POS. 3: BAUFORUM STEEL, 3.5

frame corner EC 3-1-8 (04.25), NA: Deutschland 4H-EC3RE version: 2/2020-2q

1. input report
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steel grade

steel grade S235

column parameters

section IPE550

reinforcement of the section with transverse stiffeners (web stiffeners, dst = 523.6 mm):
thickness tst = 20.0 mm, width bst = 95.0 mm, length Ist =515.6 mm
recess at stiffeners cst = 36.0 mm
welds ast,f = 8.0 mm, ast,w = 5.0 mm

cap plate tk = 20.0 mm (structurally effective)

bolts
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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
packing (flange reinforcement): thickness top = 15.0 mm, width bbp = 96.0 mm, length lep = 96.0 mm
beam parameters
section IPE550
slope angle of section about the horizontal axis ab = 5.00° = section depth at the joint loc. hb = h/cos(ab) = 552.1 mm
verification parameters
bolted end-plate connection
thickness tp = 20.0 mm, width bp =210.0 mm, length Ip =592.1 mm
projections hp,o = 0.0 mm, hp,u =40.0 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)
bolt groups generated automatically, considering all groups reg. row 1
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 =67.3 mm
centre distance of the last bolt-row to the bottom edge of the end-plate (end row) ey = 106.8 mm
centre distance of the first bolt-row to the free edge of the column (end row) e1’ =67.3 mm
centre distance of the bolt-rows from each other p1-2 =60.0 mm, p2-3 =358.0 mm
welds at the connection point:
beam flange top: fillet weld, weld thickness a = 8.0 mm, angle ¢ = 85°
beam web: fillet weld, weld thickness a = 6.0 mm
beam flange below: fillet weld, weld thickness a = 8.0 mm, angle ¢ = 95°
internal forces and moments in the intersection point of system axes
Lc 1: Ek 4 (right frame corner)

Njb,Ed = -58.30 kN M,jb,Ed = -292.00 kNm Vjb,ed = 103.30 kN M2 Mot

Nj,c1,Ed = -107.99 KN Mj,c1,ed = -292.00 KNm Vj,e1,ed = -49.07 kN (calculated) b2 'é\sz l—l}’ Nos
Lc2: Ek5 (left frame corner) Vet i

Njb,Ed = -3.00 kN Mjb,Ed = 52.20 KNm Vjb,Ed =-3.80 kN c‘\l/

Nj,c1,Ed = 3.52 KN Mij,c1,Ed = 52.20 KNm Vjc1,Ed = -3.32 KN (calculated) Net

Lc3: Ek2 (right frame corner)
Njb,Ed = -61.00 kKN Mj,b,Ed = -281.70 kKNm Vjb,ed = 117.00 kN
Nj,c1,Ed = -121.87 KN Mj,c1,ed = -281.70 KNm Vj,¢1,ed = -50.57 kN (calculated)
partial safety factors for material
resistance of cross-sections ymo = 1.00
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
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.
welds are not regarded by calculation the T-stub resistance.
local resistance of weld is not respected.
no verification of web stiffeners.
plated structures- and shear buckling is not investigated.
calculation of T-stub-resistance with the standard method.

check of data

ok
distances between bolts at end-plate
horizontal: e2=45.0mm > 1.2:do=31.2 mm, e2 =450 mm < 4t + 40 mm = 108.8 mm

horizontal: p2=120.0 mm >2.4do=624 mm, pz2=120.0 mm < min(14t, 200 mm) =200.0 mm
top-below: e1=67.3mm>1.2:.do=31.2 mm, e1 =673 mm<4t+40 mm=108.8 mm
top-below: e1=67.3mm>1.2:.do=31.2 mm, e1 =673 mm<4t+40 mm=108.8 mm
top-below: p1=60.0mm >2.2:do =57.2 mm, p1=60.0 mm < min(14, 200 mm) = 200.0 mm
top-below: p1=358.0mm=>22.do=57.2mm, p1=358.0mm > min(14t, 200 mm) =200.0 mm !!
top-below: e1=1068mm=>12do=31.2mm, e1=106.8mm <4t +40mm=108.8mm

bolt distance from column edge

horizontal: e2=45.0mm > 1.2:do=31.2 mm, e2 =450 mm < 4t + 40 mm = 108.8 mm
maximum values for spacings and edge distances should be in order to avoid local buckling and to prevent corrosion.
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2. table of results

utilization/rotation

Lc Um Uy Uwp Ubw Uep Usb U] Sj,‘in‘i Sj Pj
- - --- --- --- --- --- -=- | === | MNm/rad MNm/rad °
1 1k, 0.249 0.696 0.147 0.081 0.716| 1.139*% 117.3 27.6  0.520
2 0.282 0.004 0.131 0.005 0.003 0.136| 0.282 85.4 85.4 0.034
3 1.073  0.281 0.656 0.166 0.092 0.680| 1.073!| 117.3 32.4  0.417

