POS. 33: RE / BOLTED

bracket EC 3-1-8 (12.10), NA: Deutschland 4H-EC38SK version: 6/2025-1b
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steel grade

steel grade S235, calculation parameters:
char. yield strength fy,t<40mm = 235.0 N/mm?, fyt<somm = 215.0 N'mm?, fy,t-80mm = 215.0 N/mm?
char. tensile strength fu,t<40mm = 360.0 N/mm?, fut<80omm = 360.0 N/mm2, fu,t-80mm = 360.0 N/mm?
correlation value of fillet weld pw = 0.80
elastic modulus E =210000.0 N/mm?
column parameters
section IPE120
overall depth h = 120.0 mm, web thickness tw = 4.4 mm
flange width bi = 64.0 mm, flange thickness tt = 6.3 mm, gewalzt with r = 7.0 mm
rolled section, root radius r=7.0 mm
clear depth of web without root/weld dw = 93.4 mm
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width of one flange side without root/weld cf = 22.8 mm
centroid distance from top zs = 60.0 mm
cross-sectional area A = 13.21 cm?, perimeter U = 47.52 cm
second moments of area ly = 317.75 cm#, |2 = 27.66 cm#
plastic section moduli Wpl,y = 60.72 cm?, Wpl,z = 13.57 cm?
effective shear arean Avy = 8.06 cm?, Avz =6.31 cm?
torsional moment of inertia It = 1.81 cm#
reinforcement of the section with transverse stiffeners (web stiffeners, dst = 113.7 mm):
thickness tst = 8.0 mm, width bst =29.8 mm, length Ist = 107.4 mm
recess at stiffeners cst = 10.5 mm
welds astf = 4.0 mm, ast,w = 4.0 mm
beam parameters
section IPE120
overall depth h = 120.0 mm, web thickness tw = 4.4 mm
flange width bi = 64.0 mm, flange thickness tt = 6.3 mm, gewalzt with r = 7.0 mm
rolled section, root radius r=7.0 mm
clear depth of web without root/weld dw = 93.4 mm
width of one flange side without root/weld cf = 22.8 mm
centroid distance from top zs = 60.0 mm
cross-sectional area A = 13.21 cm?, perimeter U = 47.52 cm
second moments of area ly = 317.75 cm#, |2 = 27.66 cm#
plastic section moduli Wpl,y = 60.72 cm?, Wpl,z = 13.57 cm?
effective shear arean Avy = 8.06 cm?, Avz =6.31 cm?
torsional moment of inertia It = 1.81 cm#
bolts
bolt class 8.8
calculation parameters:
char. yield strength fyb = 640.0 N/mm?
char. tensile strength fub = 800.0 N/mm?
bolt size M8
large wrench size (high strength bolt), preloaded (for info: preloading Fp,c* = 0.7-fyb-As = 16.4 kN)
normal clearance
calculation parameters:
shaft diameter d = 8.0 mm, clearance Ad =1.0 mm = hole diameter do = 9.0 mm
gross cross-section area A = 0.503 cm?
tensile stress area As = 0.366 cm?
diameter of the bolt head (across flats dimension) ds = 13.00 mm
diameter of the bolt head (across points dimension) de = 14.20 mm
thickness of the bolt head tk = 5.3 mm
thickness of nut tm = 7.9 mm
diameter of the plate under the bolt or the nut dp = 16.0 mm
thickness of the plate under the bolt or the nut tp = 1.6 mm
washer double-sided
shear plane passes through the unthreaded portion of the bolt
welds
beam flange top: fillet weld, weld thickness a = 4.0 mm
beam web: fillet weld, weld thickness a = 3.0 mm
beam flange below: fillet weld, weld thickness a = 4.0 mm
75% of compressive stress is transfered by contact
parameters of the connection
bolted end-plate connection
end-plate thickness tp = 10.0 mm, width bp = 60.0 mm, length lp = 140.0 mm
projections hp,o = 10.0 mm, hp,u =10.0 mm
bolts:
2 bolt-rows with 2 bolts
centre distance of the bolts to the lateral edge of the end-plate e2 = 14.0 mm
centre distance of the first bolt-row to the upper edge of the end-plate (end row) eo = 40.0 mm
centre distance of the last bolt-row to the bottom edge of the end-plate (end row) ey = 40.0 mm
centre distance of the bolt-rows from each other p1-2 =60.0 mm
distance of transverse loading Aa = 130.0 mm
verification of fatigue:
damage equivalent stress factors is = 1.000, A = 1.000
calculation of resistances
verification of bracket-column connection, limit state of resistance (ULS)
fatigue design of the connection and of bracket cross-section, limit state of fatigue (FLS)

internal forces and moments in the intersection point of system axes (ULS) Ne2
Lc Mj.b1,Ed Vj.bl,Ed
- KN kN Mol Vez WC
1 | -8.00  40.00 Mol o i
Mijb1,Ed,Vjb1 Ed: internal forces at node (}—/ﬂ Ve
Nc:1
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internal forces and moments in the intersection point of system axes (FLS)

