POS. 2: WAGENKNECHT BD.3 4.6.5

frame corner EC 3-1-8 (04.25), NA: Deutschland
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reinforcement of the section with transverse stiffeners (web stiffeners, dst = 435.7 mm):

thickness tst = 15.0 mm, width bst = 85.7 mm, length Ist =373.0 mm

recess at stiffeners cst = 31.5 mm

welds astf = 7.0 mm, ast,w = 4.0 mm
cap plate tk = 15.0 mm (has no effect)

bolts
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bolt class 10.9, bolt size M24, normal wrench size
shear plane passes through the unthreaded portion of the bolt
packing (flange reinforcement): thickness top = 15.0 mm, width bbp = 80.0 mm, length lep = 80.0 mm
beam parameters
section IPE450
slope angle of section about the horizontal axis ab = 5.00° = section depth at the joint loc. hb = h/cos(ab) =451.7 mm
verification parameters
bolted end-plate connection
thickness tp = 20.0 mm, width bp = 190.0 mm, length lp =491.7 mm
projections hp,o = 20.0 mm, hp,u =20.0 mm
bolts in connection:
3 bolt-rows with 2 bolts
of these 2 bolt-rows top in tension (rows 1-2)
and 1 bolt-row for shear transfer top (row 3)
of these 1 bolt-row below in tension (row 3)
and 2 bolt-rows for shear transfer below (rows 2-3)
centre distance of the bolts to the lateral edge of the end-plate e2 = 45.0 mm
centre distance of the first bolt-row to the upper edge of the end-plate (end row) eo = 84.7 mm
centre distance of the last bolt-row to the bottom edge of the end-plate (end row) ey = 77.0 mm
centre distance of the first bolt-row to the free edge of the column (end row) e1’ = 84.7 mm
centre distance of the bolt-rows from each other p1-2 =60.0 mm, p2-3=270.0 mm
welds at the connection point:
beam flange top: fillet weld, weld thickness a = 7.0 mm, angle ¢ = 85°
beam web: fillet weld, weld thickness a = 4.0 mm
beam flange below: fillet weld, weld thickness a = 7.0 mm, angle ¢ = 95°
internal forces and moments at the joint periphery refering to the system axes
Lc1: NbEd=57.30 kN Mp,Ed =250.00 kKNm Vp,Ed = 77.00 kN

partial safety factors for material Vb2
resistance of cross-sections ymo = 1.00 Nb?‘é‘l V. | y l}‘ o1
resistance of members in stability failure ym1 =1.10 Moz a,, Mp1
resistance of bolts, welds, plates in bearing ymz = 1.25 \NT/MCI

e

prestressing of high strength bolts ym7 = 1.10

notes

no verification for cross-sections.

local resistance of weld is not respected.

no verification of web stiffeners.

plated structures- and shear buckling is not investigated.
the cap plate has no effect.

local shear resistance of end plate is not respected.

check of data

ok
distances between bolts at end-plate
horizontal: e2=45.0mm > 1.2:do=31.2 mm, e2=450mm <4t + 40 mm =94.0 mm

horizontal: p2=100.0 mm >2.4.do =624 mm, pz2=100.0 mm < min(14t, 200 mm) =189.0 mm
top-below: e1=84.7mm>1.2:do=31.2 mm, e1=84.7 mm <4t +40 mm=94.0 mm

top-below: e1=84.7mm>1.2:do=31.2 mm, e1=84.7 mm <4t +40 mm=94.0 mm

top-below: p1=60.0mm >2.2:do =57.2 mm, p1 =60.0 mm < min(14t, 200 mm) = 189.0 mm
top-below: p1=2700mm=>22do=57.2mm, p1=270.0 mm > min(14t, 200 mm) =189.0 mm !!
top-below: e1=77.0mm > 1.2:.do=31.2 mm, e1=77.0mm < 4t + 40 mm =94.0 mm

bolt distance from column edge

horizontal: e2=40.0mm > 1.2:do=31.2 mm, e2=40.0 mm <4t + 40 mm =94.0 mm
maximum values for spacings and edge distances should be in order to avoid local buckling and to prevent corrosion.

