = 100  [mm]  Width of beam section
twbl = 6 [mm] Thickness of the web of beam section
trol = 9 [mm] Thickness of the flange of beam section
Mol = 12 [mm] Radius of beam section fillet
Abl = 28,48 [cm?3 Cross-sectional area of a beam
Ixol = 1943,17 [cm%  Moment of inertia of the beam section
Material: Steel
fyo = 235 [MPa] Resistance
RIGHT SIDE
BEAM
Section: IPE 200
Barno.: 12
o= -0,0 [Deg] Inclination angle
hor = 200  [mm] Height of beam section
bror = 100  [mm] Width of beam section
twor = 6 [mm] Thickness of the web of beam section
tror = 9 [mm] Thickness of the flange of beam section
lor = 12 [mm] Radius of beam section fillet

Apbr = 28,48 [cm?  Cross-sectional area of a beam
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o= -0,0 [Deg] Inclination angle

Ixor = 1943,17 [cm* 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

Fra= 117,56 [kN] Tensile resistance of a bolt

Nh = 2 Number of bolt columns

ny = 2 Number of bolt rows

hi = 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

tor = 25 [mm] Plate thickness

Material: S 235

fypr = 235 [MPa] Resistance

FILLET WELDS

aw = 4  [mm] Web weld
ar = 6 [mm] Flange weld

MATERIAL FACTORS

Mo = 1,00 Partial safety factor
M1 = 1,00 Partial safety factor
™2 = 1,25 Partial safety factor
™3 = 1,25 Partial safety factor
LOADS

[2.2]
[2.2]
[2.2]
[2.2]

Ultimate limit state
Case: 3: ULS (1+2)*1.35

Mb1,ed = 5,22 [kN*m] Bending moment in the right beam
Vbiea = 12,78  [kN]  Shear force in the right beam
Nbiea= —-6,72  [kN]  Axial force in the right beam
RESULTS

BEAM RESISTANCES

COMPRESSION

Ap = 28,48 [cm?] Area

Neb,rd = Ab fyb / Ym0

Neord = 669,38 [kN] Design compressive resistance of the section
SHEAR

Avwp = 14,00 [cm?] Shear area

Vebrd = Awb (fyb / V3) / ymo

Vebrd = 189,95 [kN] Design sectional resistance for shear

Vb1ed / Vebrd < 1,0 0,07 < 1,00 verified
BENDING - PLASTIC MOMENT (WITHOUT BRACKETS)
Wb = 220,66 [cm3] Plastic section modulus

Mb,pi,Rd = Woib fyb / ymo
Mbprd =51,85 [KN*m] Plastic resistance of the section for bending (without stiffeners)

EN1993-1-1:[6.2.4]
EN1993-1-1:[6.2.4]
EN1993-1-1:[6.2.6.(3)]

EN1993-1-1:[6.2.6.(2)]
(0,07)

EN1993-1-1:[6.2.5.(2)]

EN1993-1-1:[6.2.5.(2)]
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BENDING ON THE CONTACT SURFACE WITH PLATE OR CONNECTED ELEMENT

Wpi = 220,66 [cm3 Plastic section modulus
Meb,rd = Woi fyb / ymo
Mewrd= 51,85 [kKN*m] Design resistance of the section for bending

FLANGE AND WEB - COMPRESSION

EN1993-1-1:[6.2.5]

EN1993-1-1:[6.2.5]

Mewrd= 51,85 [kKN*m] Design resistance of the section for bending EN1993-1-1:[6.2.5]
hi = 192 [mm] Distance between the centroids of flanges [6.2.6.7.(1)]
Fcfo,rRd = Mebrd / ht
Fcford = 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 o] |eff,cp |eff,nc |eff,1 |eff,2 |eff,cp,g |eff,nc,g |eff,1,g |eff,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
lettcp  — Effective length for a single bolt in the circular failure mode
letnc  — Effective length for a single bolt in the non-circular failure mode
let1  — Effective length for a single bolt for mode 1
let2  — Effective length for a single bolt for mode 2
lefrcpg — Effective length for a group of bolts in the circular failure mode
leftnc,g — Effective length for a group of bolts in the non-circular failure mode
lett1,g — Effective length for a group of bolts for mode 1
leti2g — Effective length for a group of bolts for mode 2
CONNECTION RESISTANCE FOR COMPRESSION
Njrd = Min ( Ncb,rd )
NjRrd = 669,38 [kN] Connection resistance for compression [6.2]
Nb1,ed / Njrd < 1,0 0,01 < 1,00 verified (0,01)
CONNECTION RESISTANCE FOR BENDING
Ftra= 117,56  [kN]  Bolt resistance for tension [Table 3.4]
Bpra = 325,72 [KN]  Punching shear resistance of a bolt [Table 3.4]
Fiierd  — column flange resistance due to bending
Fiwe,rd  — column web resistance due to tension
Ftepra — resistance of the front plate due to bending
Fiwo,rd  — resistance of the web in tension
Ftfc,rd = Min (F1,1fc.Rd , FT,2fcRd , FT:3fc,Rd) [6.2.6.4] , [Tab.6.2]
Ft,wc,Rd =0 beff,t,wc twe fyc / YMO [6263(1)]
Ftep,rd = Min (Fr,1epRd , FT2epRd , FT,36p.Rd) [6.2.6.5], [Tab.6.2]
Ftwb,Rd = Defr,twb twb fyb / ymo [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
FtepRrda) = 235,12 235,12 Front plate - tension
Ftwb,rd1) = 104,80 104,80 Beam web - tension
Bp.rd = 651,44 651,44 Bolts due to shear punching
Fet,rd = 270,78 270,78 Beam flange - compression
RESISTANCE OF THE BOLT ROW NO. 2
Fi2,rd,comp - FOrmula Ft2,rd,comp Component
Ft2,rd = Min (Ftz2,Rd,comp) 104,80 Bolt row resistance
Ftep,rd2) = 235,12 235,12 Front plate - tension
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Ft2,Rd.comp - FOrmula Ft2,rd,comp Component
Ftwb,rd2) = 104,80 104,80 Beam web - tension
Bp.rd = 651,44 651,44 Bolts due to shear punching
Fe,rd - Y11 Fyrd = 270,78 - 104,80 165,98 Beam flange - compression
Fteprd@+1) - Y1* Frd = 470,25 - 104,80 365,44 Front plate - tension - group
Frwb,Rd@ + 1) - 1 Fird = 291,36 - 104,80 186,56 Beam web - tension - group
SUMMARY TABLE OF FORCES

Nr hj Ftj,rd Ft.fc,Rd Ftwe,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 M rd
Mijrd = Y hj FiRrd
Mjrd = 21,12 [kN*m] Connection resistance for bending [6.2]
Mb1,ed / Mjrda < 1,0 0,25 < 1,00 verified (0,25)
CONNECTION RESISTANCE FOR SHEAR
oy = 0,60 Coefficient for calculation of Fyrd [Table 3.4]
Fv.rd = 100,37 [KN]  Shear resistance of a single bolt [Table 3.4]
Ftramax= 117,56  [kKN]  Tensile resistance of a single bolt [Table 3.4]
FbRrdint= 162,56 [kN] Bearing resistance of an intermediate bolt [Table 3.4]
Fordext = 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 FviRrd

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
FiraN — Bolt row resistance for simple tension
Fyean — Force due to axial force in a bolt row
Firam — Bolt row resistance for simple bending
Fieam — Force due to momentin a bolt row
Fiea  — Maximum tensile force in a bolt row
Fyrd — Reduced bolt row resistance
Fi.ed,N = Njed Ft,rd.N / NjRrd
Fi.edm = Mjed Ft,rd.m / MjRrd
Fied = FiedN + Fiedm
Fyird = Min (Nh Fved (1 - Fed/ (1.4 nh Ftrd,max), Nh Fyv,Rrd , Nh Fb,Rd))
VjRd = Nh Y 1" FyjRrd [Table 3.4]
Vird = 373,98  [kN]  Connection resistance for shear [Table 3.4]
Vb1,ed / Vira £ 1,0 0,03 < 1,00 verified (0,03)
WELD RESISTANCE
Aw = 27,17 [cm?] Area of all welds [4.5.3.2(2)]
Awy = 14,45 [cm? Area of horizontal welds [4.5.3.2(2)]
Az = 12,72 [cm?] Area of vertical welds [4.5.3.2(2)]
lwy = 1426,04 [cm?* Moment of inertia of the weld arrangement with respect to the hor. axis [4.5.3.2(5)]
Glmax=T.imax = -30 [MPa] Normal stress in a weld [4.5.3.2(5)]
C1=TL = -28 [MPa] Stress in a vertical weld [4.5.3.2(5)]
o = 10 [MPa] Tangent stress [4.5.3.2(5)]
Bw = 0,80 Correlation coefficient [4.5.3.2(7)]
\/[GLmaxz + 3*(TLmax2)] < fu/(Bw*YMZ) 61 < 360 verified (0,17)
V[o12 + 3*(t.2+12)] < ful (Bw*ym2) 59 < 360 verified (0,16)
o1 < 0.9*fulym2 30 < 259 verified (0,12)
CONNECTION STIFFNESS
twash = 4  [mm] Washer thickness [6.2.6.3.(2)]
Nhead = 12 [mm] Bolt head height [6.2.6.3.(2)]
hnut = 16 [mm] Bolt nut height [6.2.6.3.(2)]
Lp = 56 [mm] Bolt length [6.2.6.3.(2)]
kio = 5 [mm] Stiffness coefficient of bolts [6.3.2.(1)]
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STIFFNESSES OF BOLT ROWS

Nr hj ks ka ks Keft,j Keft, hj Keft,j hj?

