POS. 1: KAHLMEYER 3.6.4.1

Rigid beam connection EC 3-1-8 (04.25), NA: Deutschland 4H-EC3BT version: 10/2019-2w

1. input report
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steel grade S235

column parameters

section HE300B

bolts

bolt class 10.9, bolt size M24

large wrench size (high strength bolt), preloaded (for info: preloading Fp,c* = 0.7-fyb-As = 222.1 kN)
shear plane passes through the unthreaded portion of the bolt
beam parameters

section HE400A

verification parameters

bolted end-plate connection

thickness tp = 25.0 mm, width bp = 300.0 mm, length Ip = 495.0 mm
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projections hp,o = 85.0 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 3 bolt-rows for shear transfer top (rows 1-3)
of these 1 bolt-row below in tension (row 3)
and 1 bolt-row for shear transfer below (row 3)
centre distance of the bolts to the lateral edge of the end-plate e2 = 75.0 mm
centre distance of the first bolt-row to the upper edge of the end-plate (end row) eo = 35.0 mm
centre distance of the last bolt-row to the bottom edge of the end-plate (end row) ey = 90.0 mm
centre distance of the first bolt-row to the free edge of the column (end row) e1’ =200.0 mm
centre distance of the bolt-rows from each other p1-2 =120.0 mm, p2-3 =250.0 mm
welds at the connection point:
beam flange top: fillet weld, weld thickness a = 8.0 mm
beam web: fillet weld, weld thickness a = 3.0 mm
beam flange below: fillet weld, weld thickness a = 8.0 mm

internal forces and moments at the joint periphery refering to the system axes Ne2

Lc 1: Mb,Ed=200.00 kNm Vb,ed=270.00 kN M

partial safety factors for material Ver| ©
resistance of cross-sections ymo = 1.00 Vc1i Vbl}— Nb

resistance of members in stability failure ym1 =1.10 My
resistance of bolts, welds, plates in bearing ymz = 1.25 \T/‘Mm
prestressing of high strength bolts ym7 = 1.10 Net

notes
the following verification is applied to the connection of a girder to a continuous column.
Zur vollstandigen Bemessung eines columnnendes sind ggf. weitere verifications required !
connection is verified due to EC 3-1-8 regardless of preloading.
however, connections may be constructed with prestressed high strength bolts.
no verification for cross-sections.

check of data

ok
distances between bolts at end-plate
horizontal: e2=75.0mm > 1.2:do=31.2 mm, e2=75.0mm <4t +40 mm=116.0 mm

horizontal: p2=150.0 mm >2.4.do=62.4 mm, pz2=150.0 mm < min(14t, 200 mm) =200.0 mm
top-below: e1=35.0mm > 1.2:do=31.2 mm, e1=350mm <4t +40 mm=116.0 mm
top-below: e1=2000mm>1.2do=312mm, e1=200.0mm>4t+40mm=116.0mm !
top-below: p1=1200mm>22.do=572mm, p1=120.0 mm < min(14t, 200 mm) = 200.0 mm
top-below: p1=2500mm=>22do=57.2mm, p1=250.0mm > min(14t, 200 mm) =200.0 mm !!
top-below: e1=90.0 mm > 1.2:do=31.2 mm, e1=90.0 mm <4t + 40 mm=116.0 mm

bolt distance from column edge

horizontal: e2=75.0mm > 1.2:do=31.2 mm, e2=75.0mm <4t +40 mm=116.0 mm
maximum values for spacings and edge distances should be in order to avoid local buckling and to prevent corrosion.

2. table of results

utilization/rotation

Lc Um Uv Uwp Uep U Sj.ini Sj PJ
- --- --- --- - - MNm/rad MNm/rad °
1 1.073  0.263 1.113 0.727| 1.113*| 77.8 21.5 0.533

Um: utilization due to bending; Uy: utilization due to shear/bearing resistance; Uwp: utilization due to shear in column web
Uep: utilization due to shear in end-plate; U: utilization of the connection; Sjini: initial rotational stiffness

Sj: rotational stiffness; ¢j: rotation

*) maximum utilization

3. final result

maximum utilization: maxU=1.113 > 1 not ok !!
minimum rotational stiffness: min Sj=21.5 MNm/rad, S;j,ini=77.8 MNm/rad, ¢j=0.533°

resistance not ensured !!
total loading capacity of the connection may not be guaranteed (s. notes) !
4. 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;

m 4H-EC3BT / pcae-GmbH / KopernikusstraBe 4A / 30167 Hannover / Tel: (0511) 700830 / Fax: (0511) 7008399 / pcae/0000002