2. Lc1
2.1. design values
periphery connection-sided 1 to connection plane partial internal forces
and moments
Np,t
Bl p
Vewl i — Nt
o lvh w ~
,::;:/uv
l_\ic.w ‘ =
| #Rbe. Noe
slope angle: ob = av = o = 5.00°
distances: e1=200.0mm, e3=2185mm, e2=201.0 mm, es =435.7 mm

internal forces and moments perpendicular to the connection planes
periphery beam
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Nd =50.37 kN, Md =250.00 kNm, Vd=81.70 kN
periphery column (below, calculated)
Ne =81.70 kN, Mc=255.33 kNm, Vc=50.37 kN

partial internal forces and moments

internal forces and moments in the periphery end-plate-beam: M’'q = Md + Na-tptan(a) - Vatp = 248.45 kNm
Nb,t = (-Nd-Zbu/zb + M'd/zb) / cos(ab) = 545.35 kN, zb =437.1 mm, zbu =218.5 mm

Nb,c = (Nd'Zbo/Zb + M'd/zb) / cos(ab) = 595.92 kN, zb =437.1 mm, Zbo =218.5 mm

Vb,t = -Np,t-sin(ab) = -47.53 kN, Vb,c = Nb,c-sin(ab) =51.94 kN, Vbw =Vd - Vbt - Vb,c = 77.29 kN

2.2. basic components

2.2.1. bc 1: Column web panel in shear

transformation parameter (EC 3-1-8, 7.2.3(4)) Bj=1.00 <2 for Mj1 = 250.00 kNm (Mj2 = 0)

L] Only the essential sizes are sketched to scale.
=5

= 4 The connection geometry is only hinted.
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slenderness of column web hwe/twe =43.37 < 72:¢/n =60.00 = method applicable

plastic shear resistance without web stiffeners Vwp,Rd = (0.9-fy,w-Awp) / (31/2-ym0) = 420.06 kN
proportion of column flange:

additional resistance Vwp,add,Rd = 4-Mpl,fc,Rd/Zwp = 20.3 kN, zwp = hr =379.7 mm

plastic shear resistance plus proportion of column flange Vwp,Rd = 440.4 kN

placing of intermediate web stiffeners:

additional resistance Vwp,add,Rd = 4-Mpl,fc,Rd/hr+2:Mpl,st,Rd)/hr = 20.30 kN

plastic shear resistance with transverse stiffeners Vwp,Rd = 460.66 kN

2.2.2. bc 2: column web in transverse compression

transformation parameter (EC 3-1-8, 7.2.3(4)) Bj=1.00 <2 for Mj1 = 250.00 kNm (Mj2 = 0)
longitudinal compressive stress in column web ceom,Ed = 192.39 N/mm2

| Only the essential sizes are sketched to scale.
| The connection geometry is only hinted.

331 Jis°

effective width of web in transverse compression beff,c = ttb + 2:212-ap + 5-(tic+sc) + sp = 237.1 mm
reduction factor kw = 1.7-6com,Ed/fy,w = 0.881
plate slenderness ip = 0.932:[(beff,c-dw-fy) / (Etw?)]72 = 1.016
reduction factor for web buckling p = (,p-0.22) / 2p2 = 0.771 for ip > 0.673
reduction factor for interaction with shear stressp=1 = ® =0.829
resistance of an unstiffened web in transverse compression:

Few,Rd = @ - (kwbeff,ctw-fyw) / ymo = 349.88 kN

Few,Rd = @ « (kw'pbeff,ctw fy,w) / ym1 = 245.35 kN (decisive)
reinforcement of web with intermediate transverse stiffeners:
assumption: stiffeners do not buckle: section class 1, sectionclass 1 <3 ok
minimum demands of the moment of inertia of stiffeners:

length of buckling field (distance of stiffeners) a = 418.2 mm

web height between the flanges hwe = 373.0 mm

moment of inertia of stiffeners lst = 729.00 cm*

minimum moment of inertia for a/hwe = 1.12 < 212; |st,min = 28.31 cm* < lst ok
requirement concerning stiffeners to aviod lateral torsional buckling:

torsional moment of inertia of stiffeners It = 9.64 cm*

polar moment of inertia of stiffeners Ip = 81.09 cm?
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IT/lp~0.119 > 0.008 = 5.3-y,st/Est 0ok
resistance of the stiffened webs with transverse compression:

area of stiffeners incl. web Ast = 27.00 cm?

slenderness % = 0.076

. <0.2 = no deduction (3 =1.0)

design value of resistance of flexural buckling Fe,w,rd = 576.8 kN
maximum resistance:

FewRd = 5768.8 KN (resistance with transverse stiffeners)

resistance of the upper beam flange:
effective width of web in transverse compression beff,c = tib + 2:212-ap + 5:(tfc+sc) + sp = 237.1 mm
reduction factor kw = 1.7-ccom,ed/fy,w = 0.881
plate slenderness ip = 0.932[(beff,c:dw-fy) / (E-tw2)]12 = 1.016
reduction factor for web buckling p = (1p-0.22) / %p2 = 0.771 for ip > 0.673
reduction factor for interaction with shear stressp=1 = »=0.829
resistance of an unstiffened web in transverse compression:

Few,Rd = ® - (Kwbeff,ctw-fy,w) / ymo = 349.88 kN

Few,Rd = @ - (kwpbeff,ctw fy,w) / ym1 = 245.35 kN (decisive)
reinforcement of web with intermediate transverse stifieners:
assumption: stiffeners do not buckle: section class 1, sectionclass 1 <3 ok
minimum demands of the moment of inertia of stiffeners:

length of buckling field (distance of stiffeners) a =418.2 mm

web height between the flanges hwe = 373.0 mm

moment of inertia of stiffeners lst = 729.00 cm#

minimum moment of inertia for a’lhwe = 1.12 < 212; |at,min = 28.31 cm? < lst ok
requirement concerning stiffeners to aviod lateral torsional buckling:

torsional moment of inertia of stiffeners It = 9.64 cm#

polar moment of inertia of stiffeners Ip = 81.09 cm#?

It/ lp~0.119 > 0.006 = 5.3-fy,st/Est 0k
resistance of the stiffened webs with transverse compression:

area of stiffeners incl. web Ast = 27.00 cm?

slenderness % = 0.076

% £0.2 = no deduction (y =1.0)

design value of resistance of flexural buckling Fe,w,rRd = 576.8 kN
maximum resistance:

Fcw,Rd = 576.8 kN (resistance with transverse stiffeners)

2.2.3. bc 4: column flange in bending

Only the essential sizes are sketched to scale.
The connection geometry is only hinted.
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equivalent T-stub flange (each individual bolt-row):
here: number of bolt-rows np = 1

row 1
effective length of the T-stub flange (column flange):
in mode 1: Zleff,1 = leff,1 = min(leff,nc, leff,cp) = 170.3 mm, leff,cp = 181.6 mm
in mode 2: Zleff,2 = leff,2 = leff,nc = 170.3 mm
tension resistance of the T-stub flange:
in mode 1+2: Mpi,Rd = (0.25 Zlefr-ti2-fy) / ymo = 1.82 kNm
flange reinforcement: Mbp,Rd = (0.25-Zleff, 1tbp2-fy) / yM0 = 2.25 KNm
Ft,Rd = (ka-fub-As) / ym2 = 253.80 kN, k2 =0.90
in mode 3: ZFt,Rd = 2:nb-Ft,Rd = 507.60 kN
Lb=71.2mm<178.7 mm = Lb" = prying forces may develop !
mode 1: complete yielding of the T-stub flange
FT,2,Rd = ((8:n-2-ew)-Mpl,1,Rd+4-N-Mbp,Rd) / (2:m-n-ew:(M+n)) = 591.56 kN
mode 2: bolt failure simultaneously with yielding of the T-stub flange
FT,2,Rd = (2-Mpl,2,Rd + N-ZFt,Rd) / (M+n) = 338.08 kN
mode 3: bolt failure
FT,3,Rd = ZFt,Rd = 507.60 kN
tension resistance of the T-stub flange: F1,Rd = min(FT,1,Rd, FT,2,Rd, FT,3,Rd) = 338.08 kN
row 2
effective length of the T-stub flange (column flange):
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in mode 1: Zleff,1 = leff,1 = min(leff,nc, leff,cp) = 165.6 mm, leff,cp = 181.6 mm
in mode 2: Zleff,2 = leff,2 = leff,nc = 165.6 mm
tension resistance of the T-stub flange:
in mode 1+2: Mpi,Rd = (0.25 Zlefrti2-fy) / ymo = 1.77 kNm
flange reinforcement: Mbp,Rd = (0.25-Zleff, 1tbp2-fy) / yM0 = 2.19 KNm
Ft,Rd = (ka-fub-As) / ym2 = 253.80 kN, k2 =0.90
in mode 3: ZFt,Rd = 2:nb-Ft,Rd = 507.60 kN
Lb=71.2mm <183.8 mm = Lb" = prying forces may develop !
mode 1: complete yielding of the T-stub flange
FT,2,Rd = ((8:n-2-ew)-Mpl,1,Rd+4-N-Mbp,Rd) / (2:m-n-ew:(M+n)) = 575.29 kN
mode 2: bolt failure simultaneously with yielding of the T-stub flange
FT,2,Rd = (2-Mpl,2,Rd + N-ZFt,Rd) / (M+n) = 336.54 kN
mode 3: bolt failure
FT,3,Rd = ZFt,Rd = 507.60 kN
tension resistance of the T-stub flange: F1,Rd = min(FT,1,Rd, FT,2,Rd, FT,3,Rd) = 336.54 kN
resistances and effective lengths of column flange in bending (per bolt-row)
Ft,fc,Rd,1 = 338.08 kKN, leff,1 = 170.3 mm
Ft,fc,Rd,2 = 336.54 kN, leff,2 = 165.6 mm