Sum 8,97 122,46

1 161 550 4 7,16 115,06

2 41 550 4 1,81 7,39
ket =1/ (33> (1/kij)) [6.3.3.1.(2)]
Zeq = Y Kettj 2 | 3 Ketr, hj
Zeq = 136 [mm] Equivalent force arm [6.3.3.1.(3)]
keq = ZJ keff,j hj / Zeq
Keq = 7 [mm] Equivalent stiffness coefficient of a bolt arrangement [6.3.3.1.(1)]
Sjini = E Zeq? Keq [6.3.1.(4)]
Sjini= 25716,21 [kN*m] Initial rotational stiffness [6.3.1.(4)]
p= 1,00 Stiffness coefficient of a connection [6.3.1.(6)]
Sj= Sjini/ 1 [6.3.1.(4)]
S = 25716,21 [kN*m] Final rotational stiffness [6.3.1.(4)]
Connection classification due to stiffness.
Sirig= 19203,09 [kN*m] Stiffness of a rigid connection [5.2.2.5]
Sjpin = 1200,19 [kN*m] Stiffness of a pinned connection [5.2.2.5]

Siini B Sjrig RIGID

WEAKEST COMPONENT:

BEAM WEB - TENSION

REMARKS

Distance of bolts from the beam web istoosmall. 17 [mm] < 22 [mm]

Connection conforms to the code

Ratio 0,25
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3. Typical connection in column 1240 for tank DUMP TANK EC BA321

=] '/ﬁrg' Autodesk Robot Structural Analysis Professional 2015

== Design of fixed beam-to-beam connection

PN-EN 1993-1-8:2006/AC:2009

‘

T % | > E
Bl Bf—d— - o
of o : 3 E
&

General

Connection no.: 19

Connection name: Doczolowe

Structure node: 199

Structure bars: 66, 73

Geometry

Left side

Beam

Section: IPE 240

Bar no.: 66

o= -180,0 [Deg] Inclination angle

hol = 240  [mm] Height of beam section

Dol = 120  [mm] Width of beam section

twol = 6 [mm] Thickness of the web of beam section

tiol = 10 [mm] Thickness of the flange of beam section

Mol = 15 [mm] Radius of beam section fillet

Apl = 39,12 [cm? Cross-sectional area of a beam

Ixol = 3891,63 [cm? Moment of inertia of the beam section

Ratio
0,42
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Material: Steel

fyp = 235 |[MPa] Resistance
Right side
Beam

Section: IPE 240

Barno.: 73

o= -0,0 [Deg] Inclination angle

hor = 240  [mm] Height of beam section

bror = 120  [mm] Width of beam section

twbr = 6 [mm] Thickness of the web of beam section
tror = 10 [mm] Thickness of the flange of beam section
lor = 15 [mm] Radius of beam section fillet

Apr = 39,12 [cm? Cross-sectional area of a beam

Ixor = 3891,63 [cm* Moment of inertia of the beam section

Material: Steel

fyo = 235 [MPa] Resistance

Bolts

The shear plane passes through the UNTHREADED portion of the bolt.

d= 16 [mm] Bolt diameter

Class= 10.9

Fra= 117,56 [kN]

Nh = 2

ny = 2

hi = 52 [mm]
Horizontal spacing ei =
Vertical spacing pi =
Plate

hpr = 250 [mm]

bpr = 120 [mm]

Bolt class

Tensile resistance of a bolt
Number of bolt columns
Number of bolt rows

Distance between first bolt and upper edge of front plate

70 [mm]
160 [mm]
Plate height

Plate width
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hpr = 250 [mm] Plate height
tor = 25 [mm] Plate thickness

Material: S 235

fypr = 235 |[MPa] Resistance
Fillet welds

aw = 5 [mm] Web weld
ar = 7 [mm] Flange weld

Material factors

YMo = 1,00 Partial safety factor
M1 = 1,00 Partial safety factor
M2 = 1,25 Partial safety factor
M3 = 1,25 Partial safety factor
Loads

Ultimate limit state

Case: Manual calculations.

Mbiea= 19,99 [kN*m] Bending moment in the right beam
Vbied = 45,17 [KN]  Shear force in the right beam
Nbiea= —-8,32  [kN]  Axial force in the right beam
Results

Beam resistances

COMPRESSION

Ap = 39,12 [cm?] Area

Neb,rd = Ab fyb / Ym0

Nebrda = 919,23  [kN]  Design compressive resistance of the section
SHEAR

Avp = 19,14 [cm?  Shear area

Veb,Rd = A (fyb / \/3) / ymo

Vebrd = 259,74 [KN]  Design sectional resistance for shear

[2.2]
[2.2]
[2.2]

[2.2]

EN1993-1-1:[6.2.4]

EN1993-1-1:[6.2.4]

EN1993-1-1:[6.2.6.(3)]

EN1993-1-1:[6.2.6.(2)]
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Vbied / Vebrd £ 1,0 0,17 < 1,00 verified (0,17)

BENDING - PLASTIC MOMENT (WITHOUT BRACKETS)

Wpb= 366,68 [cm® Plastic section modulus

Mb.pl,Rd = Woib fyb / ymo

Mbprda =86, 17 [KN*m] Plastic resistance of the section for bending (without stiffeners)
BENDING ON THE CONTACT SURFACE WITH PLATE OR CONNECTED ELEMENT
Wi = 366,68 [cm®]  Plastic section modulus

Mecb,rd = Woi fyb / ymo

Mewrd= 86,17 [kN*m] Design resistance of the section for bending

FLANGE AND WEB - COMPRESSION

Mera = 86,17 [kKN*m] Design resistance of the section for bending

ht = 230 [mm] Distance between the centroids of flanges

Feto,Rd = Mcb,rd / ht

Fera= 374,32 [KN]  Resistance of the compressed flange and web

Geometrical parameters of a connection

EFFECTIVE LENGTHS AND PARAMETERS - FRONT PLATE

Nr m Mx e ex p leff cp leffnc leff,1 lett2  leff,epg
1 26 - 25 - 160 165 152 152 152 242
2 26 - 25 - 160 165 136 136 136 242

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

lettcp  — Effective length for a single bolt in the circular failure mode

leinc  — Effective length for a single bolt in the non-circular failure mode

let1  — Effective length for a single bolt for mode 1

leiz  — Effective length for a single bolt for mode 2

lettcp.g — Effective length for a group of bolts in the circular failure mode

lefincg — Effective length for a group of bolts in the non-circular failure mode

EN1993-1-1:[6.2.5.(2)]

EN1993-1-1:[6.2.5.(2)]

EN1993-1-1:[6.2.5]

EN1993-1-1:[6.2.5]

EN1993-1-1:[6.2.5]

|eff,nc,g
164

148

[6.2.6.7.(1)]

[6.2.6.7.(1)]

|eff,1,g |eff,2,g
164 164
148 148
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m — Bolt distance from the web
let1,g — Effective length for a group of bolts for mode 1
lett2g — Effective length for a group of bolts for mode 2
Connection resistance for compression
Njrd = Min ( Ncbrd )
NjRrd = 919,23 [kN] Connection resistance for compression [6.2]
Nb1,ed / Njrd < 1,0 0,01 < 1,00 verified (0,01)
Connection resistance for bending
Ftrd = 117,56 [kN] Bolt resistance for tension [Table 3.4]
Bpra= 325,72 [KN]  Punching shear resistance of a bolt [Table 3.4]

Fiicrda  — column flange resistance due to bending
Ftwerd — column web resistance due to tension
Fteprd — resistance of the front plate due to bending
Ftwo,rd  — resistance of the web in tension

Ftfc,rd = Min (F1,1fc.Rd , FT.2fcRd , FT.3fc,Rd)

Ftwe,rd = ® Defttwe twe fye / ymo

Fteprd = Min (Fr,1,epRrd , FT.2.epRd , FT.3.ep.Rd)

Ftwb.Rd = Deff,twb twb fyb / ymo

RESISTANCE OF THE BOLT ROW NO. 1

Ft1,rd,comp - Formula Ft1,rd,comp
Ft1,rd = Min (Ft1,Rd,comp) 222,12
Ftep,rd@) = 235,12 235,12
Ftwb,Rd(1) = 222,12 222,12
Bp.rd = 651,44 651,44
Fe,ib,rd = 374,32 374,32

RESISTANCE OF THE BOLT ROW NO. 2

th,Rd,comp - Formula th,Rd,comp
Ft2,rd = Min (Ft2,Rd,comp) 152,21
Ftep,Rrd@) = 235,12 235,12

[6.2.6.4] , [Tab.6.2]
[6.2.6.3.(1)]
[6.2.6.5] , [Tab.6.2]

[6.2.6.8.(1)]

Component

Bolt row resistance

Front plate - tension

Beam web - tension

Bolts due to shear punching

Beam flange - compression

Component
Bolt row resistance

Front plate - tension
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Ft2,rd .comp - FOrmula Fi2,rd,comp Component
Ftwb,Rd2) = 198,48 198,48 Beam web - tension
Bp.rd = 651,44 651,44 Bolts due to shear punching
FefoRrd - Y1t Fijrd = 374,32 - 222,12 152,21 Beam flange - compression
FtepRrd@+1) - Y11 Frd = 470,25 - 222,12 248,13 Front plate - tension - group
Frwb,Rd@ + 1) - 1 Fird = 455,24 - 222,12 233,12 Beam web - tension - group