Lc Mj.b1,Ed Vj.bl,Ed

- KNm kN I e

1 -1.00 5.00 i E?’“”
2 -3.00 15.00 Vi

Mjb1,Ed,Vijb1.Ed: internal forces at node

partial safety factors for material (ULS)

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

material safety factor (FLS)

design concept: damage tolerance, damage consequence: high = fatigue strength ymf=1.15

2. verifications

2.1. connection to column (ULS)

conversion internal forces at node -> bracket loads

moment error AMEd = Mj,b,Ed+FEd-Aa-Hed-Ah with Aa = 200.0 mm, Ah =60.0 mm
F1,ed = 40.00 kN

Rigid beam connection EC 3-1-8 (12.10), NA: Deutschland

2.1.1. input report
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steel grade
steel grade S235, calculation parameters:
char. yield strength fy,t<40mm = 235.0 N/mm?, fyt<somm = 215.0 N'mm?, fy,t-80mm = 215.0 N/mm?
char. tensile strength fu,t<40mm = 360.0 N/mm?, fut<80omm = 360.0 N/mm2, fu,t-80mm = 360.0 N/mm?
correlation value of fillet weld pw = 0.80
elastic modulus E =210000.0 N/mm?
column parameters
section IPE120
overall depth h = 120.0 mm, web thickness tw = 4.4 mm
flange width bi = 64.0 mm, flange thickness tt = 6.3 mm, gewalzt with r = 7.0 mm
rolled section, root radius r=7.0 mm
clear depth of web without root/weld dw = 93.4 mm
width of one flange side without root/weld cf = 22.8 mm
centroid distance from top zs = 60.0 mm
cross-sectional area A = 13.21 cm?, perimeter U = 47.52 cm
second moments of area ly = 317.75 cm#, |2 = 27.66 cm#
plastic section moduli Wpl,y = 60.72 cm?, Wpl,z = 13.57 cm?
effective shear arean Avy = 8.06 cm?, Avz =6.31 cm?
torsional moment of inertia It = 1.81 cm#
reinforcement of the section with transverse stiffeners (web stiffeners, dst = 113.7 mm):
thickness tst = 8.0 mm, width bst =29.8 mm, length Ist = 107.4 mm
recess at stiffeners cst = 10.5 mm
welds astf = 4.0 mm, ast,w = 4.0 mm
bolts
bolt class 8.8
calculation parameters:
char. yield strength fyb = 640.0 N/mm?
char. tensile strength fub = 800.0 N/mm?
bolt size M8
large wrench size (high strength bolt), preloaded (for info: preloading Fp,c* = 0.7-fyb-As = 16.4 kN)
normal clearance
calculation parameters:
shaft diameter d = 8.0 mm, clearance Ad =1.0 mm = hole diameter do = 9.0 mm
gross cross-section area A = 0.503 cm?
tensile stress area As = 0.366 cm?
diameter of the bolt head (across flats dimension) ds = 13.00 mm
diameter of the bolt head (across points dimension) de = 14.20 mm
thickness of the bolt head tk = 5.3 mm
thickness of nut tm = 7.9 mm
diameter of the plate under the bolt or the nut dp = 16.0 mm
thickness of the plate under the bolt or the nut tp = 1.6 mm
washer double-sided
shear plane passes through the unthreaded portion of the bolt
beam parameters
section IPE120
overall depth h = 120.0 mm, web thickness tw = 4.4 mm
flange width bi = 64.0 mm, flange thickness tt = 6.3 mm, gewalzt with r = 7.0 mm
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rolled section, root radius r=7.0 mm
clear depth of web without root/weld dw = 93.4 mm
width of one flange side without root/weld cf = 22.8 mm
centroid distance from top zs = 60.0 mm
cross-sectional area A = 13.21 cm?, perimeter U = 47.52 cm
second moments of area ly = 317.75 cm#, |2 = 27.66 cm#
plastic section moduli Wpl,y = 60.72 cm?, Wpl,z = 13.57 cm?
effective shear arean Avy = 8.06 cm?, Avz =6.31 cm?
torsional moment of inertia It = 1.81 cm#
verification parameters
bolted end-plate connection
thickness tp = 10.0 mm, width bp =60.0 mm, length Ip = 140.0 mm
projections hp,o = 10.0 mm, hp,u =10.0 mm
bolts in connection:
2 bolt-rows with 2 bolts
all bolt-rows considered individually
all bolt-rows for shear transfer (rows 1-2)
bolt groups generated automatically, considering all groups reg. row 1
centre distance of the bolts to the lateral edge of the end-plate e2 = 14.0 mm
centre distance of the first bolt-row to the upper edge of the end-plate (end row) eo = 40.0 mm
centre distance of the last bolt-row to the bottom edge of the end-plate (end row) ey = 40.0 mm
centre distance of the bolt-rows from each other p1-2 =60.0 mm
welds at the connection point:
beam flange top: fillet weld, weld thickness a = 4.0 mm
beam web: fillet weld, weld thickness a = 3.0 mm
beam flange below: fillet weld, weld thickness a = 4.0 mm
75% of compressive stress is transfered by contact

