POS. 24: KINDMANN/KRUGER 2.9.4

verification of cross-section EC 3-1-8 (12.10), NA: Deutschland

1. input report
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steel

steel grade S235

material safety factor

resistance of cross-sections ymo = 1.00

geometry

section HE300A

resistance

plastic verification acc. to EC 3-1-1, 6.2

internal forces and moments refering to local axes of cross-section

c-generating forces (N, M) work at centroid, t-generating forces (V, Tt) work at shear center

Lk NEd My, Ed Vz,Ed Mz,Ed Vy.Ed
kN KNm kN KNm kN

1 1000.00 220.00 100.00 0.00 0.00 a)

2 -1000.00 220.00 100.00 0.00 0.00 b)

3 370.00 220.00 300.00 0.00 0.00 c)

4 370.00 0.00 0.00 150.00 500.00 d)

5 370.00 230.00 200.00 70.00 500.00 e)

notes

buckling is not investigated.

2. Lk 1: a)

2.1. verification of cross-section

internal forces and moments: N = 1000.00 kN, My =220.00 kNm, Vz=100.00 kN

2.1.1. plastic verification

plastic verification for N = 1000.00 kN, My = 220.00 kNm, Vz = 100.00 kN

plate buckling: section class of the section 1 <2 ok

shear buckling: hp/tp = 30.82 < 72:¢/n = 680.00 ok

plastic values: Npi,Rd = A-fy/ymo = 2644.40 kN, Mpl,y,rd = Wpl,y-fylymo = 325.04 kNm
Vpl,z,Rd = Avz-fy/(312.ym0) = 505.78 kN

shear force

reduction factors;

web: 0.5:Vpl,zRd = 252.89 KN > [VzEdl = 100.00 kN: pz=0 (no deduction)
IVyedl =0: py =0 (no deduction)

bending and axial force

deduction My: Ne,lim = min(0.25:Npl,Rd, 0.5-Aw-fy/yM0) = 261.67 kN, Aw = hwtw = 2227.00 cm?
Ned > Nejim: Ny = (1-n)/(1-0.5:a) = 0.712 < 1, n = INgdl/Npl,Rd = 0.378, a = (A-Af)/A=0.254<0.5
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Af = 2.bptf = 84.00 cm2, A = 112,53 cm? = Mpi,Ny,Rd = Mpl,y,Rd-IN,y = 231.47 kNm

bending
verification: IMy,Edl/MpI,N,y,Rd = 0.950 < 1 ok
3. Lk 2: b)

3.1. verification of cross-section

internal forces and moments: N = -1000.00 kN, My =220.00 kNm, Vz=100.00 kN

3.1.1. plastic verification

plastic verification for N =-1000.00 kN, My = 220.00 kNm, Vz = 100.00 kN

plate buckling: section class of the section 1 <2 ok

shear buckling: hp/tp = 30.82 < 72:¢/n = 680.00 ok

plastic values: Npl,Rd = A-fy/ymo = 2644.40 kN, Mpl,y,Rd = Wpl,y-fy/ymo = 325.04 kNm
Vpl,z,Rd = Avz-fy/(312.ym0) = 505.78 kN

shear force

reduction factors;

web: 0.5:Vpl,z,Rd = 252.89 KN > |VzEdl = 100.00 kN: pz=0 (no deduction)
IVy,Edl =0: py=0 (no deduction)

bending and axial force

deduction My: Ng,lim = min(0.25-NpI,Rd, 0.5-Aw-fy/ym0) = 261.67 kKN, Aw = hwiw = 2227.00 cm?
Ned > Nclim: fny = (1-n)/(1-0.5-a) = 0.712 < 1, n = INEdl/NpI,,Rd = 0.378, a = (A-Af)/A=0254<05
Af=2-brtt=84.00 cm?2, A=112.583cm?2 = MplN,y,Rd = Mpl,y,Rd-fN,y = 231.47 kNm

bending
verification: IMy,Edl/MpI,N,y,Rd = 0.950 < 1 ok

4. Lk 3: ¢)

4 1. verification of cross-section

internal forces and moments: N = 370.00 kN, My =220.00 kNm, Vz=300.00 kN

4.1.1. plastic verification

plastic verification for N =370.00 kN, My = 220.00 kNm, Vz = 300.00 kN

plate buckling: section class of the section 1 <2 ok

shear buckling: hp/tp = 30.82 < 72:¢/n = 60.00 ok

plastic values: Npl,Rd = A-fy/ymo = 2644.40 kN, Mpl,y,Rd = Wpl,y-fyfymo = 325.04 KNm
Vpl,z,Rd = Avz-fy/(312ym0) = 505.78 kN

shear force

reduction factors:

web: 0.5:Vpl,z,Rd = 252.89 kN < IVzedl = 300.00 kN: pz = (2:|VzEdl/Vpl,z,Rd - 1)2=0.035
IVyedl =0: py =0 (no deduction)

axial force and shear forceftorsion
web: AAw = pzAw =0.99 cm?, Aw =28.53 cm?
= Npl,V,Rd = Ared-fy/ymo = 2621.14 kN, Ared = A - AAw = 111.54 cm?