SUMMARY TABLE OF FORCES

Nr hj Ftj rd Ft fc,rd Ftwc,Rd FtepRrd
1 193 222,12 - - 235,12
2 33 152,21 - - 235,12

CONNECTION RESISTANCE FOR BENDING M rd

Mijrd = Y hj FijRrd
Mird = 48,00 [kN*m] Connection resistance for bending
Mbz1,ed / Mjra < 1,0 0,42 < 1,00

Connection resistance for shear

oy = 0,60 Coefficient for calculation of Fyrd
Fvwra= 100,37  [kN]  Shear resistance of a single bolt

Firamax= 117,56  [kN]  Tensile resistance of a single bolt

Fordint = 288,00 [kN] Bearing resistance of an intermediate bolt

Fbraexx= 178,38  [kN]  Bearing resistance of an outermost bolt

Nr Ftj,Rd,N Ftj,Ed,N Ftj,Rd,m
1 235,12 -4,16 222,12 92,50
2 235,12 -4,16 152,21 63,38

Firdn — Bolt row resistance for simple tension
Fiedan — Force due to axial force in a bolt row
Firam — Bolt row resistance for simple bending
Fiedam — Force due to momentin a bolt row
Fieda  — Maximum tensile force in a bolt row

Fyrd — Reduced bolt row resistance

Ft,wb,Rd Ft,rd Bp,rd
222,12 235,12 651,44
198,48 235,12 651,44

[6.2]
verified (0,42)
[Table 3.4]
[Table 3.4]
[Table 3.4]
[Table 3.4]
[Table 3.4]
Fij,Ed Fyj,rd
88,34 146,87
59,22 164,62
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Fi,ed,N = Njed Ft,rdN / NjRd
Ft,edm = Mjed Ftrd.m / MjRrd
Fi,ed = FjedN + FtjgdMm
Fyird = Min (Nh Fved (1 - Fyed/ (1.4 nh Ftrd,max), Nh Fyv,Rrd , Nh Fbrd))
VjRd = Nh Y 1" FyjRrd [Table 3.4]
VjRd = 311,49 [kN] Connection resistance for shear [Table 3.4]
Vbied / Vira < 1,0 0,15 < 1,00 verified (0,15)
Weld resistance
Aw = 39,17 [cm?] Area of all welds [4.5.3.2(2)]
Awy = 20,13 [cm?] Area of horizontal welds [4.5.3.2(2)]
Anz = 19,04 [cm? Area of vertical welds [4.5.3.2(2)]
hwy = 2918,15 [cm* Moment of inertia of the weld arrangement with respect to the hor. axis [4.5.3.2(5)]
Glmax=Tlmax = -66 [MPa] Normal stress in a weld [4.5.3.2(5)]
G1=TL = -60 [MPa] Stress in a vertical weld [4.5.3.2(5)]
= 24 [MPa] Tangent stress [4.5.3.2(5)]
Bw = 0,80 Correlation coefficient [4.5.3.2(7)]
V[o1max® + 3*(t1mad)] < ful (Bw*ymz) 132 < 360 verified (0,37)
V[o12 + 3*(t2+m2)] < ful (Bw*ymz) 128 < 360 verified (0,35)
o1 < 0.9*fulymz 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)]
Lo = 57 [mm] Boltlength [6.2.6.3.(2)]
kio = 4 [mm] Stiffness coefficient of bolts [6.3.2.(2)]
STIFFNESSES OF BOLT ROWS
Nr hj ks ka4 ks Keft, Keft,j hj Kertj hj?
Sum 9,31 158,31
1 193 4 7,96 153,78
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Nr hj ks ka ks Keft,j Keft, hj Keft,j hj?
119
2 33 4 1,36 4,53
106
Kefij =1/ (33° (1/kij)) [6.3.3.1.(2)]
Zeq = Y Kettj N2 1 3 Kett,j hj
Zeq = 170  [mm] Equivalent force arm [6.3.3.1.(3)]
Keq = D Kettj hj/ Zeq
Keq = 5 [mm] Equivalent stiffness coefficient of a bolt arrangement [6.3.3.1.(2)]
Sjini = E Zeq? Keq [6.3.1.(4)]
Sjini = 33244,38 [kN*m] Initial rotational stiffness [6.3.1.(4)]
p= 1,00 Stiffness coefficient of a connection [6.3.1.(6)]
Sj = Sjini / n [6.3.1.(4)]
Sj=  33244,38 [kN*m] Final rotational stiffness [6.3.1.(4)]
Connection classification due to stiffness.
Sjiig = 38458,46 [kN*m] Stiffness of a rigid connection [5.2.2.5]
Sjpin = 2403,65 [kN*m] Stiffness of a pinned connection [5.2.2.5]
Sipin < Sjini < Sjrig 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 | profile frame of tank DUMP TANK EC BA311

Autodesk Robot Structural Analysis Professional 2015
Design of welded beam-to-column connection

Ratio
PN-EN 1993-1-8:2006/AC:2009 0,66
-,.T:) _¢i¢_
| 2 120x4 - 127
Il 1 )
ik '
&
| |
g |
CoTN™ " weez0 0T T
1 E

#

=21
g|
|
|
|
|
- P I T T t. _______

|

General

Connection no.: 35

Connection name: Naroze ramy

Structure node: 75

Structure bars: 65, 103

Geometry

Column

Section: IPE 240

Bar no.: 65

o= -90,0 [Deg] Inclination angle

he = 240  [mm] Height of column section

brc = 120  [mm] Width of column section

twe = 6 [mm] Thickness of the web of column section
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o= -90,0
tre = 10
fe = 15
Ac = 39,12
Ixc = 3891, 63

Material: S 235

fye = 235

Beam

Section: IPE 240

Barno.: 103

o= 0,0
hy = 240
bt = 120
twb = 6
tib = 10
b = 15
o = 15
Ap = 39,12
o = 3891, 63

Material: S 235

fyb: 235

[Deg]
[mm]
[mm]
[cm?]

[cm]

[MPa]

[Deg]
[mm]
[mm]
[mm]
[mm]
[mm]
[mm]
[cm?]

[cm?]

[MPa]

Upper stiffener

Wy = 120
tru = 4
hy = 90
twu = 8
lu= 90
a= 45,0

Material: S 235

fyou = 235

[mm]
[mm]
[mm]
[mm]
[mm]

[Deg]

[MPa]

Inclination angle

Thickness of the flange of column section
Radius of column section fillet
Cross-sectional area of a column

Moment of inertia of the column section

Resistance

Inclination angle

Height of beam section

Width of beam section

Thickness of the web of beam section
Thickness of the flange of beam section
Radius of beam section fillet

Radius of beam section fillet
Cross-sectional area of a beam

Moment of inertia of the beam section

Resistance

Plate width
Flange thickness
Plate height
Web thickness
Plate length

Inclination angle

Resistance
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Column stiffener

Upper

heu = 220
bsu = 57
thu = 10

Material: S 235

fysu = 235
Lower

hed = 220
bsd = 57
thd = 10

Material: S 235

fysu = 235

[mm]
[mm]

[mm]

[MPa]

[MPa]

Stiffener height
Stiffener width

Stiffener thickness

Resistance

Stiffener height

Stiffener width

Stiffener thickness

Resistance

Plate strengthening column web

Typ: unilateral

ha: 218
Wa = 160
ta= 8

Material: S 235

fya = 235
Fillet welds
aw = 3
ar = 5
as = 5
an = 5
ap1 = 5
ap2 = S

[mm]
[mm]

[mm]

[MPa]

[mm]
[mm]
[mm]
[mm]
[mm]

[mm]

Material factors

o = 1,00

Plate length
Plate width

Plate thickness

Resistance

Web weld
Flange weld
Stiffener weld
Horizontal weld
Horizontal weld

Vertical weld

Partial safety factor

[2.2]
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Mo = 1,00 Partial safety factor [2.2]
ML = 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+41)*1.35+45*1.50

Mba1,Ed = 58,17 [kN*m] Bending moment in the right beam
Vbi,ed = 81,22  [kKN]  Shear force in the right beam

Nbiea= 104,24  [kN]  Axial force in the right beam

Mec1,Ed = -6,90 [kN*m] Bending moment in the lower column
Veieda= -21,93 [kN]  Shear force in the lower column
Neiea = —-157,54  [kN]  Axial force in the lower column

Me2,Ed = -0,39 [kN*m] Bending moment in the upper column
Veo,ed = 0,77 [kN]  Shear force in the upper column
Ne2ea = -76,32  [kN]  Axial force in the upper column
Results

Beam resistances

TENSION
Ap = 39,12 [cm?] Area
Ntb,rd = Ab fyb / ymo

Nipra = 919,23 [kN] Design tensile resistance of the section

Nb1,ed / Nib,rd < 1,0 0,11 < 1,00 verified
SHEAR
Aw = 26,34 [cm? Shear area

Vebrd = Aws (fyb / V3) / ymo
Vebrd = 357,43 [kN] Design sectional resistance for shear
Vb1,ed / Vebrd < 1,0 0,23 < 1,00 verified