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

Lc1: Mjb,Ed =-8.00 KNm Vjb,Ed =40.00 kN

partial safety factors for material MCT Ve Mo

resistance of cross-sections ymo = 1.00 Mmlv—} Nb
¢l

resistance of members in stability failure ym1 =1.10 Vi
resistance of bolts, welds, plates in bearing ymz = 1.25 \l/

prestressing of high strength bolts ym7 = 1.10 Net
note
connection is verified due to EC 3-1-8 regardless of preloading.
however, connections may be constructed with prestressed high strength bolts.
check of data
ok
check bolt distances to column web (Aewec =-1.2 mm < Q) !!
distances between bolts at end-plate
horizontal: e2=14.0mm > 1.2:do=10.8 mm, e2=14.0mm <4t + 40 mm =65.2 mm
horizontal: p2=32.0 mm >2.4.do=216 mm, pz = 32.0 mm < min(14t, 200 mm) = 88.2 mm
top-below: e1=40.0mm > 1.2:do=10.8 mm, e1=40.0 mm <4t + 40 mm =652 mm
top-below: p1=60.0mm >2.2:do=19.8 mm, p1=60.0 mm < min(14t, 200 mm) = 88.2 mm
top-below: e1=40.0mm > 1.2:do=10.8 mm, e1=40.0 mm <4t + 40 mm =652 mm
bolt distance from column edge
horizontal: e2=16.0mm > 1.2:do=10.8 mm, e2=16.0 mm <4t + 40 mm =65.2 mm
21.2.Le1
2.1.2.1. design values
internal forces at noperiphery connectionl zur connection plane partial internal forces and moments
1Njc2 Nezl Meo Nezl M, ) \
Viez 1M . — ¥, L ——
N“;. J F hez p2 |7ch —| - bz \|;d\2/°2 V—| T Ub Vcwf '—Pth °
/‘ Npz{=/ Lo, \5’ Nd?_@l dl..;ﬂd l|
Mi b2 /M] b Mp2 Vb2 MdZ\ g | o Mg e, € Vo,w /f:;:t'.!_
Vi, M VJ b A €7 N < ey v, Np ct?"/ Y
M;, C%/ Vie l'lvé\':::l Ve L iy rué‘xlzl Ve L:i?:’}_v L—C‘r .Td_Ni"
Nie N es\ A :
[Ng Ng & €a
sign definition of statics: a positive axial force means tension, a positive bending moment produces tension at the bottom
= transformation to EC3: a positive axial force means compression, a positive bending moment produces tension at the top
slope angle: ab=a=ov=0°

distance: e1=60.0 mm, e3=56.8 mm, e2=56.8 mm, es=113.7 mm

internal forces and moments in the intersection point of system axes (input beam)
Mi,b,Ed = -8.00 kNm, Vjb,Ed = 40.00 kN
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transformation sign convention of statics -> sign convention of EC3
Mi,b,Ed = 8.00 KNm, Vj,b,Ed = 40.00 kN

