POS. 13: STEELBAUKALENDER 2005, 4.7.2

Rigid beam connection EC 3-1-8 (04.25), NA: Deutschland

1. input report

4H-EC3BT version: 10/2019-2w
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section HE340A
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 IPE500
verification parameters
bolted end-plate connection
thickness tp = 15.0 mm, width bp =240.0 mm, length Ip = 600.0 mm
projections hp,o = 85.0 mm, hp,u=15.0 mm
bolts in connection:
4 bolt-rows with 2 bolts
all bolt-rows considered individually
all bolt-rows for shear transfer (rows 1-4)
bolt groups generated automatically, considering all groups reg. row 1
centre distance of the bolts to the lateral edge of the end-plate e2 = 60.0 mm
centre distance of the first bolt-row to the upper edge of the end-plate (end row) eo = 50.0 mm
centre distance of the last bolt-row to the bottom edge of the end-plate (end row) ey = 65.0 mm
centre distance of the bolt-rows from each other p1-2=85.0 mm, p2-3=80.0 mm, p3-4 =320.0 mm
welds at the connection point:
beam flange top: fillet weld, weld thickness a = 8.0 mm
beam web: fillet weld, weld thickness a = 5.0 mm
beam flange below: fillet weld, weld thickness a = 8.0 mm

internal forces and moments in the intersection point of system axes Ne2

Lc 1: Mijb,Ed =-220.00 kNm

partial safety factors for material MCT Ve Mo
resistance of cross-sections ymo = 1.00 H D’ No

M
resistance of members in stability failure ym1 =1.10 cll_\fm

Vo
resistance of bolts, welds, plates in bearing ymz = 1.25 \1/
prestressing of high strength bolts ym7 = 1.10 Net

notes
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.
the welds are not regarded by calculation the T-stub resistance.
welds are not checked.
calculation of T-stub-resistance with the standard method.
Die shear resistance of end plate is not respected.

check of data

ok
distances between bolts at end-plate
horizontal: e2=60.0mm > 1.2:do=31.2 mm, e2=60.0 mm <4t + 40 mm = 100.0 mm

horizontal: p2=120.0 mm >2.4do=624 mm, pz2=120.0 mm < min(14t, 200 mm) =200.0 mm
top-below: e1=50.0mm > 1.2:do=31.2 mm, e1=50.0 mm <4t + 40 mm =100.0 mm
top-below: p1=85.0mm >2.2:do=57.2 mm, p1=85.0 mm < min(14, 200 mm) = 200.0 mm
top-below: p1=80.0mm >2.2:do=57.2 mm, p1 =80.0 mm < min(14, 200 mm) = 200.0 mm
top-below: p1=3200mm=>22.do=57.2mm, p1=320.0 mm > min(141t, 200 mm) =200.0 mm !!
top-below: e1=65.0mm > 1.2:do=31.2 mm, e1=65.0mm <4t + 40 mm =100.0 mm

bolt distance from column edge

horizontal: e2=90.0mm > 1.2:do=31.2 mm, e2=90.0 mm <4t + 40 mm =100.0 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
internal forces at noperiphery connectionl zur connection plane partial internal forces and moments
Nje2 Nez| Me2 Nc2| Me2 N
V]cz ? M] 2 — b' —p
Njb2 /_T.. : Njb ””bz erz h‘ Vch '—"th
A il
M].bZ\ Uy | o /M]b Vob,w 7:;::'1_
ST e [N
MLV | ST
Nj.c I
slope angle: ab=a=ov=0°
distance: e1=165.0mm, e3=242.0 mm, e2=242.0 mm, es = 484.0 mm

internal forces and moments perpendicular to the connection planes
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periphery beam
Md =220.00 kNm

partial internal forces and moments

internal forces and moments in the periphery end-plate-beam: M'd = Md - Vd-tp = 220.00 kNm
Nb,t = -Nd-zbu/zb + M'd/zb = 454.55 kKN, zb = 484.0 mm, zbu =242.0 mm

Nb,c = Nd'zbo/zb + M'd/zb = 454.55 kKN, zb = 484.0 mm, zbo =242.0 mm

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 =220.00 kNm (Mj2 = 0)

o Only the essential sizes are sketched to scale.
—Wp The connection geometry is only hinted.
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243 | Ll1e®

slenderness of column web hwe/twe =31.26 < 72:¢/n1 =60.00 = method applicable
plastic shear resistance Vwp,Rd = (0.9-fy,w-Awp) / (312-ym0) = 382.81 kN