Um: utilization due to bending; Uy: utilization due to shear/bearing resistance; Uwp: utilization due to shear in column web
Ubw: utilization due to shear in beam web; Uep: utilization due to shear in end-plate; Usb: utilization due to weld

U: utilization of the connection; Sjini: initial rotational stiffness; Sj: rotational stiffness

¢j: rotation

*) maximum utilization

3. final result

maximum utilization [Le 1]: max U=1.139 > 1 not ok !!
minimum rotational stiffness: min Sj=27.6 MNm/rad, Sjini=117.3 MNm/rad, ¢j=0.520°

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 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

5. Lc 1 (decisive)

5.1. design values

intersectional forces and periphery connection-sided 1 to connection plane partial internal forces
moments v mMcz . chmMCQ and moments
N V] c2 M]b 2 | - Np,t b
b2 ——* —T _I_._ap 0
J \AN/\‘); e v Vew | 1= Nb.
( Vj b Q ﬁl Vb‘w
M2 Y ‘ =
VC1 —_— oW g
*‘N,c UMc | J‘ﬁh.c-Nbc
INg
slope angle: ob = av = o = 5.00°
distances: e1=275.0mm, e3=267.4mm, e2=243.4mm, es =523.6 mm

internal forces and moments perpendicular to the connection planes
periphery beam

Nd = 49.07 kN, Mg =263.48 kNm, Vg4 =107.99 kN

periphery column (below, calculated)

Nc =107.99 kN, Mc=280.06 kNm, Vc=49.07 kN

partial internal forces and moments

internal forces and moments in the periphery end-plate-beam: M'd = Md + Nd-tp-tan(x) - Vdtp = 261.41 kNm
Nb,t = (-Nd-Zbu/zb + M'd/zb) / cos(ab) = 466.00 kN, zb =534.8 mm, zpu =267.4 mm

Nb,c = (Nd'Zbo/Zb + M'd/zb) / cos(ab) = 515.27 kN, zb =534.8 mm, Zpo =267.4 mm

Vb,t = -Nb,t:sin(ow) = -40.61 kN, Vb,c = Nb,c-sin(ab) = 44.91 kN, Vb,w = Vd - Vbt - Vb,c = 103.69 kN
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5.2. connection capacity

transformation parameter: pj=1.00

5.2.1. moment resistance
distance of tension-bolt-rows from centre of compression: h1 =476.2 mm, h2=416.2 mm

resistance per bolt-row (tension)

row 1: Fir,rd = 376.9 kN

row 2: Fir,rd = 97.0 kN
SFtrrd" = 473.9 kN

resistance per bolt-row (bending)
row 1: Fir,rd = 376.9 kN
row 2: Fir,rd = 97.0 kN
EFtr,Rd = 473.9 kN
potential failure by basic component 3, 4, 5

resistance of flanges (compression)
TFc,Rd" = 1613.6 kN

moment resistance

M;j,Rd = Z(Ftr,Ra-hr) = 219.9 kNm
tension resistance

NjtRd = ZFtr,Rd" = 473.9 kN
compression resistance

Nij,c,Rd = ZFc,Rd" = 1613.6 kN

5.2.2. shear/bearing resistance

resistance per bolt-row (shear/bearing resistance)
row 3: Fvr,Rd = 434.3 kN
ZFvr,Rd = 434.3 kN

shear/bearing resistance
Vj,Rd = ZFvr,Rd = 434.3 kN
5.2.3. shear resistance

shear resistance of end plate
end-plate: Vep,Rd =1274.20 kN

shear resistance of the beam web
beam web: Vbw,Rd=707.18 kN

shear resistance of column web

pr,Rd =806.80 kN

5.2.4. total

MjRd = 219.9 kNm Njt,Rd = 473.9 kN Njc,Rd=1613.86 KN VjRd =434.3 KN Vwp,Rd = 806.8 KN Vep,Rd = 1274.2 kN
Vbw,Rd = 707.2 kN

5.3. verifications

5.3.1. verification of the connection capacity by means of the component method

axial force: Nb,Ed = INd-cos(at) + Va'sin(o)l = 58.30 kN < 5%Npl,Rd = 158.52 kN = moment resistance
internal moment: MEed = Md - Nd-zbu = 250.45 kNm, zbu = 265.7 mm

shear force: VEd = IVal = 107.99 kN

shear force: Vew,Ed = (Md1-Ma2)/z - Vo/2 = 561.51 kN, z = 449.6 mm

shear force: Vb,w,Ed = 103.69 kN

Med/Mjrd =1.139 > 1 not ok !l
VEd/Vjrd =0.249 < 1 ok
Vc,w‘Ed’Jpr‘Hd: 0696 < 1 ok
Vb,w,Ed/Vbw,Rd = 0.147 < 1 ok
Vb,w,Ed/Vep,Rd = 0.081 < 1 ok
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5.3.2. 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

calculation section:

weld1: aw=8.0mm lw=210.0 mm
weld2: aw=8.0mm lw =754 mm
weld 3: seeweld 2

weld4: aw=6.0mm lw = 469.6 mm
weld 5. seeweld 4

weld6: aw=8.0mm lw =754 mm
weld 7. seeweld6
weld 8 aw=8.0mm lw=210.0 mm

design values refering to centroid of the section:

NEd = -49.07 kN, Myd = -263.48 kNm, VzEd = 107.99 kN
cross-sectional properties refering to centroid of the line cross-section:
TAw = 114.09 cm?, Aw,z=56.35cm?, Zlw =166.1 cm

lwy =52127.42 cm?, lw,z = 2459.43 cm#*, Azw=0.0 mm

verifications in weld edges:

weld 1, pt.0:  owx=135.23 N/mm? = Uw=0531 < 1 ok
weld 2, pt.0:  owx=126.50 N/mm? = Uw=0497 < 1 ok
weld4, pt.0: owx=114.37 N/mm? w,z = 19.16 N/mm? = Uwv=0459 < 1 ok

pt. 1.  owx=-122.98 N/mm2 1wz=19.16 N/mm?2 = Uy=0492 < 1 ok
weld 8, pt.0: owx=-135.11 N/mm?2 = Uw=0531 < 1 ok
weld 8, pt.0: owx=-143.83 N/mm2 = Uw=0565 < 1 ok
Result:

weld 8, pt.0: owx=-143.83 N/mm2
Max: o1,w,Ed = 203.41 N/mm?2 < fiw,d = 360.00 N/mm?,
o2wEd = 101.71 N'mm?2 < fow,d =259.20 NN'mm?2 = Uw=0.565 < 1 ok

verification of deflection forces (directional method)

welds tension flange

tension force Np,t = 466.0 kN

weld angle ¢ = 85.0°:

o1,w,Ed = 233.2 N/mm? < fiw,d =360.0 N/mm? = U=0.648 < 1 ok
o2,w,Ed = 109.0 N/mm? < fow,d=259.2 N/mm? = U=0.421 < 1 ok
weld angle ¢ = 95.0°:

o1,w,Ed = 223.2 N/mm? < fiw,d =360.0 N/mm? = U=0.620 < 1 ok
c2w,Ed = 119.0 N/'mm?2 < fow,d =259.2 NNmm2 = U=0459 < 1 ok
welds compression flange

compression force Nb,c = 515.3 kN

weld angle ¢ = 95.0°:

o1,w,Ed = 246.8 N/mm? < fiw,d =360.0 N/mm? = U=0.686 < 1 ok
o2w,Ed = 1316 N/mm? < fowd=259.2 N/mm? = U=0.508 < 1 ok
weld angle ¢ = 85.0°:

o1,w,Ed = 257.8 N/mm? < fiw,d =360.0 N/mm? = U=0.716 < 1 ok
o2,w,Ed = 1206 N/mm? < fowd=259.2 N/mm? = U=0.465 < 1 ok

5.3.3. verification result

maximum utilization: max U=1.139 > 1 not ok !!
failure at verification of bending: U = 1.139

5.4, rotational stifiness

stiffness coefficients

equivalent stiffness coefficient for 2 tension-bolt-rows:

1: ks =360 mm, ks =22.64 mm, ks =18.20 mm = Kkeff,1 =1/ Z(1/ki,1) = 2.653 mm
2:ksa=328 mm, ka=20682 mm, ks =16.42 mm = keffi,i2=1/Z(1/ki,2) =2.413 mm
equivalent internal lever arm zeq = Z(Keff,r-hr?) / Z(keff,r-hr) = 449.60 mm

equivalent stiffness coefficient keq = Z(keff,rhr) / Zeqg =5.043 mm

ki =0.38-Ave/ (B:z) =6.11 mm

k2 = = (stiffened)

rotational stiffness

initial rotational stiffness: Sjini = (E-z2) / £(1/ki) = 117308.2 kNm/rad, z = Zeq = 449.6 mm, Z(1/kj) = 0.362 mm-!
INp,Edl = 58.30 kN < 5%-Npl,Rd = 158.52 kN ok

IMjEdl = 250.45 kNm > 2/3 MjRd = 146.57 kNm = p=((1.5MjEd)/ MjRd)¥ =4.248, ¥=2.7
rotational stiffness: SjRrd = Sj,ini / 1 =27612.7 kNm/rad
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rotation: ¢j,Ed = Mj,Ed / Sj,Rd = 0.520°
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