equivalent T-stub flange (group of bolt-rows):
here: number of bolt-rows nb = 2 (between stiffeners)

effective length of the T-stub flange (column flange):
in mode 1: Zleff,1 = min(Zleff,nc, Zleff,cp) = 230.3 mm, Zleft,cp = 301.6 mm
in mode 2: Zleff,2 = Zleff,nc = 230.3 mm

tension resistance of the T-stub flange:
in mode 1+2: Mpi,Rd = (0.25 Zlefr-ti2-fy) / ymo = 2.47 kKNm
flange reinforcement: Mbp,Rd = (0.25-Zleff, 1tbp2-fy) / yM0 = 3.04 kKNm
Ft,Rd = (ka-fub-As) / ym2 = 253.80 kN, k2 =0.90
in mode 3: XFtRd = 2:nb-Ft,Rd = 1015.20 kN
Lb =712 mm <2643 mm = Lb" = prying forces may develop !
mode 1: complete yielding of the T-stub flange
FT,2,Rd = ((8:n-2-ew)-Mpl,1,Rd+4-N-Mbp,Rd) / (2:m-n-ew:(m+n)) = 800.00 kN
mode 2: bolt failure simultaneously with yielding of the T-stub flange
FT,2,Rd = (2-Mpl,2,Rd + N-ZFt,Rd) / (M+n) = 639.84 kN
mode 3: bolt failure
F1,3,Rd = ZFt,rd = 1015.20 kN
tension resistance of the T-stub flange: F1,Rd = min(FT,1,Rd, FT,2,Rd, FT,3,Rd) = 639.84 kN
effective length: Zletf = 230.3 mm, 2 rows

2.2.4. bc 3: column web in transverse tension

transformation parameter (EC 3-1-8, 7.2.3(4)) Bj=1.00 <2 for Mj1 = 250.00 kNm (Mj2 = 0)

Only the essential sizes are sketched to scale.
The connection geometry is only hinted.
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each individual bolt-row:
row 1
reduction factor for interaction with shear stress =1 = © =0.900
resistance of an unstiffened column web in transverse tension
Ftwe,Rd =0 - (beff,t,wc'twcfy,wc) / YMO = 309.60 kN, Dbeft,t,we = 170.3 mm
row 2
reduction factor for interaction with shear stress =1 = o =0.904
resistance of an unstiffened column web in transverse tension
Ftwe,Rd = ® - (beff,t,wetwefy,we) / ymo = 302.65 kN, beft,t,wec = 165.6 mm
resistance of a column web with transverse tension (per bolt-row)
Ftwe,Rd, 1 = 309.60 kN, beff,twe =170.3 mm (s. bc 4)
Ftwe,Rd,2 = 302.65 kN, beff,twe = 165.6 mm (s. bc 4)
each group of bolt-rows:
reduction factor for interaction with shear stress p=1 = © =0.836
resistance of an unstiffened column web in transverse tension
Ftwe,Rd = @ * (beff,t,wetwe fy,we) / yMo = 389.07 kN, beft,t,we = 230.3 mm
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2.2.5. bc 5: end-plate in bending

