POS. 18: WAGENKNECHT BD.3 4.6.1

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

1. input report

4H-EC3BT version: 10/2019-2w
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steel grade

steel grade S235
column parameters
section HE280A
bolts

bolt class 10.9, bolt size M24, normal wrench size
shear plane passes through the unthreaded portion of the bolt

beam parameters
section IPE360
verification parameters
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bolted end-plate connection
thickness tp = 35.0 mm, width bp = 180.0 mm, length Ip =400.0 mm
projections hp,o = 20.0 mm, hp,u =20.0 mm
bolts in connection:
2 bolt-rows with 2 bolts
of these 1 bolt-row top in tension (row 1)
and 1 bolt-row for shear transfer top (row 2)
of these 1 bolt-row below in tension (row 2)
and 1 bolt-row for shear transfer below (row 2)
centre distance of the bolts to the lateral edge of the end-plate e2 = 35.0 mm
centre distance of the first bolt-row to the upper edge of the end-plate (end row) eo = 85.0 mm
centre distance of the last bolt-row to the bottom edge of the end-plate (end row) ey = 85.0 mm
centre distance of the bolt-rows from each other p1-2 =230.0 mm
welds at the connection point:
beam flange top: fillet weld, weld thickness a = 6.0 mm
beam web: fillet weld, weld thickness a = 4.0 mm
beam flange below: fillet weld, weld thickness a = 6.0 mm

internal forces and moments at the joint periphery refering to the system axes Ne2
Lc1: Mb,Ed =1.00 kNm Ao
partial safety factors for material VCQT’ ©

resistance of cross-sections ymo = 1.00

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

Vcll Vbl

notes

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=385.0mm > 1.2:do=31.2 mm, e2=35.0mm <4t + 40 mm=92.0 mm

horizontal: p2=110.0 mm > 2.4-do = 62.4 mm, pz = 110.0 mm < min(14t, 200 mm) = 182.0 mm
top-below: e1=85.0mm > 1.2:do=31.2 mm, e1=85.0mm<4t+40 mm=92.0 mm

top-below: p1=2300mm=>22do=572mm, p1=230.0 mm > min(14t, 200 mm)=182.0 mm !!
top-below: e1=85.0mm > 1.2:do=31.2 mm, e1=85.0mm<4t+40 mm=92.0 mm

bolt distance from column edge

horizontal: e2=85.0mm > 1.2:do=31.2 mm, e2=85.0mm <4t + 40 mm=92.0 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
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slope angle: ab=a=ov=0°
distance: e1=135.0mm, e3=1736 mm, e2=173.6 mm, es =347.3 mm

internal forces and moments perpendicular to the connection planes
periphery beam
Md = 1.00 kNm

partial internal forces and moments

internal forces and moments in the periphery end-plate-beam: M'd = Md - Vd-tp = 1.00 kNm
Nb,t = -Nd-Zbu/zb + M'd/zb = 2.88 kN, zb =347.3 mm, zbu=173.7 mm

Nb,c = Nd'Zbo/zb + M’'d/zb = 2.88 kN, zb=347.3 mm, Zbo = 173.7 mm
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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 = 1.00 kNm (Mj2 = 0)

| Only the essential sizes are sketched to scale.
—Vwpi | The connection geometry is only hinted.
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slenderness of column web hwe/twe =30.50 < 72:¢/n =60.00 = method applicable
plastic shear resistance Vwp,Rd = (0.9-fy,w-Awp) / (312-ym0) = 263.76 kN

Beitrag of column flange:

additional resistance Vwp,add,Rd = 4-Mpl,fc,Rd/Zwp = 38.5 kN, zwp = hr =288.6 mm
plastic shear resistance plus Beitrag of column flange Vwp,Rd = 302.3 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 = 1.00 kNm (Mj2 = 0)

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

Fe.. ._....5
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effective width of web in transverse compression beff,c = tfo + 2:2172-ap + 5-(tfc+8c) + Sp = 261.2 mm
reduction factor kw = 1.0 (ccom,Ed = 0)
plate slenderness ip = 0.932[(beff,c:dw-fy) / (Etw?)]1/2 = 0.882
reduction factor for web buckling p = (Ap-0.22) / 2p2 = 0.851 for ip > 0.673
reduction factor for interaction with shear stress p=1 = © =0.672
resistance of an unstiffened web in transverse compression:
Few,Rd = @ - (Kw-beff,ctw-fy,w) / ymo = 329.82 kN
Few,Rd = @ + (kw'pbeff,ctw-fy,w) / ym1 = 255.20 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 = 261.2 mm
reduction factor kw = 1.0 (ccom,Ed = 0)
plate slenderness ip = 0.932[(beff,c:dw-fy) / (Etw?)]1/2 = 0.882
reduction factor for web buckling p = (Ap-0.22) / 2p2 = 0.851 for ip > 0.673
reduction factor for interaction with shear stress p=1 = © =0.672
resistance of an unstiffened web in transverse compression:
Few,Rd = @ - (Kw-beff,ctw-fy,w) / ymo = 329.82 kN
Few,Rd = @ + (kw'pbeff,ctw-fy,w) / ym1 = 255.20 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.