BENDING - PLASTIC MOMENT (WITHOUT BRACKETS)

EN1993-1-1:[6.2.3]

EN1993-1-1:[6.2.3]

(0,11)

EN1993-1-1:[6.2.6.(3)]

EN1993-1-1:[6.2.6.(2)]

(0,23)
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Wpp= 366,68 [cm3] Plastic section modulus EN1993-1-1:[6.2.5.(2)]

Mb,pl,Rd = Woib fyb / ymo

Mbprda =86, 17 [KN*m] Plastic resistance of the section for bending (without stiffeners)

BENDING ON THE CONTACT SURFACE WITH PLATE OR CONNECTED ELEMENT

Wy = 442,78 [cm3  Plastic section modulus
Meb,rd = Woi fyb / ymo

Meorda = 104,05 [KN*m] Design resistance of the section for bending

Mbz1,ed / Mcb,rd < 1,0 0,56 < 1,00 verified

FLANGE AND WEB - COMPRESSION

Merd = 104,05 [kN*m] Design resistance of the section for bending
hi = 322 [mm] Distance between the centroids of flanges
Fe.to.rd = Mcb,rd / ht

Fetora = 322,87 [kN] Resistance of the compressed flange and web
AXIAL FORCES IN BEAM FLANGES

ht = 322  [mm] Distance between the centroids of flanges
en= 26 [mm] Axial force eccentricity

Nupp = Nb1,ed / 2 + (-Nb1,ed €n + Mba,Ed) / ht

Nupp= 224,38 [KN]  Axial force in the beam top flange

Niow = Nb1,ed / 2 - (-Nb1,ed €n + Mba,Ed) / ht

Niow= -120,14 [kN] Axial force in the beam bottom flange

Column resistances
WEB PANEL - SHEAR

Moiea= 58,17 [kN*m] Bending moment (right beam)
Mb2,ed = 0,00 [kN*m] Bending moment (left beam)
Veiea= -21,93  [kN]  Shear force (lower column)
Veo,ed = 0,77 [KN]  Shear force (upper column)
z= 322 [mm] Lever arm

Vwp,ed = (Mb1,Ed - Mb2,d) / Z - (Ve1ed - Vez2,ed) / 2
Vwped= 191,86  [kN]  Shear force acting on the web panel

Avs = 19,14 [cm? Shear area of the column web

EN1993-1-1:[6.2.5.(2)]

EN1993-1-1:[6.2.5]

EN1993-1-1:[6.2.5]

(0,56)

EN1993-1-1:[6.2.5]

[6.2.6.7.(1)]

[6.2.6.7.(1)]

[5.3.3)]
[5.3.3)]
[5.3.3)]
[5.3.3)]

[6.2.5]

[5.3.3)]

EN1993-1-1:[6.2.6.(3)]
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Avs = 19,14
Avp = 9,92
Ave = 29,06
ds = 320
Mpiferd = 0,68
Mpi,sturd = 0,70
Mpistrd = 0,70

[cm?]
[cm?]
[cm?]
[mm]
[kN*m]
[kN*m]

[KN*m]

Shear area of the column web

Area of the web stiffening plate

Shear area

Distance between the centroids of stiffeners

Plastic resistance of the column flange for bending

Plastic resistance of the upper transverse stiffener for bending

Plastic resistance of the lower transverse stiffener for bending

EN1993-1-1:(6.2.6.(3)]
EN1993-1-1:[6.2.6.(3)]
EN1993-1-1:(6.2.6.(3)]
[6.2.6.1.(4)]
(6.2.6.1.(4)]
(6.2.6.1.(4)]

[6.2.6.1.(4)]

pr,Rd =09 (Avs*fy,wc+Avp*fya ) / (\/3 'YMO) + Mln(4 Mpl,fc,Rd /ds, (2 Mpl,fc,Rd + Mpl,stu,Rd + Mpl,stI,Rd) / ds)

Vwp,Rd = 363,36

[kN]

pr,Ed / pr,Rd < 1,0

Resistance of the column web panel for shear

0,53 < 1,00 verified

WEB - TRANSVERSE COMPRESSION - LEVEL OF THE BEAM BOTTOM FLANGE

Bearing:
twe =

Defr.cwe =
Avc =

0,88
Gcom,Ed =
1,00

kwe =

As =

9 [mm] Effective thickness of the column web
148 [mm] Effective width of the web for compression

29,06 [cm?] Shear area

Reduction factor for interaction with shear

57 [MPa] Maximum compressive stress in web

Reduction factor conditioned by compressive stresses

11,38 [cm?] Area of the web stiffener

FeweRdl = © Kwe Deff.cwe twe fye / ymo + As fys / ymo

Fewerdl = 551,96

Buckling:

Owe = 190
Ap = 0,56
p= 1,00
As = 5,35
xs = 1,00

(kN]

[mm]

Column web resistance

Height of compressed web

Plate slenderness of an element
Reduction factor for element buckling
Stiffener slenderness

Buckling coefficient of the stiffener

FewcRdz = @ Kwe P Deff.cwe twe fyc / ym1 + As As fys / M1

Fewe,Rd2 = 551,96

Final resistance:

(kN]

Column web resistance

[6.2.6.1]

(0,53)

[6.2.6.2.(6)]
[6.2.6.2.(1)]
EN1993-1-1:[6.2.6.(3)]
[6.2.6.2.(1)]
[6.2.6.2.(2)]
[6.2.6.2.(2)]

EN1993-1-1:[6.2.4]

[6.2.6.2.(1)]

(6.2.6.2.(1)]
(6.2.6.2.(1)]
[6.2.6.2.(1)]

EN1993-1-1:[6.3.1.2]

EN1993-1-1:[6.3.1.2]

[6.2.6.2.(1)]






PROMAR Project: Page:

Design Office BMW Dingolfing 104
Fewe,Rdlow = Min (Fewerdt , Fewe,Rd2)
Fewera = 551,96  [kN]  Column web resistance [6.2.6.2.(1)]
Niow / Fewe,rdlow < 1,0 0,22 < 1,00 verified (0,22)
WEB - TRANSVERSE TENSION - LEVEL OF THE BEAM TOP FLANGE
twe = 9 [mm] Effective thickness of the column web [6.2.6.3.(8)]
Defr twe = 144 [mm] Effective width of the web for compression [6.2.6.3.(2)]
Avc = 29,06 [cm? Shear area EN1993-1-1:[6.2.6.(3)]
o= 0,90 Reduction factor for interaction with shear [6.2.6.3.(4)]

As = 11,38 [cm?  Area of the web stiffener

Ftwe,Rd,upp = © Defttwe twe fye / ymo + As fye / ymo

EN1993-1-1:[6.2.4]

Ftwerda = 530,86  [kN]  Column web resistance [6.2.6.3.(2)]
Nupp / Ftwe,Rrdupp < 1,0 0,42 < 1,00 verified (0,42)
Weld resistance

Aw = 47,46 [cm?] Area of all welds [4.5.3.2(2)]
Awy = 30,98 [cm?] Area of horizontal welds [4.5.3.2(2)]
Awz = 16,48 [cm?] Area of vertical welds [4.5.3.2(2)]
lwy = 7244,80 [cm?* Moment of inertia of the weld arrangement with respect to the hor. axis [4.5.3.2(5)]
GLmax=T.lmax = 116 [MPa] Normal stressin a weld [4.5.3.2(5)]
o=t = 110 [MPa] Stress in a vertical weld [4.5.3.2(5)]
= 49 [MPa] Tangent stress [4.5.3.2(5)]
Bw = 0,80 Correlation coefficient [4.5.3.2(7)]
V[o1max® + 3*(t1mad)] < ful (Bw*ymz) 231 < 360 verified (0,64)
V[o12 + 3*(t2+mi?)] < ful (Burymz) 237 < 360 verified (0,66)
oL < 0.9*fulyme 116 < 259 verified (0,45)

Connection stiffness

Axial force in the beam exceeds 5% of the Npird 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 | profile frame for tank DUMP TANK BA311

(7 Autodesk Robot Structural Analysis Professional 2015
] . . )
; Design of fixed beam-to-beam connection
Ratio
PN-EN 1993-1-8:2006/AC:2009 0,67
120
-
70
+—4
2 % T
=t 2 : T ;
o i PE 240 '
=g~ "7 T " T 7" 7" B i B S sE180 i i
ofle e | R ==t ;
[— | —] g ' J
o o 4 }
GENERAL
Connection no.: 42
Connection name: Doczolowe
Structure node: 203
Structure bars: 435, 436
GEOMETRY
LEFT SIDE
BEAM
Section: IPE 240
Bar no.: 435
o= -180,0 [Deg] Inclination angle
hol = 240  [mm] Height of beam section
bl = 120  [mm] Width of beam section
twol = 6 [mm] Thickness of the web of beam section
trol = 10 [mm] Thickness of the flange of beam section
Mol = 15 [mm] Radius of beam section fillet
Apl = 39,12 [cm?] Cross-sectional area of a beam
Ixbl = 3891,63 [cm?* Moment of inertia of the beam section

Material: S 235
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fyp = 235 |[MPa] Resistance

RIGHT SIDE

BEAM

Section: IPE 180
Bar no.: 436

o= -0,0 [Deg] Inclination angle

hor = 180 [mm] Height of beam section

bror = 91 [mm] Width of beam section

twor = 5 [mm] Thickness of the web of beam section
tror = 8 [mm] Thickness of the flange of beam section
lor = 9 [mm] Radius of beam section fillet

Aor = 23,95 [cm?] Cross-sectional area of a beam

Ixbr = 1316,96 [cm?* 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]
Class= 10.9
Fra= 117,56  [kN]

Nh = 2
nv = 3
hi = 65  [mm]

Horizontal spacing ei =
Vertical spacing pi =

PLATE

hpr = 300 [mm]
bpr = 120 [mm]
tor = 25 [mm]
Material: S 235
fypr = 235

FILLET WELDS

aw = 4 [mm]
ar= 6 [mm]

Bolt diameter

Bolt class

Tensile resistance of a bolt
Number of bolt columns
Number of bolt rows

Distance between first bolt and upper edge of front plate

70 [mm]
110;100 [mm]

Plate height
Plate width
Plate thickness

[MPa] Resistance

Web weld
Flange weld

MATERIAL FACTORS

Mo = 1,00
ML = 1,00
M2 = 1,25
YM3 = 1,25
LOADS

Partial safety factor
Partial safety factor
Partial safety factor
Partial safety factor

[2.2]
[2.2]
[2.2]
[2.2]

Ultimate limit state

Case: Manual calculations.