Beitrag of column flange:

additional resistance Vwp,add,Rd = 4-Mpl,fc,Rd/Zwp = 53.0 kN, zwp = hr = 362.0 mm
plastic shear resistance plus Beitrag of column flange Vwp,Rd = 435.8 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 =220.00 kNm (Mj2 = 0)

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

o
L] a8n o,
ad ©"
27: |
243 | Lhe®

effective width of web in transverse compression beff,c = tfo + 2:2172-ap + 5-(tfc+8c) + Sp = 274.8 mm
reduction factor kw = 1.0 (ccom,Ed = 0)
plate slenderness ip = 0.932:[(beft,c:dw-fy) / (Etw?2)]1/2 = 0.848
reduction factor for web buckling p = (Ap-0.22) / 2p2 = 0.873 for ip > 0.673
reduction factor for interaction with shear stress p=1 = ©=0.725
resistance of an unstiffened web in transverse compression:
Few,Rd = ® + (kwbeff,ctw-fy,w) / ymo = 444.91 kN
Few,Rd = @ + (kw'pbeff,ctw-fy,w) / ym1 = 353.20 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 = 286.1 mm
reduction factor kw = 1.0 (ccom,Ed = 0)
plate slenderness ip = 0.932:[(beft,c:dw-fy) / (Etw?2)]1/2 = 0.865
reduction factor for web buckling p = (Ap-0.22) / 2p2 = 0.862 for ip > 0.673
reduction factor for interaction with shear stress p=1 = o =0.711
resistance of an unstiffened web in transverse compression:
Few,Rd = ® + (kwbeff,ctw-fy,w) / ymo = 454.27 kN
Few,Rd = @ + (kw'pbeff,ctw-fy,w) / ym1 = 355.90 kN (decisive)
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2.2.3. bc 4: column flange in bending

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

Ffoe_

|80/85]

320

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) = 211.4 mm, leff,cp = 211.4 mm
in mode 2: Zleff,2 = leff,2 = leff,nc = 247.1 mm
tension resistance of the T-stub flange:
in mode 1: Mpi,1,Rd = (0.25-Zleff,1-t2-fy) / ymo = 3.38 KNm
in mode 2: Mpi,2,Rd = (0.25-Zleff,2ti2-fy) / ymo = 3.95 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 = (4Mpl,1,Rd) / m = 401.99 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) = 386.40 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) = 386.40 kN
row 2
effective length of the T-stub flange (column flange):
in mode 1: Zleff,1 = leff,1 = min(leff,nc, leff,cp) = 211.4 mm, leff,cp = 211.4 mm
in mode 2: Zleff,2 = leff,2 = leff,nc = 247.1 mm
tension resistance of the T-stub flange:
in mode 1: Mpi,1,Rd = (0.25-Zleff,1-t2-fy) / ymo = 3.38 KNm
in mode 2: Mpi,2,Rd = (0.25-Zleff,2ti2-fy) / ymo = 3.95 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 = (4Mpl,1,Rd) / m = 401.99 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) = 386.40 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) = 386.40 kN
row 3
effective length of the T-stub flange (column flange):
in mode 1: Zleff,1 = leff,1 = min(leff,nc, leff,cp) = 211.4 mm, leff,cp = 211.4 mm
in mode 2: Zleff,2 = leff,2 = leff,nc = 247.1 mm
tension resistance of the T-stub flange:
in mode 1: Mpi,1,Rd = (0.25-Zleff,1-t2-fy) / ymo = 3.38 KNm
in mode 2: Mpi,2,Rd = (0.25-Zleff,2ti2-fy) / ymo = 3.95 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 = (4Mpl,1,Rd) / m = 401.99 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) = 386.40 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) = 386.40 kN
row 4
effective length of the T-stub flange (column flange):
in mode 1: Zleff,1 = leff,1 = min(leff,nc, leff,cp) = 211.4 mm, leff,cp = 211.4 mm
in mode 2: Zleff,2 = leff,2 = leff,nc = 247.1 mm
tension resistance of the T-stub flange:
in mode 1: Mpi,1,Rd = (0.25-Zleff,1-t2-fy) / ymo = 3.38 KNm
in mode 2: Mpi,2,Rd = (0.25-Zleff,2ti2-fy) / ymo = 3.95 KNm
Ft,Rd = (ka-fub-As) / ym2 = 253.80 kN, k2 =0.90
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in mode 3: ZFt,Rd = 2:nb-Ft,Rd = 507.60 kN
mode 1: complete yielding of the T-stub flange
FT,1,Rd = (4Mpl,1,Rd) / m = 401.99 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) = 386.40 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) = 386.40 kN
resistances and effective lengths of column flange in bending (per bolt-row)
Ft,fc,Rd,1 = 386.40 kN, leff,1 =211.4 mm
Ft,fc,Rd,2 = 386.40 kN, leff,2 =211.4 mm
Ft,fc,Rd,3 = 386.40 kN, leff,3=211.4 mm
Ft,fc,Rd,4 = 386.40 kN, leff,4 =211.4 mm

equivalent T-stub flange (group of bolts 1):