Only the essential sizes are sketched to scale.
The connection geometry is only hinted.
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part of end-plate between beam flanges

equivalent T-stub flange (each individual bolt-row):
here: number of bolt-rows np = 1

row 1
effective length of the T-stub flange (end-plate):
in mode 1: Zleff,1 = leff,1 = min(leff,nc, leff,cp) = 236.6 mMm, leff,cp = 256.2 mm
in mode 2: Zleff,2 = leff,2 = leff,nc = 236.6 mm
tension resistance of the T-stub flange:
in mode 1+2: Mpi,Rd = (0.25 Zlefr-t2-fy) / ymo = 5.56 kNm
Ft,Rd = (ka-fub-As) / ym2 = 253.80 kN, k2 =0.90
in mode 3: ZFt,Rd = 2:nb-Ft,Rd = 507.60 kN
Lb =712 mm <111.1 mm = Lb" = prying forces may develop !
mode 1: complete yielding of the T-stub flange
FT,1,Rd = ((8:n-2-ew)-Mpl,1,Rd) / (2:m-n-ew-(m+n)) = 698.20 kN
mode 2: bolt failure simultaneously with yielding of the T-stub flange
FT,2,Rd = (2-Mpl,2,Rd + N-ZFt,Rd) / (M+n) = 389.06 kN
mode 3: bolt failure
FT,3,Rd = ZFt,Rd = 507.60 kN
tension resistance of the T-stub flange: F1,Rd = min(FT,1,Rd, FT,2,Rd, FT,3,Rd) = 389.06 kN
resistance of a fillet weld (req.1): fiw,d = fu / (Pwym2) = 360.0 N/mm2
tension resistance of welds: FT,w,Rd = 212-f1w,d-a-leff = 481.90 kN (> 389.06 kN, not decisive)
row 2
effective length of the T-stub flange (end-plate):
in mode 1: Zleff,1 = leff,1 = min(leff,nc, leff,cp) = 219.3 mm, leff,cp = 256.2 mm
in mode 2: Zleff,2 = leff,2 = leff,nc =219.3 mm
tension resistance of the T-stub flange:
in mode 1+2: Mpi,Rd = (0.25 Zlefr-ti2-fy) / ymo = 5.15 kNm
Ft,Rd = (ka-fub-As) / ym2 = 253.80 kN, k2 =0.90
in mode 3: ZFt,Rd = 2:nb-Ft,Rd = 507.60 kN
Lb =712 mm <119.8 mm =Lb" = prying forces may develop !
mode 1: complete yielding of the T-stub flange
FT,1,Rd = ((8:n-2-ew)-Mpl,1,Rd) / (2:m-n-ew-(m+n)) = 847.20 kN
mode 2: bolt failure simultaneously with yielding of the T-stub flange
FT,2,Rd = (2-Mpl,2,Rd + N-ZFt,Rd) / (M+n) = 379.00 kN
mode 3: bolt failure
FT,3,Rd = ZFt,Rd = 507.60 kN
tension resistance of the T-stub flange: F1,Rd = min(FT,1,Rd, FT,2,Rd, FT,3,Rd) = 379.00 kN
resistance of a fillet weld (req.1): fiw,d = fu / (Pwym2) = 360.0 N/mm2
tension resistance of welds: FT,w,Rd = 212-f1w,d-a-leff = 446.70 kN (> 379.00 kN, not decisive)
resistances and effective lengths of end-plate in bending (per bolt-row):
Fep,Rd,1 = 389.06 kN, leff,1 = 236.6 mm
Fep,Rd,2 = 379.00 kN, leff,2 =219.3 mm

equivalent T-stub flange (group of bolt-rows):
here: number of bolt-rows np = 2 (R1+R2)

effective length of the T-stub flange (end-plate):
in mode 1: Zleff,1 = min(Zleff,nc, Zleff,cp) =217.0 mm, Zleft,cp = 308.1 mm
in mode 2: Zleff,2 = Zleff,nc = 217.0 mm
tension resistance of the T-stub flange:
in mode 1+2: Mpi,Rd = (0.25 Zlefr-ti2-fy) / ymo = 5.10 kNm
Ft,Rd = (ka-fub-As) / ym2 = 253.80 kN, k2 =0.90
in mode 3: XFtRd = 2:nb-Ft,Rd = 1015.20 kN
Lb=71.2mm <2423 mm = Lb" = prying forces may develop !
mode 1: complete yielding of the T-stub flange
FT,1,Rd = ((8:n-2-ew)-Mpl,1,Rd) / (2:m-n-ew-(m+n)) = 640.15 kN
mode 2: bolt failure simultaneously with yielding of the T-stub flange
FT,2,Rd = (2-Mpl,2,Rd + N-ZFt,Rd) / (M+n) = 628.97 kN
mode 3: bolt failure
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F1,3,Rd = ZFt,Rd = 1015.20 kN

tension resistance of the T-stub flange: F1,Rd = min(FT,1,Rd, FT,2,Rd, FT,3,Rd) = 628.97 kN
resistance of a fillet weld (req.1): fiw,d = fu/ (Pwym2) = 360.0 N/mm?