transformation node values -> joint values
Mb,Ed = 5.60 kNm, Vb,Ed = 40.00 kN

transformation joint values -> design values
Md =5.60 kNm, Vd=40.00 kN

internal forces and moments perpendicular to the connection planes
periphery beam
Md =5.60 kNm, Vd=40.00 kN

partial internal forces and moments
internal forces and moments in the periphery end-plate-beam: M'd = Md - Vd-tp = 5.20 kNm
Nb,t = -Nd-zbu/zb + M'd/zb = 45.73 kN, zb=113.7 mm, zbu =56.9 mm
Nb,c = Nd'zbo/zb + M'd/zb = 45.73 kN, zb =113.7 mm, zbo = 56.9 mm
Vb,t = -Nb,t:sin(ob) = 0.00 kN, Vb,c = Nb,c-sin(aw) = 0.00 kN, Vb,w = Vd - Vb,t - Vb,c = 40.00 kN

2.1.2.2. resistance of cross-section in the periphery

plastic verification for My =-5.20 kNm, Vz = 40.00 kN
valid normal/shear stress: ox,Rd = 235.0 N/mm?2, trd = 135.7 N/mm?2
top flange:  resistance forces Nmax,0 = 94.75 kN, Nmin,0 = -94.75 kN
bottom flange: resistance forces Nmax,u = 94.75 kN, Nmin,u = -94.75 kN
web: shear force Vs = 40.00 kN, shearspg. s = 79.96 N/mm2 = U, s = 0.589
resistance forces Nmax,s = 94.98 kN, Nmin,s = -94.98 kN
main bending: My = -5.20 kNm, resistance moments My,max = 13.47 kNm, My,min = -13.47 kNm = Uwmy = 0.386
total (possibly due to load increase): max U =0.592 < 1 ok

c/t-ratio reg. section class 3:
outstand flange: utilization Uet = 0.165 < 1 ok
internal compression parts; utilization Ueit = 0.098 < 1 ok
total: utilization Ut =0.165 < 1 ok

2.1.2.3. basic components
end-plate joint: basic components: 1, 2, 3, 4, 5, 7, 8, 10, 11, 12

2.1.2.3.1. bc 1: Column web panel in shear

transformation parameter (EC 3-1-8, 5.3(9)) Bj = 1.00 <2 for Mj1 = 8.00 kNm (Mj2 = 0)

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

slenderness of column web dc/twe =21.23 < 89¢=69.00, ¢ = 1.00 = method applicable
shear area
shear area Av =6.31 cm?
plastic shear resistance
plastic shear resistance without stiffeners Vwp,Rd = (0.9-fyw-Av) / (3V2-ym0) = 77.0 kN
placing of intermediate web stiffeners:
plastic section modulus of a column flange Wpi e = bictic?/4 = 0.64 cm?
plastic section modulus of a web stiffener Wpl,st = 2-bsttst?/4 = 0.95 cm?
plastic moment resistance of column flange Mpifc,Rd = (Wplfefy,c) / ymo = 0.15 KNm
plastic moment resistance of the web stiffener Mpi,st,Rd = (Wpl,st-fy,st) / ymo = 0.22 kNm
additional resistance Vwp,add,Rd = 4-Mpl,fc,Rd/dst = 5.3 kN < 2-(Mpl,fc,Rd+Mpl,et,Rd)/dst = 6.6 KN ok
plastic shear resistance with transverse stiffeners Vwp,Rd = 82.2 kN
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2.1.2.3.2. bc 2: column web in transverse compression

transformation parameter (EC 3-1-8, 5.3(9)) Bj = 1.00 <2 for Mj1 = 8.00 kNm (Mj2 = 0)

Only the essential sizes are sketched to scale.