Deutsche Fassung EN 1993-1-1:2022, Ausgabe April 2025
EN 1993-1-1/NA, Nationaler appendix zur EN 1993-1-1, Ausgabe Oktober 2022

EN 1993-1-8, Eurocode 3: Bemessung und Konstruktion von Stahlbauten -
Teil 1-8: Bemessung von Anschllssen;
Deutsche Fassung EN 1993-1-8:2024, Ausgabe April 2025
EN 1993-1-8/NA, Nationaler appendix zur EN 1993-1-8, Ausgabe November 2020

5. Lc 1 (decisive)

5.1. design values

periphery connection L zur connection plane partial internal forces and moments
Neal Mcz Nez| Me2
Np,t
n -
ey |VV°2 b h2 \Evﬂ v — Up \ch;\rhf _'-_-_’..[:]btub
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slope angle: ab=a=ov=0°
distance: e1=150.0mm, e3=1855mm, e2=1855mm, es =371.0 mm

internal forces and moments perpendicular to the connection planes
periphery beam
Md = 200.00 kNm, Vg =270.00 kN

partial internal forces and moments

internal forces and moments in the periphery end-plate-beam: M'd = Md - Vd-tp = 193.25 kNm
Nb,t = -Nd-zbu/zb + M’'d/zb = 520.89 kN, zp =371.0 mm, zbu = 185.5 mm

Nb,c = Nd'Zbo/zb + M'd/zb = 520.89 kKN, zb =371.0 mm, zbo = 185.5 mm

Vb,t = -Nb,t:sin(ob) = 0.00 kN, Vb,c = Nb,csin(aw) = 0.00 kN, Vb,w = Vd - Vb,t - Vb,c =270.00 kN

5.2. basic components

5.2.1. bc 1: Column web panel in shear

transformation parameter (EC 3-1-8, 7.2.3(4)) Bj=1.00 <2 for Mj1 =200.00 kNm (Mj2 = 0)
| Only the essential sizes are sketched to scale.

—VWp The connection geometry is only hinted.

1

J

Vwp

208 | |19

slenderness of column web hwe/twe =23.82 < 72:¢/n1 =60.00 = method applicable
plastic shear resistance Vwp,Rd = (0.9-fy,w-Awp) / (312-ym0) = 402.96 kN

Beitrag of column flange:

additional resistance Vwp,add,Rd = 4-Mpl,fc,Rd/Zwp = 82.0 kN, zwp = hr =310.5 mm
plastic shear resistance plus Beitrag of column flange Vwp,Rd = 484.9 kN
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5.2.2. bc 2: column web in transverse compression

transformation parameter (EC 3-1-8, 7.2.3(4)) Bj=1.00 <2 for Mj1 =200.00 kNm (Mj2 = 0)

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

27
208 .;| Hg

effectlve width of web in transverse compression beff,c = tio + 2:21/2-ap + 5-(tic+sc) + Sp = 305.3 mm
reduction factor kw = 1.0 (ccom,Ed = 0)
plate slenderness ip = 0.932[(beff,c:dw-fy) / (Etw?)]1/2 =0.714
reduction factor for web buckling p = (Ap-0.22) / 2p2 = 0.969 for ip > 0.673
reduction factor for interaction with shear stress p=1 = © =0.653
resistance of an unstiffened web in transverse compression:
Few,Rd = ® + (kwbeff,ctw-fyw) / ymo = 515.23 kN
Few,Rd = @ + (kw'pbeff,ctw-fy,w) / ym1 = 453.79 kN (decisive)

resistance of the upper beam flange:
effective width of web in transverse compression beff,c = tfo + 2:2172-ap + 5-(tfc+8c) + Sp = 321.6 mm
reduction factor kw = 1.0 (ccom,Ed = 0)
plate slenderness ip = 0.932:[(beft,c:dw-fy) / (Etw?2)]1/2 = 0.733
reduction factor for web buckling p = (Ap-0.22) / 2p2 = 0.955 for ip > 0.673
reduction factor for interaction with shear stress =1 = © =0.633
resistance of an unstiffened web in transverse compression:
Few,Rd = ® + (kwbeff,ctw-fy,w) / ymo = 526.44 kN
Few,Rd = @ + (kw'pbeff,ctw-fy,w) / ym1 = 456.92 kN (decisive)