tension resistance of welds: FT,w,Rd = 21/2-f1w,d-a-leff = 441.83 kN

total loading capacity of the T-stub flange: FT,Rd = FT,w,Rd = 441.83 kN !!

effective length: Zleff = 217.0 mm, 2 rows

2.2.6. bc 7: beam flange and web in compression

flange below: section class 1

web: section class 1

total: section class 1

section class of the beam: 1

taking into account the moment-shear force-interaction Ved = 77.0 kN

Only the essential sizes are sketched to scale.
e The connection geometry is only hinted.

i
450

o
£

stress due to bending with shear force: VEd =77.0 kN <344.9 kN = 0.5:Vp|,Rd/2 = no effect
resistance Mc,Rd = Mpl,Rd = (Wpi-fy) / yM0 = 399.88 kNm, Wpi = 1701.60 cm3
resistance of flange and web in compression
Fef,Rd = McRd/ (h - 1) =918.41 kN
refering to aspect plane Fcf,Rd'cos(ab) = 914.92 kN

resistance of the upper beam flange:
stress due to bending with shear force: VEd =77.0 kN <344.9 kN = 0.5:Vp|,Rd/2 = no effect
resistance Mc,Rd = Mpl,Rd = (Wpi-fy) / yM0 = 399.88 kNm, Wpi = 1701.60 cm3
resistance of flange and web in compression
Fef,Rd = McRd/ (h - 1) =918.41 kN
refering to aspect plane Fcf,Rd'cos(ab) = 914.92 kN

2.2.7. bc 8: beam web in tension

Only the essential sizes are sketched to scale.
The connection geometry is only hinted.

each individual bolt-row:
row 1
effective width beft,t,wb = 236.6 mm (letf from bc 5)
resistance of a beam web in tension
Ft,wb,Rd = beff,t,wb-twb-fy,wb / Ym0 = 522.72 kN
row 2
effective width beft,t,wb =219.3 mm (letf from bc 5)
resistance of a beam web in tension
Ft,wb,Rd = beff,t,wb-twb-fy,wb / yM0 = 484.54 kN
resistance of a beam web in tension (per bolt-row)
Ftwb,Rd,1 = 522.72 kN, befftwb =236.6 mm (s. bc 5)
Ftwb,Rd,2 = 484.54 kN, befftwb =219.83 mm (s. bc 5)
eine group of bolt-rows decisive:
effective width beft,t,wb =217.0 mm (letf from bc 5)
resistance of a beam web in tension
Ft,wb,Rd = beff,t,wb-twb-fy,wb / yM0 = 479.26 kN
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2.2.8. bc 10: bolts in tension

Only the essential sizes are sketched to scale.
The connection geometry is only hinted.

tension resistance of one bolt Ft,Rd = (k2-fub-As) / ym2 = 253.80 kN, k2 = 0.90
punching shear load capicity of a bolt Bp,Rd = (0.6-n-dmtp-fu)) / ym2 = 276.84 kN, tp = 13.5 mm
tension-/punching shear load capicity for 2 bolts: ZFtp,Rd = 2:min(Ft,Rd, Bp,Rd) = 507.60 kN

2.3. connection capacity

transformation parameter: pj=1.00

2.3.1. moment resistance
distance of tension-bolt-rows from centre of compression: h1 = 379.7 mm, h2=319.7 mm

resistances acc. to EC 3-1-8, B.3.2.2(8) for bolt-rows considered individually
decisive basic components: 3, 4, 5, 8

row 1: Fir,rd = 309.6 kN
row 2: Fir,rd = 302.7 kN

deductions acc. to EC 3-1-8, B.3.2.2(8) for bolt-rows as part of a group (column)

decisive basic components: 3, 4

row 1: Fir,rd = 309.6 kN
row 2: Fir,rd = 79.5 kN

deductions acc. to EC 3-1-8, B.3.2.2(8) for bolt-rows as part of a group (end-plate)