Mbiea = -17,03 [kKN*m] Bending moment in the right beam

Vbiea = ~—79,67  [kN]
Norea = -5,34  [kN]

RESULTS

Shear force in the right beam
Axial force in the right beam
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BEAM RESISTANCES

COMPRESSION

Ap = 23,95 [cm? Area

Neb,rd = Ab fyb / ymo

Nebrd = 562,76 [kN] Design compressive resistance of the section
SHEAR

A = 11,25 [cm?] Shear area

Veb,rd = Awb (fyo / ¥3) / ymo

Vebrd = 152,65 [kN]  Design sectional resistance for shear
Vb1Ed / Vebrd £ 1,0 0,52 < 1,00
BENDING - PLASTIC MOMENT (WITHOUT BRACKETS)

Wopib = 166,42 [cm3 Plastic section modulus

Mb,pi,Rd = Wolb fyb / ymo

verified

Mbprd =39, 11 [KN*m] Plastic resistance of the section for bending (without stiffeners)

EN1993-1-1:[6.2.4]
EN1993-1-1:[6.2.4]
EN1993-1-1:[6.2.6.(3)]

EN1993-1-1:[6.2.6.(2)]
(0,52)

EN1993-1-1:[6.2.5.(2)]

EN1993-1-1:[6.2.5.(2)]

BENDING ON THE CONTACT SURFACE WITH PLATE OR CONNECTED ELEMENT

Wpi = 166,42 [cm® Plastic section modulus
Meb,rd = Woi fyb / ymo
Mebrd = 39,11 [kKN*m] Design resistance of the section for bending

EN1993-1-1:[6.2.5]

EN1993-1-1:[6.2.5]

BENDING WITH SHEAR ON THE CONTACT SURFACE WITH PLATE OR CONNECTED ELEMENT

8= 0,00 Reduction factor for shear

Aw = 7,74 [cm? Web area

Mvb,rd = [Wopi - & Aw? 1 (4 tw)] fyb / ymo

Mwvbra =39,10 [kN*m] Reduced resistance (shear) of the section for bending
FLANGE AND WEB - COMPRESSION

Mwvbrd =39,10 [kN*m] Reduced resistance (shear) of the section for bending

EN1993-1-1:[6.2.8.(3)]
EN1993-1-1:[6.2.8.(5)]

EN1993-1-1:[6.2.8.(5)]

EN1993-1-1:[6.2.8.(5)]

ht = 172 [mm] Distance between the centroids of flanges [6.2.6.7.(1)]
Fc.fo,rd = Mvb,rd / ht
Femrda= 227,31  [kN]  Resistance of the compressed flange and web [6.2.6.7.(2)]
GEOMETRICAL PARAMETERS OF A CONNECTION
EFFECTIVE LENGTHS AND PARAMETERS - FRONT PLATE
Nr m Mx e €x p |eff,cp |eff,nc |eff,1 |eff,2 |eff,cp,g |eff,nc,g |eff,1,g |eff,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
left,cp — Effective length for a single bolt in the circular failure mode
leff,ne — Effective length for a single bolt in the non-circular failure mode
letf,1 — Effective length for a single bolt for mode 1
ler,2 — Effective length for a single bolt for mode 2
left.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
letf,1,g — Effective length for a group of bolts for mode 1
leff 2, — Effective length for a group of bolts for mode 2
CONNECTION RESISTANCE FOR COMPRESSION
Njrd = Min ( Ncbrd )
Njra = 562,76 [kN] Connection resistance for compression [6.2]
Nb1,ed / Njra < 1,0 0,01 < 1,00 verified (0,01)

CONNECTION RESISTANCE FOR BENDING

117,56 Bolt resistance for tension

Ftrd = [kN]

[Table 3.4]






PROMAR Project: Page:

Design Office BMW Dingolfing 108
Fira= 117,56  [kN]  Bolt resistance for tension [Table 3.4]
Bpra= 325,72 [kN] Punching shear resistance of a bolt [Table 3.4]
Fiiera  — column flange resistance due to bending
Fiwecrd  — column web resistance due to tension
Fieprd — resistance of the front plate due to bending
Fiwb,rd — resistance of the web in tension

Ftfc,rd = Min (F1,16c.Rd , FT,2fcRd , FT:3,fc,Rd)
FtweRd = @ beff,t,wc twe fyc / YMO

Ftep.rd = Min (FT,l,ep,Rd , FT.2.epRd , FT,3,ep,Rd)
Ftwb,Rd = Deff,twb two fyb / ymo

RESISTANCE OF THE BOLT ROW NO. 1

[6.2.6.4] , [Tab.6.2]

Ft1,rRd,comp - FOrmula
Fii,rd = Min (Ftl,Rd,comp)
Ftep,ra@) = 193,27
Bp,ra = 651,44

Fe,brd = 227,31

Ftl,Rd,comp
193,27
193,27
651,44
227,31

RESISTANCE OF THE BOLT ROW NO. 2

Ft2,Rd.comp - FOrmula
Ft2,rd = Min (th,Rd,comp)
Ftep,rd2) = 235,12
Ftwb,rd2) = 181,19
Bp,rd = 651,44

FefoRrd - Y11 Fjrd = 227,31 - 193,27

th,Rd,comp
34,04
235,12
181,19
651,44
34,04

RESISTANCE OF THE BOLT ROW NO. 3

Ft3,Rd.comp - FOormula
Ftz,rd = Min (Fts,Rd,comp)
Ftep,rd@3) = 235,12
Ftwb,rd@) = 177,54
Bp,rd = 651,44

Feford - Y12 Fjrd = 227,31 - 227,31
Fteprd@+2) - 322 Fijrd = 470,25 - 34,04
Fiwb,Rd@ +2) - 2 2% Fjra = 318,19 - 34,04

Ft3,Rd,comp
0,00
235,12
177,54
651,44
0,00
436,21
284,15

SUMMARY TABLE OF FORCES

Ft,ep,Rd
193,27
235,12
235,12

Ft.ic.rd Ftwe.Rd

CONNECTION RESISTANCE FOR BENDING M;jrd

Nr hj Ftj,rd
1271 193,27
2 171 34,04

3 6l -

Mijrd = Y hj FjRrd

MjRd = 58,20 [kN*m]

Mb1,ed / Mjrd < 1,0

Connection resistance for bending
0,29 < 1,00

CONNECTION RESISTANCE FOR SHEAR

oy = 0,60
Furd= 100,37  [kN]
Ftrdmax= 117,56 [kN]
FbRraint= 288,00 [kN]
Fordex= 116,74  [kN]
Nr Ftj,rd,N
1 235,12
2 235,12
3 235,12
Ftj,rd,N
Fj,ed.N
Ftj,rd,m
Fj,ed.m

Fi,ed

Coefficient for calculation of Fy,rd

Shear resistance of a single bolt

Tensile resistance of a single bolt
Bearing resistance of an intermediate bolt
Bearing resistance of an outermost bolt

Ftj,Ed.N Ftj,rd.m Ftj,Ed,m
-1,78 193,27 56,56
-1,78 34,04 9,96
-1,78 0,00 0,00

— Bolt row resistance for simple tension
— Force due to axial force in a bolt row
— Bolt row resistance for simple bending
— Force due to moment in a bolt row

