POS. 21: WAGENKNECHT BD.3 7.6

Rigid beam splice EC 3-1-8 (04.25), NA: Deutschland 4H-EC3BT version: 10/2019-2w
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bolt class 10.9, bolt size M20, normal wrench size
shear plane passes through the unthreaded portion of the bolt
beam parameters
section HE360A
verification parameters
bolted end-plate connection
thickness tp = 25.0 mm, width bp = 300.0 mm, length Ip = 440.0 mm
projections hp,o = 70.0 mm, hp,u =20.0 mm
bolts in connection:
3 bolt-rows with 4 bolts
row 1: 4 bolts, row 2: 4 bolts, row 3: 4 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)
calculation method (4 bolts per row) acc. to Wagenknecht, Stahlbau-Praxis nach EC 3, Bd.3
centre distance between outer and inner bolt w2 = 70.0 mm
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 = 30.0 mm
centre distance of the last bolt-row to the bottom edge of the end-plate (end row) ey = 80.0 mm
centre distance of the bolt-rows from each other p1-2 =100.0 mm, p2-3 =230.0 mm
welds at the connection point:
beam flange top: fillet weld, weld thickness a = 9.0 mm
beam web: fillet weld, weld thickness a = 4.0 mm
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beam flange below: fillet weld, weld thickness a = 9.0 mm

70% of compressive stress is transfered by contact
internal forces and moments at the joint periphery refering to the system axes
Lc1: Mb,Ed = 320.00 kNm Vb,£d = 180.00 kN Nbﬂ_._l},qb
partial safety factors for material " Vb Vb "
resistance of cross-sections ymo = 1.00 b °
resistance of members in stability failure ym1 =1.10
resistance of bolts, welds, plates in bearing ym2 = 1.25
prestressing of high strength bolts ym7 = 1.10

notes
no verification for cross-sections.
calculation of T-stub-resistance with the standard method.

check of data

ok
distances between bolts at end-plate
horizontal: e2=385.0mm > 1.2:do=26.4 mm, e2=35.0mm <4t + 40 mm=140.0 mm

horizontal: p2=70.0 mm > 2.4-do =52.8 mm, p2 = 70.0 mm < min(14-, 200 mm) = 200.0 mm
horizontal: p2=90.0 mm > 2.4-do =52.8 mm, p2 = 90.0 mm < min(14-t, 200 mm) = 200.0 mm
top-below: e1=30.0mm > 1.2:do =26.4 mm, e1=30.0 mm <4t + 40 mm = 140.0 mm
top-below: p1=1000mm>22.do=48.4mm, p1=100.0mm <min(14t, 200 mm) = 200.0 mm
top-below: p1=2300mm=>22do=484mm, p1=230.0mm>min(141t, 200 mm) =200.0 mm !!
top-below: e1=80.0mm > 1.2:do =26.4 mm, e1=80.0 mm <4t + 40 mm=140.0 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 Un Uv Usb Ubc U Sj.ini Sj PJ
- --- --- --- - - MNm/rad MNm/rad °
1 0.939 0.298 0.778 0.939| 0.939*%| 421.2 140.4 0.131

Um: utilization due to bending; Uy: utilization due to shear/bearing resistance; Ush: utilization due to weld

Ubc: utilization due to partial internal forces and moments; U: utilization of the connection; Sjini: initial rotational stiffness
Sj: rotational stiffness; ¢j: rotation

*) maximum utilization

3. final result

maximum utilization: max U=0.939 < 1 ok
minimum rotational stiffness: min Sj= 140.4 MNm/rad, Sjini=421.2 MNm/rad, ¢j=0.131°

verification succeeded
requirement acc. to EC 3-1-8 should be respected

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

Gerd Wagenknecht: Stahlbau-Praxis nach Eurocode 3, Band 3, Beuth Verlag GmbH, 2014

5. Lc 1 (decisive)
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5.1. design values

periphery connection-sided 1 to connection plane partial internal forces
and moments

Nt
— — b

slope angle: ab=a=ov=0°

internal forces and moments perpendicular to the connection planes
periphery beam

Md = 320.00 kNm, Vg =180.00 kN

partial internal forces and moments

internal forces and moments in the periphery end-plate-beam: M'd = Md - Vdtp = 315.50 kNm
Nb,t = -Nd-zbu/zb + M’'d/zb = 948.87 kN, zp =332.5 mm, zbu = 166.3 mm

Nb,c = Nd'Zbo/zb + M'd/zb = 948.87 kN, zp =332.5 mm, zbo = 166.3 mm

Vb,t = -Nb,t:sin(ow) = 0.00 kN, Vb,c = Nb,csin(aw) = 0.00 kN, Vb,w = Vd - Vb,t - Vb,c = 180.00 kN