decisive basic components: 5, 8

row 1: Fir,rd = 309.6 kN
row 2: Fir,rd = 79.5 kN

resistance per bolt-row (tension)

row 1: Fir,rd = 309.6 kN

row 2: Fir,rd = 79.5 kN
Ftr,rd" = 389.1 kN

deductions acc. to EC 3-1-8, B.3.2.2(7)

decisive basic components: 1, 2, 7

row 1: Fir,rd = 309.6 kN
row 2: Fir,rd = 79.5 kN

check acc. to EC 3-1-8, B.3.2.2(9)

decisive basic component: 10

row 1: Fir,rd = 309.6 kN
row 2: Fir,rd = 79.5 kN

resistance per bolt-row (bending)
row 1: Fir,rd = 309.6 kN
row 2: Fir,rd = 79.5 kN
ZFtr,rd = 389.1 kN
potential failure by basic component 3

resistance of flanges (compression)
TFe¢Rd = 921.3 kN

moment resistance

M;j,Rd = Z(Ftr,Ra-hr) = 143.0 kNm
tension resistance

Nj,tRd = ZFtr,Rd" = 389.1 kN
compression resistance

Nj,c,Rd = ZF¢,Rd" = 921.3 kN
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2.3.2. shear resistance

shear resistance of column web
decisive basic component: 1

Vwp,Rd = 460.66 kN

2.3.3. total
Mj,Rd = 143.0 kKNm Nj,t,Rd = 389.1 KN Nij,c,Rd = 921.3 kN Vwp,Rd = 460.7 kN

2.4, rotational stiffiness

stiffness coefficients

equivalent stiffness coefficient for 2 tension-bolt-rows:

1: k3 =3.10 mm, ka=15.62 mm, ks =25.13 mm, k10=7.983 mm = keff,1 =1/ Z(1/ki,1) = 1.809 mm
2: k3 =3.01 mm, ka=15.19mm, ks =23.30 mm, k10=7.983 mm = Kkeft,2=1/Z(1/ki2) = 1.764 mm
equivalent internal lever arm zeq = Z(keff,rrhr?) / Z(Keff,r-hr) = 352.64 mm

equivalent stiffness coefficient keq = Z(keft,r-hr) / Zeq = 3.547 mm

k1 =0.38-Avc/ (Bz) =4.60 mm

k2 = o (stiffened)

rotational stiffness

initial rotational stiffness: Sj,ini = (E-z2) / =(1/ki) = 52300.5 kNm/rad, z = Zeq = 352.6 mm, X(1/ki) = 0.499 mm-1
IMj,Edl = 239.08 kKNm > 2/3 Mj,Rd = 95.30 kNm = p = ((1.5:-MjEd) / MjRrd)¥ =11.980, ¥=2.7
rotational stiffness: Sj,Rrd = Sj,ini / 1 = 4365.6 kNm/rad

rotation: ¢j,Ed = Mj,Ed / SjRd = 3.138°

3. Regulations

EN 1990, Eurocode 0: Grundlagen der Tragwerksplanung;
Deutsche Fassung EN 1990:2002 + A1:2005 + A1:2005/AC:2010, Ausgabe Dezember 2010
EN 1990/NA, Nationaler Anhang zur EN 1990, Ausgabe Dezember 2010

EN 1993-1-1, Eurocode 3: Bemessung und Konstruktion von Stahlbauten -
Teil 1-1: Allgemeine Bemessungsregeln und Regeln fir den Hochbau;
Deutsche Fassung EN 1993-1-1:2022, Ausgabe April 2025

EN 1993-1-1/NA, Nationaler Anhang zur EN 1993-1-1, Ausgabe April 2026

EN 1993-1-8, Eurocode 3: Bemessung und Konstruktion von Stahlbauten -
Teil 1-8: Bemessung von Anschlissen; Deutsche Fassung EN 1993-1-8:2024, Ausgabe April 2025
EN 1993-1-8/NA, Nationaler Anhang zur EN 1993-1-8, Ausgabe April 2026

EN 1993-1-5, Eurocode 3: Bemessung und Konstruktion von Stahlbauten - Teil 1-5: Plattenférmige Bauteile;
Deutsche Fassung EN 1993-1-5:2006 + AC:2009 + A1:2017 + A2:2019, Ausgabe Oktober 2019
EN 1993-1-5/NA, Nationaler Anhang zur EN 1993-1-5, Ausgabe Dezember 2010
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