5.2.3. bc 4: column flange in bending

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

27| ) j25

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) = 285.4 mm, leff,cp = 301.0 mm
in mode 2: Zleff,2 = leff,2 = leff,nc = 285.4 mm

tension resistance of the T-stub flange:
in mode 1+2: Mpi,Rd = (0.25 Zlefr-t2-fy) / ymo = 6.05 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
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)) = 807.79 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) = 394.31 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) = 394.31 kN

row 2

effective length of the T-stub flange (column flange):
in mode 1: Zleff,1 = leff,1 = min(leff,nc, leff,cp) = 285.4 mm, leff,cp = 301.0 mm
in mode 2: Zleff,2 = leff,2 = leff,nc = 285.4 mm

tension resistance of the T-stub flange:
in mode 1+2: Mpi,Rd = (0.25 Zlefr-t2-fy) / ymo = 6.05 kNm
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Ft,Rd = (ka-fub-As) / ym2 = 253.80 kN, k2 =0.90

in mode 3: ZFt,Rd = 2:nb-Ft,Rd = 507.60 kN

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)) = 807.79 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) = 394.31 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) = 394.31 kN

resistances and effective lengths of column flange in bending (per bolt-row)

Ftfc,Rd,1 = 394.31 kN, lefi,1 = 285.4 mm
Ftfc,Rd,2 = 394.31 kN, lefi,2 = 285.4 mm

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

effective length of the T-stub flange (column flange):
in mode 1: Zleff,1 = min(Zleff,nc, Zleff,cp) = 405.4 mm, Zleft,cp = 541.0 mm
in mode 2: Zleff,2 = Zleff,nc = 405.4 mm
tension resistance of the T-stub flange:
in mode 1+2: Mpi,Rd = (0.25 Zlefr-ti2-fy) / ymo = 8.60 kNm
Ft,Rd = (ka-fub-As) / ym2 = 253.80 kN, k2 =0.90
in mode 3: XFtRd = 2:nb-Ft,Rd = 1015.20 kN
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)) = 863.38 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) = 723.54 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) = 723.54 kN
effective length: Zletf = 405.4 mm, 2 rows

5.2.4. bc 3: column web in transverse tension

transformation parameter (EC 3-1-8, 7.2.3(4)) Bj=1.00 <2 for Mj1 =200.00 kNm (Mj2 = 0)

a8 Only the essential sizes are sketched to scale.
4 The connection geometry is only hinted.
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each individual bolt-row:
row 1
reduction factor for interaction with shear stressp=1 = © =0.678
resistance eines unstiffeneden column webs with transverse tension
Ftwe,Rd = ® - (beff,t,wetwefy,we) / ymo = 500.03 kN, beft,t,we = 285.4 mm
row 2
reduction factor for interaction with shear stressp=1 = © =0.678
resistance eines unstiffeneden column webs with transverse tension
Ftwe,Rd = ® - (beff,t,wetwefy,we) / ymo = 500.03 kN, beft,t,we = 285.4 mm
resistance of a column web with transverse tension (per bolt-row)
Ftwe,Rd, 1 = 500.03 kN, beft,twe = 285.4 mm (s. bc 4)
Ftwe,Rd,2 = 500.03 kN, beft,twe = 285.4 mm (s. bc 4)
each group of bolt-rows:
reduction factor for interaction with shear stress p=1 = o =0.544
resistance eines unstiffeneden column webs with transverse tension
Ftwe,Rd = ® - (befft,wetwefy,we) / ymo = 570.51 kN, beft,t,we = 405.4 mm
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5.2.5. bc 5: end-plate in bending

0 Only the essential sizes are sketched to scale.
M, The connection geometry is only hinted.
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extended part of end-plate

in the extended part of the end-plate only one bolt-row is considered (np = 1).
effective length of the T-stub flange (end-plate):
in mode 1: Zleff,1 = leff,1 = min(leff,nc, leff,cp) = 150.0 mm, leff,cp = 257.3 mm
in mode 2: Zleff,2 = leff,2 = leff,nc = 150.0 mm
tension resistance of the T-stub flange:
in mode 1+2: Mpi,Rd = (0.25 Zlefrti2-fy) / ymo = 5.51 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
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)) = 699.67 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) = 378.96 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) = 378.96 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 = 610.94 kN (> 378.96 kN, not decisive)
resistance and effective length of end-plate in bending (projection)
Ftep,Rd,1 = 378.96 kN, leff,1 = 150.0 mm
part of end-plate between beam flanges