— Maximum tensile force in a bolt row

[6.2.6.3.(1)]
[6.2.6.5] , [Tab.6.2]
[6.2.6.8.(1)]
Component
Bolt row resistance
Front plate - tension
Bolts due to shear punching
Beam flange - compression
Component
Bolt row resistance
Front plate - tension
Beam web - tension
Bolts due to shear punching
Beam flange - compression
Component
Bolt row resistance
Front plate - tension
Beam web - tension
Bolts due to shear punching
Beam flange - compression
Front plate - tension - group
Beam web - tension - group
Ftwb,Rd Ft,rd Bp,rd
235,12 651,44
181,19 235,12 651,44
177,54 235,12 651,44
[6.2]
verified (0,29)
[Table 3.4]
[Table 3.4]
[Table 3.4]
[Table 3.4]
[Table 3.4]
Ftj.Ed Fvj.rd
54,78 167,34
8,18 195,75
-1,78 200,74
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Fi,rd,N — Bolt row resistance for simple tension
Fvi,rd — Reduced bolt row resistance
Fi,ed,N = Njed Ft,rdN / NjRd
Ft,edm = Mjed Ftrdm / MjRrd
Ft,ed = Ftjed,N + FtjEdMm
Fvird = Min (nh Fved (1 - Fed/ (1.4 nh Ftrd,max), Nh Fv,Rd , Nh Fb,Rd))
Vird = Nh 1" Fyjrd [Table 3.4]
VjRrd = 563,83 [kN] Connection resistance for shear [Table 3.4]
Vb1,ed / Vira £ 1,0 0,14 < 1,00 verified (0,14)
WELD RESISTANCE
Aw = 25,26 [cm?] Area of all welds [4.5.3.2(2)]
Awy = 13,58 [cm?] Area of horizontal welds [4.5.3.2(2)]
Awz = 11,68 [cm? Area of vertical welds [4.5.3.2(2)]
lwy = 1085,08 [cm?* Moment of inertia of the weld arrangement with respect to the hor. axis [4.5.3.2(5)]
Glmax=Tlmax = -111 [MPa] Normal stress in a weld [4.5.3.2(5)]
Gl=TL = -105 [MPa] Stressin a vertical weld [4.5.3.2(5)]
= -68 [MPa] Tangent stress [4.5.3.2(5)]
Bw= 0,80 Correlation coefficient [4.5.3.2(7)]
\/[Gj_maxz + 3*(timax®)] < ful(Bw*ymz) 223 < 360 verified (0,62)
V[o12 + 3*(t.2+12)] < ful (Bw*ymz) 241 < 360 verified (0,67)
o1 < 0.9%ulym2 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)]
Lo = 57 [mm] Boltlength [6.2.6.3.(2)]
kio = 4 [mm] Stiffness coefficient of bolts [6.3.2.(2)]
STIFFNESSES OF BOLT ROWS

Nr hj ks ka ks Keff; Keffj hj Kefj hj?

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
Ketj =1/ (>3% (1 /kij) [6.3.3.1.(2)]
Zeq = ¥ Kettj h? / 3 Kettj hj
Zeq = 208 [mm] Equivalent force arm [6.3.3.1.(3)]
Keq = 3 Keft, hj / Zeq
Keq = 9 [mm] Equivalent stiffness coefficient of a bolt arrangement [6.3.3.1.(2)]
S;ini = E Zeq? keq [6.3.1.(4)]
Sjini= 82911,43 [kN*m] Initial rotational stiffness [6.3.1.(4)]
u= 1,00 Stiffness coefficient of a connection [6.3.1.(6)]
Sj = Sjini / n [6.3.1.(4)]
Sj= 82911,43 [kN*m] Final rotational stiffness [6.3.1.(4)]
Connection classification due to stiffness.
Sirig= 11062,46 [kKN*m] Stiffness of a rigid connection [5.2.2.5]
Sjpin = 691,40 [kN*m] Stiffness of a pinned connection [5.2.2.5]

Sjini B Sjrig 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

Civil and structural Eng.

M. Sc. Maciej Markowski
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1. SUMMARY/ZUSAMMENFASSUNG

The purpose of this report is to present the design of the tank ECPKO011/ Das Ziel
dieses Berichts ist die Statik-Berechnung des Tanks ECPKO11 vorzustellen.

1. Figure. Isometric view/ Isometrische Ansicht

PLAN OF TANK
= { 1:150

2. Figure. Plan/ Grundriss

Project: DE-2102635-CR-1 tank PK011
BMW Dingolfilg Revision O
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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
Stabilitit der Konstruktion in Langsrichtung wird durch die feststehenden Stiitzen 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

Project: DE-2102635-CR-1 tank PK011
BMW Dingolfilg Revision O
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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/ Standige Last:
e hydrostatic pressure: 11,0 kN/m’. 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 betrdgt 3,51 m, der Druck 3,51 x 11 = 38,61 kPa
3. Moving load (Load track)/ Verkehrslast (Fahrschiene)

Loads including

Fahrsfchiene carbody: weight ;Geqenlauf:schiene(F’;‘rozes
) | : i I
oo ; ! | e
- ; S
| I (T
0 | 1 : |
Seam e T3
! : = I
i 4 P E Y
_ i f E
- 5 .
\\smuemm15m; 5
9 i A
: - i :
Fx1—369kN
: : Mt1 = Fz1x 0, 88 m=1 808 kKNm
kN - o Fy1 =1 2 kN!m (statlc) and 23 kN / -1kN per support (dynamlc)
L’z Fy2" ; . TKkN : .
_Fﬂ—21kN_ﬂ“_“”f”_.“”f“__“f__”“_f._

Vertical load Fy> in every 6,8 m has been applied on the tank with dynamic safety factor 1,1.
Fy>=7x1,1=7,7 kN/ Die vertikale Belastung Fy2 in Abstinden von 6,8 m wurde mit dem
dynamischen Sicherheitsfaktor 1,1 auf den Tank eingebracht. Fy2 =7 x 1,1 =7,7 kN

Project: DE-2102635-CR-1 tank PK011
BMW Dingolfilg Revision O
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Druck auf den Blattern des Tanks - Lastfall No 2

—loadcase No 3/ Verkehrslast - Lastfall Nr 3

6. Figure. Moving load

DE-2102635-CR-1 tank PK011
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The combination were generated according superposition principles/ Die Kombination wurde

nach Uberlagerungsprinzipien erzeugt.

Load factors/ Belastungsfaktoren::

|N? Title Action Factor of dead weight y-u  y-f  y-2 Yo Y1 Wz guinf
1 Selfweight G dead load 1.00 135 100 100 100 100 100 1.00
2 Dead load G dead load 000 135 100 100 100 100 100 1.00
3 Moving load Q wariable load 0.00 150 000 100 070 050 030 1.00

Combination rule Number 186
5LS characteristic combination
Superposition according to manual MAXIMA formula 2.4

Ed,mre =t ZGk,j &P e Ok.l -] ZEPO,I' 2 Qk,:’
=1 i=1
Resulting Load Cases type SL5 characteristic combination

Load Case selection and Actions

Superposition Factors
Act Part| vy-u v-f| vy-a Yo U Pz |bhiinf Designation
LC Fact [Type
G G 1.68( 1.68| 1.86| 1.68| 1.6@( 1.88( 1.006 dead load
1 1.06 |PERM |Selfweight
1.88 |PERM |Dead load
5 1.88|PERM|Load track
L Q 1.08( 8.88| 1.88| 8.75| B8.75( ©8.75( B.86 Live load
4 1.88 A9 |Live load
Q Q l1.68( ©.68( 1.68| 8.70| 8.50( 8.38( 1.06 variable load
3 1.88|COND |Moving load
Act action
Part partition of the action
V-u,¥-F,v-2a partial safety factors for unfavourable/favourable/accidental
Yo,¥1,%2,9:inf combination coefficients
LC number of the load case
Fact factor for load case
Type type of the load case
FERM permanent load grouped in actions
COND conditional load
A exclusive load
Project: DE-2102635-CR-1 tank PK011
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Combination rule Number 183
ULS fundamental combination
Superposition according to manual MAXIMA formula 2.1

Eq=E ZTGJ -Grj@Ye-Pr@Y¥o1-Ck1 @ Z'}’o,s- Wo,i- Qi
j=1 i=1
Resulting Load Cases type ULS fundamental combination

Load Case selection and Actions

Superposition Factors

Act| Part| y-u| y-f| y-a {111 i Yz |biinf Designation
LC Fact [ Type

G G 1.35( 1.66| 1.08| 1.88| 1.66| 1.06| 1.00 dead load
1 1.68|PERM|Selfweight

1.68|PERM|Dead load
1.08|PERM|Load track

L Q 1.508( .88 1.90| 8.75| 8.75| 6.75| ©.80 Live load
4 1.88| A9(Live load
Q Q 1.58( 6.886| 1.80| 8.78| 6.58| 6.36| 1.98 variable load
3 1.88 |COND [Moving load
Act action
Part partition of the action
¥-u,y-f,y-a partial safety factors for unfavourable/favourable/accidental
Yo, 1,0z,¥:inf combination coefficients
LC number of the load case
Fact factor for load case
Type type of the load case
PERM permanent load grouped in actions
COND canditieonal load
Project: DE-2102635-CR-1 tank PKO11
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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:

e Steel grade of elements is S235/ Die Stahlsorte der Elemente ist S235

Mat 1 S 235 (EN 1993)

Young's modulus E 218868 | [N/mm2] Safetyfactor 1.88|[-]
Poisson's ratio u 8.3e|[-] Yield stress fy 235.808 [[N/mm2]
Shear modulus G 88769 | [N/mm2] Compressive yield fyc 235.80 [[N/mm2]
Compression modulus K 175880 | [N/mm2 ] Tensile strength ft 360.80 [[N/mm2]
Nominal Weight v 78.5|[kN/m3] Compressive strength fc 360.80 [[N/mm2]
Mean density p 7858.8 [[kg/m3] Ultimate strain 180.86([o/o00]
Elongation coefficient a 1.28E-85 |[1/K] relative bond coeff. B.e@|[-]
max. thickness t-max 48.68 | [mm] EN 1992 bond coeff. k1 8.e8|[-]
Hardening modulus Eh B.88 |[N/mm2]
Proportional limit fp 235.80 [[N/mm2]
Dynamic allowance o-dyn 8.88|[N/mm2]