The connection geometry is only hinted.
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resistance without transverse stiffeners
effective width
effective width of column web in transverse compression beff,c = tib + 2:212-ap + 5:(tf,c+Sc) + Sp = 98.5 mm,
ap=4.0mm, s¢=7.0mm, sp=14.3 mm
longitudinal compressive stress in web
reduction factor kw = 1.0 (ocom,ed = 0)
plate buckling
plate slenderness ip = 0.932:[(beff,c-dw-fy) / (Etw?)]72 = 0.679, E =210000 N/mm?
reduction factor for web buckling p = 1
shear area
shear area Ay = 6.31 cm?
interaction with shear stress
reduction factor for interaction with shearstressp=1 = o =®1=0.787
with @1 =1/[1 + 1.3-(befrtw/Av)2]12 = 0.787
resistance of web in transverse compression
Few,Rd = @ - (kwbeff,ctwfy,w) / ymo = 80.14 kN, fy,w = 235.0 N/mm?
Few,Rd = @ « (Kw pbeff,ctwfyw) / ym1 = 72.86 kN (decisive)
reinforcement of web with transverse stiffeners:
assumption: stiffeners do not buckle:
section class 1 for o = 1.000, ¢/t = 3.73 (outstand flange) < 9.00.e =9.00 <3 ok
minimum demands of the moment of inertia of stiffeners
length of buckling field (distance of stiffeners) a = 113.7 mm
web height between the flanges hwe = de+2:s¢ = 107.4 mm
moment of inertia of stiffeners lst = (2-bst+twe)tst / 12 = 17.48 cm?
minimum moment of inertia for a/hwe = 1.06 <272 lst,min = 1.5:(hwetwe)?/ @2 = 1.22 cm# < lst ok
requirement concerning stiffeners to aviod lateral torsional buckling
torsional moment of inertia of stiffeners It ~ bettst?/ 3 = 0.51 cm4
polar moment of inertia of stiffeners Ip = bettst® / 12 + tst-bst®/ 12 = 1.89 cm?
IT/lp~0.269>0.006 =5.3fyst/Est ok
resistance of the stiffened webs with transverse compression
area of stiffeners incl. web Ast = (2:bst+twe)-tst = 5.12 cm?
radius of inertia of stiffeners i = (st / Ast)/2 = 18.5 mm
buckling length of stiffeners Ler = hwe = 107.4 mm
slenderness % = Ler / (i01) = 0.062 with i1 = n-(Est/fy,et)1/2 = 93.9
% £0.2 = no deduction (y =1.0)
design value of resistance of flexural buckling Fe,w,Rd = 3 Ast-fy,st / ym1 = 109.4 kN
maximum resistance
Fcw,Rd = 109.4 kN (resistance with transverse stiffeners)

resistance of the upper beam flange:
resistance without transverse stiffeners
effective width
effective width of column web in transverse compression beff,c = tib + 2:212-ap + 5:(tf,c+Sc) + Sp = 98.5 mm,
ap=4.0mm, s¢=7.0mm, sp=14.3 mm
longitudinal compressive stress in web
reduction factor kw = 1.0 (ocom,ed = 0)
plate buckling
plate slenderness ip = 0.932:[(beff,c-dw-fy) / (Etw?)]72 = 0.679, E =210000 N/mm?
reduction factor for web buckling p = 1
shear area
shear area Ay = 6.31 cm?
interaction with shear stress
reduction factor for interaction with shearstressp=1 = o =®1=0.787
with @1 =1/[1 + 1.3-(betrtw/Av)2]1/2 = 0.787
resistance of web in transverse compression
Few,Rd = @ - (kwbeff,ctwfy,w) / ymo = 80.14 kN, fy,w = 235.0 N/mm?
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Few,Rd = @ « (Kw pbeff,ctwfyw) / ym1 = 72.86 kN (decisive)

reinforcement of web with transverse stiffeners:
assumption: stiffeners do not buckle:
section class 1 for a = 1.000, c/t = 3.73 (outstand flange) < 9.00-c =9.00 <3 ok
minimum demands of the moment of inertia of stiffeners

length of buckling field (distance of stiffeners) a = 113.7 mm

web height between the flanges hwe = de+2:s¢ = 107.4 mm

moment of inertia of stiffeners lst = (2-bst+twe)tst / 12 = 17.48 cm?

minimum moment of inertia for a/hwe = 1.06 <272 lst,min = 1.5:(hwe'twe)?/ @2 = 1.22 cm# < lst ok
requirement concerning stiffeners to aviod lateral torsional buckling

torsional moment of inertia of stiffeners IT ~ bsttst®/ 3 = 0.51 cm?

polar moment of inertia of stiffeners Ip = bsttst®/ 12 + tst-bst®/ 12 = 1.89 cm*

It/ lp~0.269 > 0.006 = 5.3fyst/Est ok
resistance of the stiffened webs with transverse compression

area of stiffeners incl. web Ast = (2:bst+twe)-tst = 5.12 cm?