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

row 2

effective length of the T-stub flange (end-plate):
in mode 1: Zleff,1 = leff,1 = min(leff,nc, leff,cp) = 415.4 mm, leff,cp = 415.4 mm
in mode 2: Zleff,2 = leff,2 = leff,nc = 434.0 mm

tension resistance of the T-stub flange:
in mode 1: Mpi,1,Rd = (0.25-Zleff,1-12-fy) / ym0 = 15.25 KNm
in mode 2: Mpi,2,Rd = (0.25-Zleff,212-fy) / ym0 = 15.94 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
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)) = 1053.99 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) = 495.69 kN
mode 3: bolt failure
FT,3,Rd = ZFt,Rd = 507.60 kN
tension resistance of the T-stub flange: F1,Rd = min(FT1,1,Rd, FT,2,Rd, FT,3,Rd) = 495.69 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 = 634.39 kN (> 495.69 kN, not decisive)

resistances and effective lengths of end-plate in bending (per bolt-row):
Fep,Rd,2 = 495.69 kN, leff,2 = 415.4 mm
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5.2.6. 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 = 270.0 kN

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

[ o
| VEd °
1l il
i i
i Y
/e -

stress due to bending with shear force: VeEd =270.0 kN <388.9 kN = 0.5:Vp|,Rd/2 = no effect
resistance Mc,Rd = Mpl,Rd = (Wpl-fy) / ymo = 601.97 kNm, Wyl =2561.57 cm?®
resistance of flange and web in compression
Fcf,Rd = Mc,Rd/ (h - tf) = 1622.56 kN
resistance of welds
compression force N¢,Ed = 1622.6 kN
61,w,Ed = 478.0 N'mm?2 > f1w,d =360.0 N'mm2 = U=1.328 > 1
o2,w,Ed = 239.0 N'mm?2 < fow,d =259.2 N'mm2 = U=0.922 < 1
= Fef,Rd/ max U =1221.88 kN

resistance of the upper beam flange:
stress due to bending with shear force: VeEd =270.0 kN <388.9 kN = 0.5:Vp|,Rd/2 = no effect
resistance Mc,Rd = Mpl,Rd = (Wpl-fy) / ymo = 601.97 kNm, Wyl =2561.57 cm?®
resistance of flange and web in compression
Fcf,Rd = Mc,Rd/ (h - tf) = 1622.56 kN
resistance of welds
compression force N¢,Ed = 1622.6 kN
61,w,Ed = 478.0 N'mm?2 > f1w,d =360.0 N'mm2 = U=1.328 > 1
o2,w,Ed = 239.0 N'mm?2 < fow,d =259.2 N'mm2 = U=0.922 < 1
= Fef,Rd/ max U =1221.88 kN

5.2.7. bc 8: beam web in tension

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

IR Ft LARMNNN

415°

each individual bolt-row:
row 2
effective width beft,t,wb =415.4 mm (letf from bc 5)
resistance of a beam web in tension
Ft,wb,Rd = beff,t,wb-twb-fy,wb / ymo = 1073.69 kN
resistance of a fillet weld (req.1): fiw,d = fu / (Pwym2) = 360.0 N/mm2
tension resistance of welds: Ftw,Rd = 212 f1w,d-a-beff,t = 634.39 kN
total loading capacity of plate: Ftwb,Rd = Ft,w,Rd = 634.39 kN
resistance of a beam web in tension (per bolt-row)
Ft,wb,Rd,2 = 634.39 kN, befftwb =415.4 mm (s. bc 5)
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5.2.8. bc 10: bolts in tension

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

Ft

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 = 444 .55 kN, tp = 19.0 mm
tension-/punching shear load capicity for 2 bolts: ZFtp,Rd = 2:min(Ft,Rd, Bp,Rd) = 507.60 kN

5.2.9. bc 11: bolts in shear

Only the essential sizes are sketched to scale.
M24 The connection geometry is only hinted.