13
24 | 35]

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

effective length of the T-stub flange (column flange):
in mode 1: Zleff,1 = leff,1 = min(leff,nc, leff,cp) = 199.8 mm, leff,cp = 199.8 mm
in mode 2: Zleff,2 = leff,2 = leff,nc = 233.4 mm
tension resistance of the T-stub flange:
in mode 1: Mpi,1,Rd = (0.25-Zleff,1-t2-fy) / ymo = 1.98 KNm
in mode 2: Mpi,2,Rd = (0.25-Zleff,21i2-fy) / ymo = 2.32 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=70.7 mm <227.2 mm = Lb" = prying forces may develop !
mode 1: complete yielding of the T-stub flange
FT,1,Rd = (4Mpl,1,Rd) / m = 249.54 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) = 335.36 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) = 249.54 kN
resistances and effective lengths of column flange in bending (per bolt-row)
Ft,fc,Rd,1 = 249.54 kN, leff,1 = 199.8 mm

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 = 1.00 kNm (Mj2 = 0)

| a6 o Only the essential sizes are sketched to scale.
A o~ The connection geometry is only hinted.
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each individual bolt-row:
reduction factor for interaction with shear stress p=1 = 0 =0.764
resistance eines unstiffeneden column webs with transverse tension

Ftwe,Rd =0 - (beff,t,wc'twcfy,wc) / YMO = 287.09 kN, Dbeff,t,we = 199.8 mm
resistance of a column web with transverse tension (per bolt-row)

Ftwe,Rd, 1 = 287.09 kN, beff,twe = 199.8 mm (s. bc 4)
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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

effective length of the T-stub flange (end-plate):
in mode 1: Zleff,1 = leff,1 = min(leff,nc, leff,cp) = 245.2 mm, leff,cp = 292.0 mm
in mode 2: Zleff,2 = leff,2 = leff,nc = 245.2 mm
tension resistance of the T-stub flange:
in mode 1+2: Mpi,Rd = (0.25 Zlefi12-fy) / ymo = 17.64 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 =70.7 mm >29.6 mm =Lb" = no prying forces !
mode 1 and 2: complete yielding of the T-stub flange and possibly coincident bolt failure
F1,1-2,Rd = (2:Mpl,1,Rd) / m = 759.32 kN
mode 3: bolt failure
FT,3,Rd = ZFt,Rd = 507.60 kN
tension resistance of the T-stub flange: FT,Rd = min(FT,1-2,Rd, FT,3,Rd) = 507.60 kN
resistances and effective lengths of end-plate in bending (per bolt-row):
Fep,Rd,1 = 507.680 kN, leff,1 = 245.2 mm

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.
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resistance Mc,Rd = Mpl,Rd = (Wplfy) / ymo = 239.47 kNm, Wpi=1019.04 cm?
resistance of flange and web in compression
Fc.f,Rd = Mc,Rd/ (h - tf) = 8689.53 kN

resistance of the upper beam flange:
resistance Mc,Rd = Mpl,Rd = (Wplfy) / ymo = 239.47 kNm, Wpi=1019.04 cm?
resistance of flange and web in compression

Fc.f,Rd = Mc,Rd/ (h - tf) = 8689.53 kN
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2.2.7. bc 8: beam web in tension

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

o~
3 N Ft Ft N

each individual bolt-row:
effective width beft,t,wb = 245.2 mm (letf from bc 5)
resistance of a beam web in tension
Ft,wb,Rd = beff,t,wb-twb-fy,wb / ymo = 460.92 kN
resistance of a beam web in tension (per bolt-row)
Ftwb,Rd,1 = 460.92 kN, befftwb =245.2 mm (s. bc 5)

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 = 266.59 kN, tp = 13.0 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-row from centre of compression: h1 =288.6 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 = 249.5 kN

resistance per bolt-row (tension)
row 1: Fir,rd = 249.5 kN
SFirRd" = 249.5 kN

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

decisive basic components: 1, 2, 7

row 1: Fir,rd = 249.5 kN

resistance per bolt-row (bending)
row 1: Fir,rd = 249.5 kN
EZFtr,Rd = 249.5 kN
potential failure by basic component 4

resistance of flanges (compression)
LFe¢Rd =510.4 kN

moment resistance

M;j,Rd = Z(Ftr,Ra-hr) = 72.0 kNm
tension resistance

Nijt,Rd = ZFtr,rd" = 249.5 kN
compression resistance
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Nj,c,Rd = ZF¢,Rd" = 510.4 kN

2.3.2. shear resistance

shear resistance of column web
decisive basic component: 1

Vwp,Rd = 302.28 kN

2.3.3. total
Mj,Rd = 72.0 KNm Njt,Rd = 249.5 KN Nj,c,Rd =510.4 kN Vwp,Rd = 302.3 kN

2.4, rotational stiffiness

stiffness coefficients

k1 =0.38-Avc/ (B'z) =4.18 mm

k2 = 0.7-beff,c,wetwec / dc = 7.46 mm

ks = 0.7 -beff,t,wctwe / de =5.71 mm, beff,t,wec = 199.8 mm

ka = 0.9:lefrttc® / m®=12.29 mm, leff = 199.8 mm, m =31.8 mm

ks = 0.9:lefftp® / m® = 94.25 mm, leff = 245.2 mm, m =46.5 mm

k10 =1.6:As/Lb =7.98 mm, Lo =tges + tp + (tk+tm)/2 = 70.7 mm, tges = 48.0 mm
rotational stiffness

initial rotational stiffness: Sjini = (E-z2) / =(1/ki) = 22849.9 kNm/rad, z =288.6 mm, =(1/ki) = 0.766 mm-1
IMj,Edl = 1.00 kNm < 2/3 Mjrd =48.02 kNm = p=1

rotational stiffness: SjRd = Sj,ini / 1 = 22849.9 kNm/rad

rotation: ¢j,Ed = Mj,Ed / Sj,Rd = 0.003°

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 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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