radius of inertia of stiffeners i = (st / Ast)/2 = 18.5 mm

buckling length of stiffeners Ler = hwe = 107.4 mm

slenderness % = Ler / (i01) = 0.062 with i1 = n-(Est/fy,et) 12 = 93.9

% £0.2 = no deduction (y =1.0)

design value of resistance of flexural buckling Fe,w,Rd = 3 Ast-fy,st / ym1 = 109.4 kN
maximum resistance

Fcw,Rd = 109.4 kN (resistance with transverse stiffeners)

2.1.2.3.3. bc 4: column flange in bending

Only the essential sizes are sketched to scale.
The connection geometry is only hinted.
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equivalent T-stub flange (each individual bolt-row):
here: number of bolt-rows np = 1

row 1
distance centre-line of the bolt to the stiffener m2 =183 mm >2m =164 mm = m2=0
distance centre-line of the bolt to the edge of flange e = 16.0 mm
distance centre-line of the bolt to the stub web m =8.2 mm
effective length of the T-stub flange (column flange)
(other) end bolt-row
leff,cp,a = 2-tm =515 mm (e1 =)
leff,nc,a = 4m+1.25-e =52.8 mm (e1 =)
in mode 1: Zleff,1 = leff,1 = min(leff,nc, leff,cp) =51.5 mm
in mode 2: Zleff,2 = leff,2 = leff,nc = 52.8 mm
tension resistance of the T-stub flange
n = min(emin,1.25-m) =10.3 mm, emin =14.0 mm, m=8.2 mm
resisting plastic moments:
in mode 1: Mpi,1,Rd = (0.25-Zleff,1-12-fy) / ymo = 0.12 kNm, tf=86.3 mm, fy = 235.0 N/mm?2, ymo = 1.00
in mode 2: Mpi,2,Rd = (0.25-Zleff,2ti2-fy) / ymo = 0.12 KNm
design value of tension resistance:
tension resistance of one bolt: Ft,Rd = (k2-fub'As) / ym2 =21.08 kN, k2 =0.90, fub = 800.0 N/mm?
in mode 3: ZFtRd = 2:nb-FtRd = 42.16 kN, np =1
prying forces always appear at preloaded bolts !
calculation with the alternative method
decisive diameter of the bolt dw = dp = 16.00 mm = ew = dw/4 = 4.0 mm
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)) = 94.28 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) = 36.77 kN
mode 3: bolt failure
FT,3,Rd = ZFt,Rd = 42.16 kN
tension resistance of the T-stub flange: F1,Rd = min(FT,1,Rd, FT,2,Rd, FT,3,Rd) = 36.77 kN
row 2
distance centre-line of the bolt to the stiffener m2 =183 mm >2m =164 mm = m2=0
distance centre-line of the bolt to the edge of flange e = 16.0 mm
distance centre-line of the bolt to the stub web m =8.2 mm
effective length of the T-stub flange (column flange)
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(other) end bolt-row
leff,cp,a = 2-tm =515 mm (e1 =)
leff,nc,a = 4m+1.25-e =52.8 mm (e1 =)
in mode 1: Zleff,1 = leff,1 = min(leff,nc, leff,cp) =51.5 mm
in mode 2: Zleff,2 = leff,2 = leff,nc = 52.8 mm
tension resistance of the T-stub flange
n = min(emin,1.25-m) =10.3 mm, emin =14.0 mm, m=8.2 mm
resisting plastic moments:
in mode 1: Mpi,1,Rd = (0.25-Zleff,1-12-fy) / ymo = 0.12 kNm, tf=86.3 mm, fy = 235.0 N/mm?2, ymo = 1.00
in mode 2: Mpi,2,Rd = (0.25-Zleff,2ti2-fy) / ymo = 0.12 KNm
design value of tension resistance:
tension resistance of one bolt: Ft,Rd = (k2-fub'As) / ym2 =21.08 kN, k2 =0.90, fub = 800.0 N/mm?
in mode 3: ZFtRd = 2:nb-FtRd = 42.16 kN, np =1
prying forces always appear at preloaded bolts !
calculation with the alternative method
decisive diameter of the bolt dw = dp = 16.00 mm = ew = dw/4 = 4.0 mm
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)) = 94.28 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) = 36.77 kN
mode 3: bolt failure
FT,3,Rd = ZFt,Rd = 42.16 kN
tension resistance of the T-stub flange: F1,Rd = min(FT,1,Rd, FT,2,Rd, FT,3,Rd) = 36.77 kN
resistances and effective lengths of column flange in bending (per bolt-row)
Ftfc,Rd,1 = 36.77 kN, leff,1 =51.5 mm
Ftfc,Rd,2 = 36.77 kN, leff,2 =51.5 mm