bending and shear force/torsion
web: Wv,y = Wply - pzWplw = 1375.39 cm3, Wplw = Wpl,y-Wopl,yi = 223.96 cm3, Wply,f = 2:-brtrzf = 1159.20 cm?
= Mplv,y.Rd = Wy, yfyfymo = 323.22 kKNm

bending and axial force

deduction My: Ng,lim = min(0.25-NpI,v,Rd, 0.5-Aw-fy/ymo) = 252.59 kN, Aw = hwtw-(1-pz) = 2149.71 cm?2
NEd > Nc/lim: fny = (1-n)/(1-0.5-a) = 0.980 < 1, n = INEdl/Npl,v,,Rd = 0.141, a = (Ared-Af)/Ared =0.247 <05
Af = 2-brts = 84.00 cm?, Ared = 111.54 cm? = Mpl,v,N,y,Rd = Mpl,y,RdfN,y = 316.68 kNm

bending
verification: IMy,edl/Mplv,N,y,Rd = 0895 < 1 ok
5. Lk 4: d)

5.1. verification of cross-section

internal forces and moments: N = 370.00 kN, Mz = 150.00 kNm, Vy =500.00 kN
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5.1.1. plastic verification

plastic verification for N = 370.00 kN, Mz = 150.00 kNm, Vy = 500.00 kN

plate buckling: section class of the section 1 <2 ok

shear buckling: hp/tp = 30.82 < 72:¢/n = 60.00 ok

plastic values: Npl,Rd = A-fy/ymo = 2644 .40 kN, Mpl,z,Rd = Wpl,z-fy/ymo = 150.60 KNm
Vply,Rd = Avy-fy/(812-9m0) = 1020.97 kN

shear force

reduction factors:

IVzEdl =0: pz=0 (no deduction)

flanges: 0.5-Vpl,y,Rd = 510.49 kN > [VyEdl =500.00 kN: py =0 (no deduction)

bending and axial force
deduction Mz: Ng,lim = Aw-fy/ymo) = 523.35 kN, Aw = hwtw =2227.00 cm?
NEd £ Nejimorn<a; fNz=1 = Mpl,z,Rd = Mpl,z,RdfN,z = 150.60 kNm

bending
verification: IMz,Edl/Mpl,zRd =0.996 < 1 ok
6. Lk 5: €)

6.1. verification of cross-section

internal forces and moments: N = 370.00 kN, My =230.00 kNm, Vz=200.00 kN, Mz=70.00 kNm, Vy=500.00 kN

6.1.1. plastic verification
plastic verification for N =370.00 kN, My = 230.00 kNm, Vz = 200.00 kN, Mz = 70.00 kNm
Vy = 500.00 kN
plate buckling: section class of the section 1 <2 ok
shear buckling: hp/tp = 30.82 < 72:¢/n = 60.00 ok
plastic values: Npl,Rd = A-fy/ymo = 2644.40 kN, Mpl,y,Rd = Wpl,y-fyfymo = 325.04 KNm
Vpl,z,Rd = Avz-fy/(812-ymo) = 505.78 kN, Mpl,z,Rd = Wpl,zfy/ymo = 150.60 kKNm, Vpl,y,Rd = Avy-fy/(31/2-ym0) = 1020.97 kN

shear force

reduction factors:

web: 0.5:Vpl,zRd = 252.89 kN > [VzEdl =200.00 kN: pz=0 (no deduction)
flanges: 0.5-Vpl,y,Rd = 510.49 kN > [Vyedl =500.00 kN: py =0 (no deduction)

bending and axial force

deduction My: Ng,lim = min(0.25-NpI,Rd, 0.5-Aw-fy/ym0) = 261.67 kN, Aw = hwtw = 2227.00 cm?
Ned > Nc/lim: fnyy = (1-n)/(1-0.5-2) = 0.985 < 1, n = INEdlI/Npl,,rd = 0.140, a = (A-A)/A=0.254<0.5
Af=2-brtt=84.00 cm?2, A=112.583cm? = MplN,y,Rd = MplLy,Rd-fN,y = 320.15 kNm

deduction Mz: Ng,lim = Aw-fy/ymo) = 523.35 kN, Aw = hwtw =2227.00 cm?

NEd £ Nejimorn<a; fNz=1 = Mpl,z,Rd = Mpl,z,RdfN,z = 150.60 kNm

bending

verification: (IMy,edl/Mpl,N,y,Rd)* + (IMz,Edl/Mpl,z,Rd)? = 0.516 + 0.465=0.981 < 1 ok
witha=2.00, B=1.00=5n2=21

utilization: U =0.98112=0.990

7. final result

maximum utilization [Lk 4]: resistance max U=0.996 < 1 ok

verification succeeded

m 4H-EC3QN / pcae-GmbH / KopernikusstraBe 4A / 30167 Hannover / Tel: (0511) 700830 / Fax: (0511) 7008399 / pcae/0000002