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) = 332.1 mm, Zleft,cp = 381.4 mm
in mode 2: Zleff,2 = Zleff,nc = 332.1 mm
tension resistance of the T-stub flange:
in mode 1+2: Mpi,Rd = (0.25 Zlefr-ti2-fy) / ymo = 5.31 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 = (4Mpl,1,Rd) / m =631.42 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) = 704.32 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) = 631.42 kN
equivalent T-stub flange (group of bolts 2):

here: number of bolt-rows np =
effective length of the T- stub flange (column flange):
in mode 1: Zleff,1 = min(Zleff,nc, Zleff,cp) =412.1 mm, Zleft,cp = 541.4 mm
in mode 2: Zleff,2 = Zleff,nc = 412.1 mm
tension resistance of the T-stub flange:
in mode 1+2: Mpi,Rd = (0.25 Zlefi-t2-fy) / ymo = 6.59 kNm
Ft,Rd = (ka-fub-As) / ym2 = 253.80 kN, k2 =0.90
in mode 3: XFt,Rd = 2:nb-Ft,Rd = 1522.80 kN
mode 1: complete yielding of the T-stub flange
FT,1,Rd = (4Mpl,1,Rd) / m = 783.53 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) = 1020.12 kN
mode 3: bolt failure
F1,3,Rd = ZFt,Rd = 1522.80 kN
tension resistance of the T-stub flange: F1,Rd = min(FT,1,Rd, FT,2,Rd, FT,3,Rd) = 783.53 kN
equivalent T-stub flange (group of bolts 3):

here: number of bolt-rows np = 4
distance between bolt-rows too big (p3-2 = 80.0 mm, p3-4 =320.0 mm) = group closed
resistances and effective lengths of column flange in bending (per bolt group):
Fep,Rd,1-2 = 631.42 kN, Zleff = 332.1 mm, 2 rows
Fep,Rd,1-3 = 783.53 kN, Zleff =412.1 mm, 3 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 =220.00 kNm (Mj2 = 0)

V| a8 Only the essential sizes are sketched to scale.
Y o The connection geometry is only hinted.

243 | Llre®

each individual bolt-row:

row 1
reduction factor for interaction with shear stress =1 = o =0.807
resistance eines unstiffeneden column webs with transverse tension
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Ft,we,Rd = @ * (beff,t,wetwe fywe) / yMo = 381.15 kN, beff,t,we =211.4 mm
row 2
reduction factor for interaction with shear stress =1 = o =0.807
resistance eines unstiffeneden column webs with transverse tension
Ftwe,Rd = @ - (beff,t,wetwefy,we) / yMo = 381.15 kN, Dbeff t,we = 211.4 mm
row 3
reduction factor for interaction with shear stress =1 = o =0.807
resistance eines unstiffeneden column webs with transverse tension
Ftwe,Rd = @ - (beff,t,wetwefy,we) / yMo = 381.15 kN, Dbeff t,we = 211.4 mm
row 4
reduction factor for interaction with shear stress =1 = o =0.807
resistance eines unstiffeneden column webs with transverse tension
Ft,we,Rd = @ * (beff,t,wetwe fywe) / yMo = 381.15 kN, beff,t,we =211.4 mm
resistance of a column web with transverse tension (per bolt-row)
Ftwe,Rd,1 = 381.15 kN, beff,twe =211.4 mm (s. bc 4)
Ftwe,Rd,2 = 381.15 kN, beff,twe =211.4 mm (s. bc 4)
Ftwe,Rd,3 = 381.15 kN, beff,twe =211.4 mm (s. bc 4)
Ftwe,Rd,4 = 381.15 kN, beff,twe =211.4 mm (s. bc 4)

group of bolt-rows, group 1:
reduction factor for interaction with shear stress p=1 = o =0.657
resistance eines unstiffeneden column webs with transverse tension
Ftwe,Rd = @ * (beff,t,wetwe fy,we) / yMo = 487.12 kN, Dbeft,t,we = 332.1 mm

group of bolt-rows, group 2:
reduction factor for interaction with shear stress p=1 = © =0.575
resistance eines unstiffeneden column webs with transverse tension
Ftwe,Rd = ® - (befft,wetwefy,we) / ymo = 528.77 kN, beft,t,we = 412.1 mm
resistances of a column web with transverse tension (per bolt group):
Ftwe,Rd, 1-2 = 487.12 kN, Zbeff,t,wec =332.1 mm (s. bc 4), 2 rows
Ftwe,Rd,1-8 = 528.77 kN, Zbefftwec =412.1 mm (s. bc 4), 3 rows