Fv L, >

shear resistance Fy,Rd = owv-fub-A/ ym2 =217.15 kN, av =0.60
shear resistance of 2 bolts (1-shear): ZFy,Rd = 2-Fv,Rd = 434.29 kN

5.2.10. bc 12: plate with bearing resistance

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

u
/2 ) 1
Pl 2 By o
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Fb/2,
O :
I~

120
row 1
end-plate:

bolt 1: bearing resistance Fo,Rd = (km-ab-fu-d-t) / ym2 = 232.62 kN, km=1.00, ab=1.35
bolt 2: bearing resistance Fo,Rd = (km-ob-fu-d-t) / ym2 = 232.62 kN, km=1.00, ab=1.35
bearing resistance of 1x2 bolts: ZFb,Rd = 465.23 kN

shear block of groups of bolts
shearversagen in Kombination in tensionversagen of plate

failure type 1:

tension-shear resistance Veft,rd = (Ant-fu + min(Agv-fy, Anv-fu)/3172) / ym2 = 984.25 kN
failure type 2:

tension-shear resistance Veft,rd = (Ant-fu + min(Agv-fy, Anv-fu)/3172) / ym2 = 984.25 kN
failure type 3:

tension-shear resistance Veft,Rd = (0.5-Ant-fu + min(Agv-fy, Anv-fu)/31/2) / ym2 = 714.25 kN
failure type 4:

tension resistance (without shearanteil) Vetf,Rd = (Ant-fu) / ym2 = 1785.60 kN

resistance due to shear block: min Vef,Rd = 714.3 kN

total

bearing resistance incl. shear block: min(ZFb,Rd, min Veft,Rd) = 465.2 kN

column flange:

bolt 1: bearing resistance Fo,Rd = (km-ob-fu-d-t) / ym2 = 393.98 kN, km =1.00, ab =3.00
bolt 2: bearing resistance Fo,Rd = (km-ob-fu-d-t) / ym2 = 393.98 kN, km =1.00, ab =3.00
bearing resistance of 1x2 bolts: ZFb,Rd = 787.97 kN
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row 2
end-plate:
bolt 1: bearing resistance Fo,Rd = (km-ob-fu-d-t) / ym2 = 518.40 kN, km =1.00, ab =3.00
bolt 2: bearing resistance Fo,Rd = (km-ob-fu-d-t) / ym2 = 518.40 kN, km =1.00, ab =3.00
bearing resistance of 1x2 bolts: ZFp,Rrd = 1036.80 kN
column flange:
bolt 1: bearing resistance Fo,Rd = (km-ob-fu-d-t) / ym2 = 393.98 kN, km =1.00, ab =3.00
bolt 2: bearing resistance Fo,Rd = (km-ob-fu-d-t) / ym2 = 393.98 kN, km =1.00, ab =3.00
bearing resistance of 1x2 bolts: ZFb,Rd = 787.97 kN

row 3
end-plate:
bolt 1: bearing resistance Fo,Rd = (km-ob-fu-d-t) / ym2 = 518.40 kN, km =1.00, ab =3.00
bolt 2: bearing resistance Fo,Rd = (km-ob-fu-d-t) / ym2 = 518.40 kN, km =1.00, ab =3.00
bearing resistance of 1x2 bolts: ZFp,Rrd = 1036.80 kN
column flange:
bolt 1: bearing resistance Fo,Rd = (km-ob-fu-d-t) / ym2 = 393.98 kN, km =1.00, ab =3.00
bolt 2: bearing resistance Fo,Rd = (km-ob-fu-d-t) / ym2 = 393.98 kN, km =1.00, ab =3.00
bearing resistance of 1x2 bolts: ZFb,Rd = 787.97 kN

bearing resistance (3 rows)
EFb,Rd,1 = 465.23 kN
2Fb,Rd,2 = 787 .97 kN
2Fb,Rd,3 = 787.97 kN

5.3. connection capacity

transformation parameter: pj=1.00

5.3.1. moment resistance
distance of tension-bolt-rows from centre of compression: h1 =430.5 mm, h2=310.5mm