A
—=nnn n :nnn 1nnnn RELLT Fannn FEANN annnn

7. Figure. Material designations/ Materialbezeichnungen

Project: DE-2102635-CR-1 tank PKO11
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8. Figure. Designation of element group/ Bezeichnung der Elementgruppe

9. Figure. Designati&i of element éfoup/ Bezeicﬂﬁung der Eleiﬁéntgruppe

DE-2102635-CR-1 tank PK011
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10. Sectional designation of element group No 4/ Querschnittsbezeichnung der

Elementgruppe Nr. 4

& &
g E
# 4
2 <
T2 d 0y 2 201 “n'\;:d 2402 d0x 20y 2 01 “=1§=: 2402 d 02 (2 () el 2 2. w20
= can 1nan 1cnn 2ann 22nn 2nnn 200

11. Sectional designation of element group No 3, 5, 14/ Querschnittsbezeichnung der

Elementgruppe Nr. 3, 5, 14

Project: DE-2102635-CR-1 tank PK011
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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
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17. Figure. Design results in ULS. Support forces in global Z/ Bemessungsergebnisse in GZT.
Auflagerkrifte in globalen Z

18. Figure. Design results in ULS. Support forces in global X/ Bemessungsergebnisse in GZT.
Auflagerkrifte in globalen X
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19. Figure. Design results in ULS. Support forces in global Y/ Bemessungsergebnisse in GZT.
Auflagerkrifte 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

BN S,

S T s b

21. Figure. Design results in SLS. Nodal displacements in global X of the tank/

DE-2102635-CR-1 tank PK011

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
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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
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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

1000t

5000,
'

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
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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 erfiillt 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.
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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
Stabilitdt der Konstruktion in Langsrichtung wird durch die feststehenden Stiitzen 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/ Standige Last:
e hydrostatic pressure: 10,0 kN/m’. 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 betrdgt 1,65 m, der Druck 1,65 x 10 = 16,5 kPa

e,
™,
",
h—l—!_h

-5000. -4500. -400p -3500. —3000- -2500. -zooo. -1t
| | | e e | | |

em Ouadrilateral Elements

4. Figure. Hydrostatic pressure on the sheets of the tank — loadcase No 2/ Der hydrostatische
Druck auf den Blittern 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 Uberlagerungsprinzipien erzeugt.

Load factors/ Belastungsfaktoren::

N? Title Action Factor of dead weight y-u  y-f  y-2 Yo Y1 Wz guinf

1 Selfweight G dead load 100 135 100 100 1.00 100 1.00 1.00

2 Dead load G dead load 000 135 100 1.00 1.00 100 100 1.00

3 Moving load Q  wvariable load 0.00 150 000 100 070 050 030 1.00
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Combination rule Number 166
5LS characteristic combination
Superposition according to manual MAXIMA formula 2.4

Edrare =E4 > Grj® P ® Q1@ D o~ Ori
=1 =1
Resulting Load Cases type 5LS characteristic combination

Load Case selection and Actions

Superposition Factors

Act| Part| y-u| y-f| y-a Ue Uy Uz (Piinf Designation

LC Fact |Type
G G 1.68( 1.68| 1.68| 1.66| 1.86| 1.88| 1.60 dead load

1 1.88 | PERM|Selfweight

1.86 |PERM | Dead load

3 1.88 |PERM|Track load
L Q 1.66( 6.ee| 1.86| 8.75| 8.75| ©6.75| ©6.88 live loading

5 1.88| A9 Moving load
Q Q 1.66( b.6@| 1.00| ©.76| 8.50| ©.38| 1.080 variable load

4 1.88|COND|Live load
Act action
Part partiticn of the action
V-u,y-f,y-a partial safety factors for unfavourable/faveourable/accidental
Yo,0:,%;,4,inf combination coefficients
LE number of the load case
Fact factor for leoad case
Type type of the load case
PERM permanent leoad grouped in actions
COND conditional load
A exclusive load

Combination rule Number 183

ULS fundamental combination
Superposition according to manual MAXIMA formula 2.1

Eg=E ZTG.}' “Grj®Vp-Pr@®Yo1-Qr1@® Z'}'O,e" Wo,i- Ok,
j=1 i=1
Resulting Load Cases type ULS fundamental combination

Load Case selection and Actions

Superposition Factors
Act Part| vy-u y-f| vy-a e [Py Wz [Piinf Designation

LC Fact |Type

G G 1.35| 1.88| 1.66| 1.66| 1.88| 1.66| 1.0886 dead load
1 1.88 |PERM|Selfweight

1.688 |PERM|Dead load

3 1.88 |PERM|Track load

L Q 1.56| 6.68| 1.86| 8.75| B.75| ©.75| ©.88 live loading
5 1.88| A9 ([Moving load

Q Q 1.58| B8.e8| 1.68| 8.78( 6.56| 8.38| 1.68 variable load
4 1.80 |COND|Live load

Act action

Part partition of the actien

v-u,y-f,v-a partial safety factors for unfavourable/favourable/accidental

Go,d,¥z,4,inf combination coefficients

L number of the load case

Fact factor for load case

Type type of the load case

PERM permanent load grouped in actions

COND conditional load

A exclusive load
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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:
o Steel grade of tank is stainless steel EN 1.4307/ Die Stahlsorte des Tanks ist Edelstahl EN
1.4307

e Steel grade of elements is S235/ Die Stahlsorte der Elemente ist S235

Mat 1 EN 1.4307

Young's modulus E 200080 | [N/mm2 ] Safetyfactor 1.18|[-1]
Poisson's ratio u 8.308|[-] Yield stress fy 175.88 |[N/mm2]
Shear modulus G 76923 | [N/mm2] Compressive yield fyc 175.88 [[N/mm2]
Compression modulus K 166667 | [N/mm2 ] Tensile strength ft 458.88 |[N/mm2 ]
Nominal Weight y 79.0 | [kN/m3] Compressive strength fc 520.88 [[N/mm2]
Mean density p 7980.8 | [kg/m3] Ultimate strain 16808.88 |[o/00]
Elongation coefficient a 1.68E-85|[1/K] relative bond coeff. B.8@|[-]
max. thickness t-max 46.688 | [mm] EN 1992 bond coeff. k1 8.8 |[-]
Hardening modulus Eh .88 |[N/mm2]
Proportional limit fp 178.080 |[N/mm2]
Dynamic allowance g-dyn .88 |[N/mm2]
Mat 2 S 235 (EN 1993)
Young's modulus E 219680 | [N/mm2] Safetyfactor 1.88|[-]
Poisson's ratio 1} 8.38|[-1] Yield stress fy 235.80 |[N/mm2]
Shear modulus G 88769 | [N/mm2] Compressive yield fyc 235.88 [[N/mm2]
Compression modulus K 175888 | [N/mm2 ] Tensile strength ft 368.080 |[N/mm2]
Nominal Weight y 78.5|[kN/m3] Compressive strength fc 360.80 |[N/mm2]
Mean density p 7850.8 | [kg/m3] Ultimate strain 188.88 |[o/00]
Elongation coefficient a 1.20E-85|[1/K] relative bond coeff. B8.88|[-]
max. thickness t-max 46.80 | [mm] EN 1992 bond coeff. k1 B.88|[-]
Hardening modulus Eh B8.80 |[N/mm2]
Proportional limit fp 235.80 [[N/mm2 ]
Dynamic allowance ag-dyn B8.88 | [N/mm2]
Project: DE-2102635-CR-2 tank PS021
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6. Figure. Material designations/ Materialbezeichnungen
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group S

group 4

group 3

group 2

group 1

7. Figure. Designation of element group/ Bezeichnung der Elementgruppe

8. Figure. Designation of elerﬁent group/ Bezeichnung der Elementgruppe
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9. Sectional designation / Querschnittsbezeichnung

" .}__,__ s Y

10. Sectional designation of element group No 1...8/ Querschnittsbezeichnung der
Elementgruppe Nr. 1...8
Project:
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11. Figure. Design results in ULS. Support forces in global Z/ Bemessungsergebnisse in GZT.

12. Figure. Design results in ULS. Support forces in global X/ Bemessungsergebnisse in GZT.
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Auflagerkrifte in globalen Y
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13. Figure. Design results in ULS. Support forces in global Y/ Bemessungsergebnisse in GZT.
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14. Figure. Design results in ULS. Support moment about global X/ Bemessungsergebnisse in
GZT. Auflagermomente um Global X
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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
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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

—4000.

E -2000.-

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.l1...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 erfiillt die Anforderungen sowohl im GZT als auch im GZG.