2.2.5. bc 5: end-plate in bending

8 Only the essential sizes are sketched to scale.
s The connection geometry is only hinted.
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extended pért 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) = 120.0 mm, leff,cp = 163.0 mm
in mode 2: Zleff,2 = leff,2 = leff,nc = 120.0 mm
tension resistance of the T-stub flange:
in mode 1+2: Mpi,Rd = (0.25 Zlefr-ti2-fy) / ymo = 1.59 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 = (4Mpl,1,Rd) / m = 244.52 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) = 336.34 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) = 244.52 kN
resistance and effective length of end-plate in bending (projection)
Ftep,Rd,1 = 244.52 kN, leff,1 = 120.0 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) = 309.4 mm, leff,cp = 309.4 mm
in mode 2: Zleff,2 = leff,2 = leff,nc = 354.6 mm
tension resistance of the T-stub flange:
in mode 1: Mpi,1,Rd = (0.25-Zleff,1-t2-fy) / ymo = 4.09 KNm
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in mode 2: Mpi,2,Rd = (0.25-Zleff,21i2-fy) / ymo = 4.69 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 = (4Mpl,1,Rd) / m = 332.22 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) = 364.61 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) = 332.22 kN
row 3
effective length of the T-stub flange (end-plate):
in mode 1: Zleff,1 = leff,1 = min(leff,nc, leff,cp) = 272.0 mm, leff,cp = 309.4 mm
in mode 2: Zleff,2 = leff,2 = leff,nc =272.0 mm
tension resistance of the T-stub flange:
in mode 1+2: Mpi,Rd = (0.25 Zlefr-t2-fy) / ymo = 3.60 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 = (4Mpl,1,Rd) / m = 292.03 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) = 344.61 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) = 292.03 kN
row 4
effective length of the T-stub flange (end-plate):
in mode 1: Zleff,1 = leff,1 = min(leff,nc, leff,cp) = 309.4 mm, leff,cp = 309.4 mm
in mode 2: Zleff,2 = leff,2 = leff,nc = 354.6 mm
tension resistance of the T-stub flange:
in mode 1: Mpi,1,Rd = (0.25-Zleff,1-t2-fy) / ymo = 4.09 KNm
in mode 2: Mpi,2,Rd = (0.25-Zleff,21i2-fy) / ymo = 4.69 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 = (4Mpl,1,Rd) / m = 332.22 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) = 364.61 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) = 332.22 kN
resistances and effective lengths of end-plate in bending (per bolt-row):
Fep,Rd,2 = 332.22 kN, leff,2 = 309.4 mm
Fep,Rd,3 = 292.083 kN, leff,3 =272.0 mm
Fep,Rd,4 = 332.22 kN, leff,4 = 309.4 mm

equivalent T-stub flange (group of bolts 1):

here: number of bolt-rows np = 2 (R2+R3)
effective length of the T-stub flange (end-plate):
in mode 1: Zleff,1 = min(Zleff,nc, Zleff,cp) = 338.6 mm, Zleff,cp = 394.7 mm
in mode 2: Zleff,2 = Zleff,nc = 338.6 mm
tension resistance of the T-stub flange:
in mode 1+2: Mpi,Rd = (0.25 Zlefr-ti2-fy) / ymo = 4.48 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 = (4Mpl,1,Rd) / m = 363.63 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) = 639.54 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) = 363.63 kN

equivalent T-stub flange (group of bolts 2):
here: number of bolt-rows nb = 3 (R2+R3+R4)

distance between bolt-rows too big (p3-2 = 80.0 mm, p3-4 =320.0 mm) = group closed
resistances and effective lengths of end-plate in bending (per bolt group):
Fep,Rd,2-3 = 363.63 kN, Zleff = 338.6 mm, 2 rows
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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

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

500

resistance Mc,Rd = Mpl,Rd = (Wpl-fy) / ymo = 515.56 kNm, Wpi=2193.86 cm?
resistance of flange and web in compression
Fcf,Rd = Mc,Rd/ (h - tf) = 1085.20 kN

resistance of the upper beam flange:
resistance Mc,Rd = Mpl,Rd = (Wpl-fy) / ymo = 515.56 kNm, Wpi=2193.86 cm?
resistance of flange and web in compression