5.2. basic components

5.2.1. bc 5: end-plate in bending

S’-, Only the essential sizes are sketched to scale.
— The connection geometry is only hinted.
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connections with 4 bolts per bolt-row are not treated in EC 3-1-8.
verification acc. to Wagenknecht, Stahlbau-Praxis nach EC 3, Bd.3.

extended part of end-plate

in projecting part of end plate only one bolt-row (nb = 1) is considered (4 bolts per row).
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 = 303.7 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 = (ko-fub-As) / ym2 = 176.26 kN, k2 =0.90
in mode 3: ZFt,Rd = 4:nb-Ft,Rd = 705.02 kN
mode 1: complete yielding of the T-stub flange
FT,1,Rd = (4-Mpl,1,Rd) / m = 738.87 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) = 537.74 kN
mode 3: bolt failure
FT,3,Rd = ZFt,Rd = 705.02 kN, FT,4,Rd = 2-Mpl,1,Rd/ m = 369.43 kN
tension resistance of the T-stub flange: F1,Rd = min(FT1,1,Rd, FT,2,Rd, FT,3,Rd) = 537.74 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 = 687.31 kN (= 537.74 kN, not decisive)
resistance and effective length of end-plate in bending (projection)
Ftep,Rd,1 = 537.74 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 (4 bolts per row)

effective length of the T-stub flange (end-plate):
in mode 1: Zleff,1 = leff,1 = min(leff,nc, leff,cp) = 283.8 mm, leff,cp = 321.4 mm
in mode 2: Zleff,2 = leff,2 = leff,nc = 283.8 mm

tension resistance of the T-stub flange:
in mode 1+2: Mpi,Rd = (0.25 Zlefi12-fy) / ymo = 10.42 kNm
Ft,Rd = (ko-fub-As) / ym2 = 176.26 kN, k2 =0.90
in mode 3: ZFt,Rd = 4:nb-Ft,Rd = 705.02 kN
mode 1: complete yielding of the T-stub flange
FT,1,Rd = (4Mpl,1,Rd) / m = 1175.00 kN
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mode 2: bolt failure simultaneously with yielding of the T-stub flange

FT,2,Rd = (2-Mpl,2,Rd + (N1+n2)-0.25-ZFt,Rd-(3.6 - 1.6:n1/(n1+n2))) / (m+n1+n2) = 482.12 kN

mode 3: bolt failure

FT,3,Rd = 0.9-2Ft,Rd = 634.52 kN, FT,4,Rd = (3.6-MpI,1,Rd) / (1.8:m + 0.8:n1) = 313.00 kN

tension resistance of the T-stub flange: F1,Rd = min(FT,1,Rd, FT,2,Rd, FT,3,Rd) = 482.12 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 = 577.94 kN (> 482.12 kN, not decisive)
resistances and effective lengths of end-plate in bending (per bolt-row):

Fep,Rd,2 = 482.12 kN, leff,2 = 283.8 mm

5.2.2. 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 = 180.0 kN

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

.._
350

stress due to bending with shear force: VeEd = 180.0 kN <332.1 kN = 0.5:Vp|,Rd/2 = no effect
resistance Mc,Rd = Mpl,Rd = (Wpl-fy) / ymo = 480.75 kNm, Wy =2088.29 cm?
resistance of flange and web in compression
Fcf,Rd = Mc,Rd/ (h - tf) = 1475.94 kN
resistance of welds
compression force Ne¢,Ed = 442.8 kN (70% compressive contact)
61,w,Ed = 116.0 NNmm?2 < fiw,d =360.0 N'mm2 = U=0.322 < 1
o2,w,Ed = 58.0 N/mm2 < fow,d =259.2 N/'mm2 = U=0.224 < 1

resistance of the upper beam flange:
stress due to bending with shear force: VeEd = 180.0 kN <332.1 kN = 0.5:Vp|,Rd/2 = no effect
resistance Mc,Rd = Mpl,Rd = (Wpl-fy) / ymo = 480.75 kNm, Wy =2088.29 cm?
resistance of flange and web in compression
Fcf,Rd = Mc,Rd/ (h - tf) = 1475.94 kN
resistance of welds
compression force Ne¢,Ed = 442.8 kN (70% compressive contact)
61,w,Ed = 116.0 NNmm?2 < fiw,d =360.0 N'mm2 = U=0.322 < 1
o2,w,Ed = 58.0 N/mm2 < fow,d =259.2 N/'mm2 = U=0.224 < 1

5.2.3. bc 8: beam web in tension

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

2 SN R

each individual bolt-row:
row 2
effective width beft,t,wb = 283.8 mm (letf from bc 5)
resistance of a beam web in tension
Ft,wb,Rd = beff,t,wb-twb-fy,wb / yM0 = 666.92 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 = 577.94 kN
total loading capacity of plate: Ftwb,Rd = Ftw,Rd = 577.94 kN
resistance of a beam web in tension (per bolt-row)
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Ft,wb,Rd,2 = 577.94 kN, befftwb =283.8 mm (s. bc 5)