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

here: number of bolt-rows nb = 2 (between stiffeners)
row 1
distance centre-line of the bolt to the edge of flange e = 16.0 mm
distance centre-line of the bolt to the stub web m =8.2 mm
distance between bolt-rows p = 60.0 mm
distance centre-line of the bolt to the stiffener m2 =183 mm >2m =164 mm = m2=0
(other) end bolt-row
leff,cp,a = m'm+p = 85.8 mm (e1 = »)
leff,nc,a = 22m+0.625-e+0.5p = 56.4 mm (e1 = x)
row 2
distance centre-line of the bolt to the edge of flange e = 16.0 mm
distance centre-line of the bolt to the stub web m =8.2 mm
distance between bolt-rows p = 60.0 mm
distance centre-line of the bolt to the stiffener m2 =183 mm >2m =164 mm = m2=0
(other) end bolt-row
leff,cp,a = m'm+p = 85.8 mm (e1 =)
leff,nc,a = 22m+0.625-e+0.5p = 56.4 mm (e1 = x)
effective length of the T-stub flange (column flange)
in mode 1: Zleff,1 = min(Zleff,nc, Zleff,cp) = 112.8 mm, Zleff,cp = 171.5 mm
in mode 2: Zleff,2 = Zleff,nc = 112.8 mm
tension resistance of the T-stub flange
n = min(emin,1.25-m) =10.3 mm, emin =14.0 mm, m=8.2 mm
resisting plastic moments:
in mode 1+2: Mpl,Rd = (0.25 Zlef1i2-fy) / ymo = 0.26 kNm, tf = 8.3 mm, fy = 235.0 N/mm?2, ymo = 1.00
design value of tension resistance:
tension resistance of one bolt: Ft,Rd = (k2-fub'As) / ym2 =21.08 kN, k2 =0.90, fub = 800.0 N/mm?
in mode 3: ZFtRd = 2:nb-FtRd = 84.33 kN, np =2
prying forces always appear at preloaded bolts !
calculation with the alternative method
decisive diameter of the bolt dw = dp = 16.00 mm = ew = dw/4 = 4.0 mm
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)) = 206.40 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) = 75.36 kN
mode 3: bolt failure
F1,3,Rd = ZFt,Rd = 84.33 kN
tension resistance of the T-stub flange: F1,Rd = min(FT,1,Rd, FT,2,Rd, FT,3,Rd) = 75.36 kN

resistances and effective lengths of column flange in bending (per bolt group):
Fep,Rd,1-2 = 75.36 kN, Zleff = 112.8 mm, 2 rows
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2.1.2.3.4. bc 3: column web in transverse tension

transformation parameter (EC 3-1-8, 5.3(9)) Bj = 1.00 <2 for Mj1 = 8.00 kNm (Mj2 = 0)

—— Only the essential sizes are sketched to scale.
} " The connection geometry is only hinted.
2 BRI L

l“)‘—
—— 0

. 93& i -:63
each individual bolt-row:
row 1

effective width

effective width of column web in transverse tension beff,t = 51.5 mm (letf from bc 4)
shear area
shear area Ay = 6.31 cm?
interaction with shear stress
reduction factor for interaction with shear stressp=1 = o =w01=0.925
with @1 =1/[1 + 1.3-(befrtw/Av)2]1/2 = 0.925
resistance of a column web with transverse tension
Ftwe,Rd = o - (beff,ttwefy,we) / ymo = 49.3 kN, fy,we = 235.0 N/mm?
row 2
effective width
effective width of column web in transverse tension beff,t = 51.5 mm (letf from bc 4)
shear area
shear area Ay = 6.31 cm?
interaction with shear stress
reduction factor for interaction with shear stressp=1 = o =w01=0.925
with @1 =1/[1 + 1.3-(befrtw/Av)2]1/2 = 0.925
resistance of a column web with transverse tension
Ftwe,Rd = o - (beff,ttwefy,we) / ymo = 49.3 kN, fy,we = 235.0 N/mm?

group of bolt-rows, group 1:
effective width
effective width of column web in transverse tension befft = 112.8 mm (leff from bc 4)
shear area
shear area Av = 6.31 cm?
interaction with shear stress
reduction factor for interaction with shear stressp=1 = o =w01=0.744
with ©1=1/[1 + 1.3-(befttw/Av)2]1/2 = 0.744
resistance of a column web with transverse tension
Ftwe,Rd = o - (beff,ttwefy,we) / ymo = 86.8 kN, fy,we = 235.0 N/mm?