Fcf,Rd = Mc,Rd/ (h - tf) = 1085.20 kN

2.2.7. bc 8: beam web in tension

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

RN 1 SARMRN

309°

each individual bolt-row:
row 2
effective width beft,t,wb = 309.4 mm (letf from bc 5)
resistance of a beam web in tension
Ft,wb,Rd = beff,t,wb-twb-fy,wb / yM0 = 741.64 kN
row 3
effective width beft,t,wb =272.0 mm (letf from bc 5)
resistance of a beam web in tension
Ft,wb,Rd = beff,t,wb-twb-fy,wb / Ym0 = 651.92 kN
row 4
effective width beft,t,wb = 309.4 mm (letf from bc 5)
resistance of a beam web in tension
Ft,wb,Rd = beff,t,wb-twb-fy,wb / yM0 = 741.64 kN
resistance of a beam web in tension (per bolt-row)
Ftwb,Rd,2 = 741.64 kN, befftwb = 309.4 mm (s. bc 5)
Ft,wb,Rd,3 = 651.92 kN, befftwb =272.0 mm (s. bc 5)
Ftwb,Rd,4 = 741.64 kN, befftwb = 309.4 mm (s. bc 5)

group of bolt-rows, group 1:
effective width beft,t,wb = 338.6 mm (letf from bc 5)
resistance of a beam web in tension
Ft,wb,Rd = Deff,t,wb-twb-fy,wb / yM0o = 811.74 kN
resistances of a beam web in tension (per bolt group):
Ft,wb,Rd,2-3 = 811.74 kN, Zbefttwb = 338.6 mm (s. bc 5), 2 rows
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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.

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 = 350.96 kN, tp = 15.0 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 =527.0 mm, h2=442.0 mm, h3 =362.0 mm, hs4 =42.0 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 = 244 .5 kN
row 2: Fir,rd = 332.2 kN
row 3: Fir,rd = 292.0 kN
row 4: Fir,rd = 332.2 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
group 1

row 1: Fir,rd = 244 .5 kN
row 2: Fir,rd = 242.6 kN
group 2

row 1: Fir,rd = 244 .5 kN
row 2: Fir,rd = 242.6 kN
row 3: Fir,Rd = 41.6 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
group 1

row 2: Fir,rd = 242.6 kN
row 3: Fir,Rd = 41.6 kN

resistance per bolt-row (tension)

row 1: Fir,rd = 244 .5 kN

row 2: Fir,rd = 242.6 kN

row 3: Fir,Rd = 41.6 kN

row 4: Fir,rd = 332.2 kN
ZFtr,Rd" = 861.0 kN

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

decisive basic components: 1, 2, 7

row 1: Fir,rd = 244 .5 kN
row 2: Fir,rd = 108.7 kN
row 3: Ftr,Rd = 0.0 kN
row 4: Ftr,Rd = 0.0 kN

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

decisive basic component: 10

row 1: Fir,rd = 244 .5 kN
row 2: Fir,rd = 108.7 kN

resistance per bolt-row (bending)
row 1: Fir,rd = 244 .5 kN

row 2: Fir,rd = 108.7 kN

row 3: Ftr,Rd = 0.0 kN

row 4: Ftr,Rd = 0.0 kN
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EZFtr,Rd = 3563.2 kN
potential failure by basic component 2, 3, 5

resistance of flanges (compression)
LF¢,Rd" = 706.4 kN

moment resistance

M;j,Rd = Z(Ftr,Ra-hr) = 176.9 kNm
tension resistance

NjtRd = ZFtr,Rd" = 861.0 kN
compression resistance

Nj,c,Rd = ZF¢,Rd" = 706.4 kN

2.3.2. shear resistance
shear resistance of column web

decisive basic component: 1

Vup,Rd = 435.83 kN

2.3.3. total
MjRd = 176.9 kKNm N;jt,Rd = 861.0 kN Njc,Rd = 708.4 KN Vwp,Rd = 435.8 kN

2 4. verifications
2.4.1. verification of the connection capacity by means of the component method

internal moment: Mgd = Mg =220.00 kNm
shear force: Vew,Ed = Md/Z - (Ve1-Ve2)/2 = 487 68 kN, z =451.1 mm

Med/Mjrd = 1.244 > 1 not ok !l
Ve,w,Ed/Vwp,Rd = 1.119 > 1 not ok !!
2.4 .2. verification result

maximum utilization: max U=1.244 > 1 not ok !!
failure at verification of bending: U = 1.244
failure at verification shear in column web: U = 1,118

3. final result

maximum utilization: max U=1244 > 1 not ok !!

resistance not ensured !!

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;
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
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