5.2.4. bc 10: bolts in tension

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

T

tension resistance of one bolt Ft,Rd = (k2-fub-As) / ymM2 = 176.26 kN, k2 = 0.90
punching shear load capicity of a bolt Bp,Rd = (0.6-n-dmtp-fu)) / ym2 = 427.17 kN, tp =25.0 mm
tension-/punching shear load capicity for 4 bolts: ZFtp,Rd = 4'min(Ft,Rd, Bp,Rd) = 705.02 kN

5.2.5. bc 11: bolts in shear

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

M20

shear resistance Fy,Rd = awv-fub-A/ ym2 = 150.80 kN, av =0.60
shear resistance of 4 bolts (1-shear): ZFv,Rd = 4-Fv,Rd =603.19 kN

5.2.6. bc 12: plate with bearing resistance

Only the essential sizes are sketched to scale.
The connection geometry is only hinted.
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row 3
bolt 1: bearing resistance Fo,Rd = (km-ab-fu-d-t) / ym2 = 432.00 kN, km =1.00, ab =3.00
bolt 2: bearing resistance Fo,Rd = (km-ab-fu-d-t) / ym2 = 432.00 kN, km =1.00, ab =3.00
bolt 3: bearing resistance Fo,Rd = (km-ob-fu-d-t) / ym2 = 432.00 kN, km =1.00, ab =3.00
bolt 4. bearing resistance Fo,Rd = (km-ob-fu-d-t) / ym2 = 432.00 kN, km =1.00, ab =3.00
bearing resistance of 1x4 bolts: ZFp,Rd = 1555.20 kN

5.3. connection capacity

5.3.1. moment resistance

distance of tension-bolt-rows from centre of compression: h1 = 381.3 mm, h2=281.3 mm
resistances acc. to EC 3-1-8, B.3.2.2(8) for bolt-rows considered individually

decisive basic components: 5, 8

row 1: Fir,rd = 537.7 kN
row 2: Fir,rd = 482.1 kN

resistance per bolt-row (tension)
row 1: Fir,rd = 537.7 kN
row 2: Fir,rd = 482.1 kN
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SFitrrd" = 1019.9 kN
deductions acc. to EC 3-1-8, B.3.2.2(7)

decisive basic component: 7

row 1: Fir,rd = 537.7 kN
row 2: Fir,rd = 482.1 kN

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

decisive basic component: 10

row 1: Fir,rd = 537.7 kN

resistance per bolt-row (bending)
row 1: Fir,rd = 537.7 kN
row 2: Fir,rd = 482.1 kN
EFtr,Rd = 1019.9 kN
potential failure by basic component 5

resistance of flanges (compression)
TFe,Rd =2951.9 kN

moment resistance

M;j,Rd = Z(Ftr,Rda-hr) = 340.6 kNm
tension resistance

Njt,Rd = XFtr,Rd" = 1019.9 kN
compression resistance

Nij,c,Rd = ZFc,Rd" = 2951.9 kN

5.3.2. shear/bearing resistance

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

row 3: Fvr,Rd = 603.2 kN

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

row 3: Fvr,Rd = 603.2 kN

resistance per bolt-row (shear/bearing resistance)
row 3: Fvr,Rd = 603.2 kN
ZFvr,Rrd = 603.2 kN

shear/bearing resistance
Vj,Rd = ZFvr,Rd = 603.2 kN

5.3.3. total
Mij,Rd = 340.6 kNm N;jtRd = 1019.9 KN Nj,c,rRd = 2951.9 kN VjRd = 603.2 kN

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

internal moment: Mgd = Md = 320.00 kNm
shear force: VEd = IVdl = 180.00 kN

Med/Mjrd =0.939 < 1 ok
Ved/Vjrd =0.298 < 1 ok

5.4.2. verification of the connection capacity with partial internal forces and moments

tension force in the bolt-rows:

N'b,t = (-Nd'zbu + Md) / Z = 966.04 kN, Z = Zeq =331.3 mm, zbu=166.3 mm
compression force refering to the tension force in the bolt-rows:

N'b,c = (Nd'Zbo + Md) / Z = 966.04 kN, Z = Zeq =331.3 mm, Zbo = 165.0 mm

bc 5 FRd = ZFt.ep,Rd,i = 1028.3 kN, FEd = N'b,t = 966.04 kN
FEd=966.0kN < FRa=1028.3 kN = U=0.939 < 1 ok
bc 7. flange: FRd = Fef,Rd = 1475.9 KN, FEd = N'b,c = 966.04 kN
FEd=966.0kN < FRd=14759kN = U=0655 < 1 ok
bc 8: FRd = EFtwb,Rd,i = 1302.1 kN, Fed = N'b,t = 966.04 kN
FEd=966.0kN < FRd=1302.1 kN = U=0.742 < 1 ok
bc 10: FRrd = £0.95-FtRd,i= 1410.0 KN, FEd = N'b,t = 966.04 kN
FEd=966.0kN < FRa=1410.0kN = U=0.685 < 1 ok
bc 11: FRrd = Fy,Rd = 603.2 kN (without shear in tension), Fed = IVdl = 180.00 kN
Fed=180.0kN < FRa=6032kN = U=0298 < 1 ok
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bc 12: FRrd = Fb,Rd = 1555.2 KN, Fed =IVdl = 180.00 kN
FEd=180.0kN < FRd=15552kN = U=0.116 < 1 ok

utilization partial internal forces and moments Ubc = 0.939 < 1 ok

5.4 3. verification of welds at beam section

weld 1: beam flange in tension outer welds 2,3: beam flange in tension inner
welds 4,5: beam web double-sided
weld 8: beam flange in compression outer welds 6,7: beam flange in compression inner

weld 4: NA-DE: plate thickness tmax = 3 mm: weld thickness a = 4.0 mm < amin = tmax?2 - 0.5 = 4.50 mm EC 3-requirement !!
calculation section:

1 1 0
s weldl: aw=90mm I =300.0mm
weld2: aw=9.0mm lw =118.0 mm
weld 3: see weld 2
weld4: aw=4.0mm lw =261.0 mm
y ‘ weld 5: see weld 4
'_‘mb weld8: aw=9.0mm lw = 118.0 mm
z weld 7. seeweldB
weld 8: aw=9.0mm lw =300.0 mm
1
1 B 0 SN 0 1
b 2 i 1

1 8 0

design values refering to centroid of the section:

My,Ed = -320.00 kKNm, VzEd = 180.00 kN

cross-sectional properties refering to centroid of the line cross-section:
TAw =117.36 cm?, Aw,z=20.88 cm?, Zlw=159.4cm

lw,y = 28260.50 cm?, lw,z = 8065.90 cm#*, Azw =0.0 mm
distribution of internal forces and moments:

weld 1:  Nw =5835.02 kN

weld2: Nw=189.40 kN

weld 3: see weld 2

weld 40 Myw =-6.71 kKNm

weld 5: see weld 4

weld 8:  Nw=-189.40 kN

weld7: seeweld6

weld 8.  Nw =-535.02 kN

from conventionel distribution of shear force: Vzw = 180.00 kN

verifications in weld edges:
70% decrease of stress by pressure contact

weld 1, pt.0: owx=198.16 N/mm?2 = Uy=0778 < 1 ok
weld 2, pt.0: owx=178.34 N/mm?2 = Uy=0701 < 1 ok
weld 4, pt.0: owx=147.77 N/'mm2 1wz =86.21 N/mm? = Uy=0713 < 1 ok

pt. 1.  owx=-44.33 N/mm2 w,z = 86.21 N/mm?2 = Uw=0450 < 1 ok
weld 8, pt.0: owx=-53.50 N/mm2 = Uy=0210 < 1 ok
weld 8, pt.0:  owx=-59.45 N/mm? = Uy=0234 < 1 ok
Result:

weld 1, pt.0: owx=198.16 N/mm?2
Max: o1,w,Ed = 280.24 N/'mm?2 < fiw,d = 360.00 N/mm?,
o2wEd = 140.12 N'mm?2 < fow,d =259.20 N'mm?2 = Uw=0.778 < 1 ok

5.4 .4, verification result

maximum utilization: max U =0.939 < 1 ok

5.5. rotational stifiness

stiffness coefficients

equivalent stiffness coefficient for 2 tension-bolt-rows:

1. ks =79.57 mm, k10 =570 mm = Keff,1 =1/ Z(1/ki,1) = 8.857 mm
2. ks =8940 mm, kio0=5.70 mm = keff2 =1/ X(1/ki2) = 9.080 mm
equivalent internal lever arm zeq = Z(keff,rrhr?) / Z(Keff,r-hr) = 338.19 mm
aquivalenter stiffness coefficient keq = Z(Keff,r-hr) / Zeq = 17.536 mm
rotational stiffness

initial rotational stiffness: Sjini = (E-z2) / =(1/ki) = 421190.6 kNm/rad, z = Zeq = 338.2 mm, X(1/ki) = 0.057 mm-1
IMj,Edl = 320.00 kNm > 2/3 Mj,Rd =227.07 kNm = n=3.0

rotational stiffness: Sj,Rd = Sj,ini / p = 140396.9 kNm/rad

rotation: ¢j,Ed = Mj,Ed / Sj,Rd = 0.131°
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