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 = 379.0 kN
row 2: Fir,Rd = 394.3 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 = 379.0 kN
row 2: Fir,Rd = 191.5 kN

resistance per bolt-row (tension)

row 1: Fir,rd = 379.0 kN

row 2: Fir,Rd = 191.5 kN
Ftr,rd" = 570.5 kN

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

decisive basic components: 1, 2, 7

row 1: Fir,rd = 379.0 kN
row 2: FirRd = 74.8 kN

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

decisive basic component: 10

row 1: Fir,rd = 379.0 kN

resistance per bolt-row (bending)
row 1: Fir,rd = 379.0 kN
row 2: FirRd = 74.8 kN
EZFtr,Rd = 453.8 kN
potential failure by basic component 2, 3, 4, 5

resistance of flanges (compression)
Fc,Rrd" =907.6 kN

moment resistance

Mj Rd = Z(Ftr,Rd-hr) = 186.4 kKNm
tension resistance

Nijt,Rd = ZFtr,rd" = 570.5 kN
compression resistance

Nj,c,Rd = ZF¢,Rd" = 907.6 kN
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5.3.2. shear/bearing resistance

resistance per bolt-row
decisive basic components: 11, 12

row 1: Fvr,Rd = 434.3 kN
row 2: Fvr,Rd = 434.3 kN
row 3: Fvr,Rd = 434.3 kN

deductions depending on tension force (at full utilization of moment resistance)
decisive basic component: 10

row 1: Fvr,rd = 202.7 kN
row 2: Fvr,Rd = 388.6 kN
row 3: Fvr,Rd = 434.3 kN

resistance per bolt-row (shear/bearing resistance)
row 1: Fvr,rd = 202.7 kN
row 2: Fvr,Rd = 388.6 kN
row 3: Fvr,Rd = 434.3 kN
ZFvr,rd = 1025.6 kN

shear/bearing resistance
Vj,Rd = ZFvr,Rd = 1025.6 kN
5.3.3. shear resistance

shear resistance of end plate

end-plate: Vep,Rd=1010.80 kN

welds: Fw,Rd=371.63 kN

shear resistance: Vep,Rd = Fw,Rd = 371.63 kN

shear resistance of column web

decisive basic component: 1

Vwp,Rd = 484.93 kN

5.3.4. total
Mij,Rd = 186.4 kNm N;jtRd = 570.5 KN Njc,Rd = 907.6 KN VjRd = 1025.6 KN Vwp,Rd = 484.9 KN Vep,Rd =371.6 kN

5.4. verifications
5.4.1. verification of the connection capacity by means of the component method

internal moment: Mgd = Md = 200.00 kNm

shear force: VEd = IVdl =270.00 kN
shear force: Vew,Ed = Md/z - (Ve1-Ve2)/2 = 539.81 kN, z =370.5 mm
shear force: Vb,w,Ed = 270.00 kN

Med/Mjrd = 1.073 > 1 not ok !l
Ved/VjRrd =0.263 < 1 ok
Ve,w,Ed/Vwp,Rd = 1.113 > 1 not ok !!
Vb,w,Ed/Vep,Rd = 0.727 < 1 ok

5.4.2. verification result

maximum utilization: max U=1.113 > 1 not ok !!
failure at verification of bending: U = 1.073
failure at verification shear in column web: U = 1.113

5.5. rotational stifiness

stiffness coefficients

equivalent stiffness coefficient for 2 tension-bolt-rows:

1: k3 =10.56 mm, ks =16.03 mm, ks =30.72 mm = Kkeff,1 =1/ Z(1/ki,1) =5.274 mm

2: k3 =10.56 mm, ka4 =16.08 mm, ks =20.22 mm = kefr,2 =1/ Z(1/ki2) = 4.842 mm
equivalent internal lever arm zeq = Z(keff,rrhr?) / Z(Keff,r-hr) = 382.69 mm

aquivalenter stiffness coefficient keq = Z(Keff,rhr) / zeq = 9.862 mm

k1 =0.38-Avc/ (Bz) =4.86 mm

k2 = 0.7-beff,c,wetwe / de = 11.30 mm

rotational stiffness

initial rotational stiffness: Sjini = (E-z2) / =(1/ki) = 77772.0 kNm/rad, z = Zeq =382.7 mm, X(1/ki) = 0.395 mm-1
IMj,edl =200.00 kNm > 2/3 MjRd = 124.25 KNm = p = ((1.5:Mj,Ed) / MjRd)Y =3.616, ¥ =2.7
rotational stiffness: SjRd = Sj,ini/ 1 =21510.5 kNm/rad

rotation: ¢j,Ed = Mj,Ed / Sj,Rd = 0.533°
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