Project: DE-2102635-CR-2 tank PS021
BMW Dingolfilg Revision O
Page 20 of 20






Company: MB “Konstrukcijos”

BMW DINGOLFING

Steel Construction/ Stahlkonstruktion

Structural design report/ Berechnungbericht
Tank PS022

DOCUIMENE NO. .o e e e e e e et eeeeeeeeeeeaaaaans SK-1704-CR-3
Created DY: .o e e e e e e e e baa e e e enenaes Robertas Jauniskis
CRECKEA DY: ettt e e ettt e e e e tb e e e e e stbeeeeeasaeeeeesssaeeeessseeeeesssaeans
APDPIOVEA DY 1ttt ettt e e et e e e e etb e e e e straeeeeestbaeeeeantbaeeeeatbbeeeeatrateeeanraaeeeanes
DIALE: e a e e ———————— 22.05.2019
| AT 3 (6 s P PRRRPRPPRRRRPRRPRPPPRRPIRS
REVISION ALE: ...uvvvieiiiieiieieeeeeeeeeeeee ettt sse s esssssesessnnnsennnnnnnnes
REVISION COMIMENES: ... .uvveeieiieeeeeeeeeeeeeeeeeeeeetaeeeeeeeeaaeaaeeeaeeaeeeeeesaaseeesaseessasasssessensssssnnsessesssnnsnnnnnnn
PrOJECE MO ettt e e e et e e e et e e e erabaeeeennees DE-2102635
Project: DE-2102635-CR-3 tank PS022
BMW Dingolfilg Revision O

Page 1 of 19





Company: MB “Konstrukcijos”

TABLE OF CONTENTS

1. SUMMARY/ ZUSAMMENFASSUNG ..oceuuueuueessessssssssssssssssssssssssssssssssees -3-
2. BOUNDARY CONDITIONS/ AUFLAGERBEDINGUNGEN ............. -6 -
3. CALCULATIONS CODE/ NORMEN ...ocvvvrrrrrrrssssssssssssssssssssssssssssssses -6 -
4. LOADS AND LOAD COMBINATIONS/ LASTEN UND
LASTKOMBINATIONEN w.covvvvrrrrrrsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss -7-
5. CONSIDERATIONS/ ANNAHMEN wccccrsrssssssssssssssssssssssssssssssssssss -10 -
6. RESULTS/ ERGEBNISSE rirrsrsrsssssssssssssssssssssssssssssssssssssssssssssssssssss -13-
oW Dingolfl P eeon

Page 2 of 19





Company: MB “Konstrukcijos”

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.
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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
Stabilitdt der Konstruktion in Lingsrichtung wird durch die feststehenden Stiitzen 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

Project: DE-2102635-CR-3 tank PS022
BMW Dingolfilg Revision O
Page 6 of 19





Company: MB “Konstrukcijos”

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/ Standige Last:
e hydrostatic pressure: 10,0 kN/m’. 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 betrdgt 3,11 m, der Druck 3,11 x 10 =31,1 kPa

ll:‘h—l!l! /|

Druck auf den Blittern des Tanks - Lastfall No 2

3. Live load 1,5 kPa on platform. Nutzlasten 1,5 kPa

Project: DE-2102635-CR-3 tank PS022
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g db
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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 Uberlagerungsprinzipien erzeugt.

Load factors/ Belastungsfaktoren::

N? Title Action Factor of dead weight y-u  y-f  y-2 Yo Y1 Wz guinf

1 Selfweight G dead load 100 135 100 100 1.00 100 1.00 1.00

2 Dead load G dead load 000 135 100 1.00 1.00 100 100 1.00

3 Moving load Q  wvariable load 0.00 150 000 100 070 050 030 1.00
Project: DE-2102635-CR-3 tank PS022
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Combination rule Number 166
5LS characteristic combination
Superposition according to manual MAXIMA formula 2.4

Edrare =E4 > Grj® P ® Q1@ D o~ Ori
=1 =1
Resulting Load Cases type 5LS characteristic combination

Load Case selection and Actions

Superposition Factors

Act| Part| y-u| y-f| y-a Ue Uy Uz (Piinf Designation

LC Fact |Type
G G 1.68( 1.68| 1.68| 1.66| 1.86| 1.88| 1.60 dead load

1 1.88 | PERM|Selfweight

1.86 |PERM | Dead load

3 1.88 |PERM|Track load
L Q 1.66( 6.ee| 1.86| 8.75| 8.75| ©6.75| ©6.88 live loading

5 1.88| A9 Moving load
Q Q 1.66( b.6@| 1.00| ©.76| 8.50| ©.38| 1.080 variable load

4 1.88|COND|Live load
Act action
Part partiticn of the action
V-u,y-f,y-a partial safety factors for unfavourable/faveourable/accidental
Yo,0:,%;,4,inf combination coefficients
LE number of the load case
Fact factor for leoad case
Type type of the load case
PERM permanent leoad grouped in actions
COND conditional load
A exclusive load

Combination rule Number 183

ULS fundamental combination
Superposition according to manual MAXIMA formula 2.1

Eg=E ZTG.}' “Grj®Vp-Pr@®Yo1-Qr1@® Z'}'O,e" Wo,i- Ok,
j=1 i=1
Resulting Load Cases type ULS fundamental combination

Load Case selection and Actions

Superposition Factors
Act Part| vy-u y-f| vy-a e [Py Wz [Piinf Designation

LC Fact |Type

G G 1.35| 1.88| 1.66| 1.66| 1.88| 1.66| 1.0886 dead load
1 1.88 |PERM|Selfweight

1.688 |PERM|Dead load

3 1.688 |PERM|Track load

L Q 1.56| 6.68| 1.86| 8.75| B.75| ©.75| ©.88 live loading
5 1.88| A9 ([Moving load

Q Q 1.58| B8.e8| 1.68| 8.78( 6.56| 8.38| 1.68 variable load
4 1.80 |COND|Live load

Act action

Part partition of the actien

v-u,y-f,v-a partial safety factors for unfavourable/favourable/accidental

Go,d,¥z,4,inf combination coefficients

L number of the load case

Fact factor for load case

Type type of the load case

PERM permanent load grouped in actions

COND conditional load

A exclusive load
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S. CONSIDERATIONS/ ANNAHMEN

For a design of the steelwork, these considerations have been applied/ Bei der Bemessung
des Stahlwerks wurden folgende Annahmen angenommen:

o Steel grade oftank is stainless steel EN 1.4307/ Die Stahlsorte des Tanks ist Edelstahl EN

1.4307

o Steel grade of elements is S235/ Die Stahlsorte der Elemente ist S235

Mat 1 EN 1.4387
Young's modulus E 200080 | [N/mm2 ] Safetyfactor 1.18|[-1]
Poisson's ratio u 8.308|[-] Yield stress fy 175.88 |[N/mm2]
Shear modulus G 76923 | [N/mm2] Compressive yield fyc 175.88 [[N/mm2]
Compression modulus K 166667 | [N/mm2 ] Tensile strength ft 458.88 |[N/mm2 ]
Nominal Weight ' 79.0 | [kN/m3] Compressive strength fc 520.88 [[N/mm2]
Mean density p 7980.8 | [kg/m3] Ultimate strain 16808.88 |[o/00]
Elongation coefficient a 1.68E-85|[1/K] relative bond coeff. B.8@|[-]
max. thickness t-max 46.688 | [mm] EN 1992 bond coeff. k1 8.8 |[-]
Hardening modulus Eh .88 |[N/mm2]
Proportional limit fp 178.080 |[N/mm2]
Dynamic allowance g-dyn .88 |[N/mm2]
Mat 2 S 235 (EN 1993)
Young's modulus E 219680 | [N/mm2] Safetyfactor 1.88|[-]
Poisson's ratio 1} 8.38|[-1] Yield stress fy 235.80 |[N/mm2]
Shear modulus G 88769 | [N/mm2] Compressive yield fyc 235.88 [[N/mm2]
Compression modulus K 175888 | [N/mm2 ] Tensile strength ft 368.080 |[N/mm2]
Nominal Weight ¥ 78.5|[kN/m3] Compressive strength fc 360.80 |[N/mm2]
Mean density p 7850.8 | [kg/m3] Ultimate strain 188.88 |[o/00]
Elongation coefficient a 1.20E-85|[1/K] relative bond coeff. B8.88|[-]
max. thickness t-max 46.80 | [mm] EN 1992 bond coeff. k1 B.88|[-]
Hardening modulus Eh B8.80 |[N/mm2]
Proportional limit fp 235.80 [[N/mm2 ]
Dynamic allowance ag-dyn B8.88 | [N/mm2]
) > = 3 /i—
o 5 = I
- I -
7. Figure. Material designations/ Materialbezeichnungen
Project: DE-2102635-CR-3 tank PS022
BMW Dingolfilg Revision O

Page 10 of 19





Company: MB “Konstrukcijos”

group b

group b

8. Figure. Designation of element group/ Bezeichnung der Elementgruppe
(| I— |

f‘ g g g j
E H H H B

group 4‘
|

P group 4

group 4 group 2

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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Auflagerkrifte in globalen X

RESULTS/ ERGEBNISSE

6.

-2000.

12. Figure. Design results in ULS. Support forces in global Z/ Bemessungsergebnisse in GZT.

-z000.

13. Figure. Design results in ULS. Support forces in global X/ Bemessungsergebnisse in GZT.
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14. Figure. Design results in ULS. Support forces in global Y/ Bemessungsergebnisse in GZT.
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Auflagerkrifte in globalen Y

15. Figure. Design results in ULS. Support moment about global X/ Bemessungsergebnisse in GZT.

Auflagermomente um Global X

DE-2102635-CR-3 tank PS022
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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

=1

17. Figure. Design results in SLS. Nodal displacements in global Y of the tank/

Bemessungsergebnisse in GZG. Knotenverschiebungen in der globalen Y des Tanks

3.9

-2000. 0. ﬁ_ 4000. &000. 8000. 1
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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

Project: DE-2102635-CR-3 tank PS022
BMW Dingolfilg Revision O
Page 16 of 19





Company: MB “Konstrukcijos”

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

0.08
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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 erfiillt die Anforderungen sowohl im GZT als auch im GZG.
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