2.1.2.3.5. bc 5: end-plate in bending

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

part of end-plate between beam flanges

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

row 1
distance centre-line of the bolt to the stiffener mz2 = 19.2 mm
distance centre-line of the bolt to the edge of flange e = 14.0 mm
distance centre-line of the bolt to the stub web m =10.4 mm
effective length of the T-stub flange (end-plate)
inner bolt-row outside tension flange of beam
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coefficient for stiffened column flanges and end-plates:
input values A1 =m/ (m+e) =0.426, x2=m2/(m+e) =0.786 = a =5.74 (calculated)
leff,cp,si = 2:m'm = 65.4 mm
leff,nc,si = avm = 59.7 mm
in mode 1: Zleff,1 = leff,1 = min(leff,nc, leff,cp) = 59.7 mm
in mode 2: Zleff,2 = leff,2 = leff,nc = 59.7 mm
tension resistance of the T-stub flange
n = min(emin,1.25-m) = 13.0 mm, emin =14.0 mm, m =10.4 mm
resisting plastic moments:
in mode 1+2: Mpl,Rd = (0.25 Zleft2-fy) / ymo = 0.835 kNm, tf = 10.0 mm, fy =285.0 N/mm2, ymo = 1.00
design value of tension resistance:
tension resistance of one bolt: Ft,Rd = (k2-fub'As) / ym2 =21.08 kN, k2 =0.90, fub = 800.0 N/mm?
in mode 3: ZFtRd = 2:nb-FtRd = 42.16 kN, np =1
prying forces always appear at preloaded bolts !
calculation with the alternative method
decisive diameter of the bolt dw = dp = 16.00 mm = ew = dw/4 = 4.0 mm
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)) = 190.26 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) = 53.38 kN
mode 3: bolt failure
FT,3,Rd = ZFt,Rd = 42.16 kN
tension resistance of the T-stub flange: F1,Rd = min(FT,1,Rd, FT,2,Rd, FT,3,Rd) = 42.16 kN
shear strength: fuw,d = (fu/312) / (Bwym2) = 207.8 N/mm?2, fu = 360.0 N/mm2, Bw =0.80
tension resistance of welds: FT,w,Rd = 2-fww,d-a-leff = 74.44 kN (> 42.16 kN, not decisive)
row 2
distance centre-line of the bolt to the stiffener mz2 = 19.2 mm
distance centre-line of the bolt to the edge of flange e = 14.0 mm
distance centre-line of the bolt to the stub web m =10.4 mm
effective length of the T-stub flange (end-plate)
inner bolt-row outside tension flange of beam
coefficient for stiffened column flanges and end-plates:
input values A1 =m/ (m+e) =0.426, x2=m2/(m+e) =0.786 = a =5.74 (calculated)
leff,cp,si = 2:m'm = 65.4 mm
leff,nc,si = avm = 59.7 mm
in mode 1: Zleff,1 = leff,1 = min(leff,nc, leff,cp) = 59.7 mm
in mode 2: Zleff,2 = leff,2 = leff,nc = 59.7 mm
tension resistance of the T-stub flange
n = min(emin,1.25-m) = 13.0 mm, emin =14.0 mm, m =10.4 mm
resisting plastic moments:
in mode 1+2: Mpl,Rd = (0.25 Zleft2-fy) / ymo = 0.835 kNm, tf = 10.0 mm, fy =285.0 N/mm2, ymo = 1.00
design value of tension resistance:
tension resistance of one bolt: Ft,Rd = (k2-fub'As) / ym2 =21.08 kN, k2 =0.90, fub = 800.0 N/mm?
in mode 3: ZFtRd = 2:nb-FtRd = 42.16 kN, np =1
prying forces always appear at preloaded bolts !
calculation with the alternative method
decisive diameter of the bolt dw = dp = 16.00 mm = ew = dw/4 = 4.0 mm
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)) = 190.26 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) = 53.38 kN
mode 3: bolt failure
FT,3,Rd = ZFt,Rd = 42.16 kN
tension resistance of the T-stub flange: F1,Rd = min(FT,1,Rd, FT,2,Rd, FT,3,Rd) = 42.16 kN
shear strength: fuw,d = (fu/312) / (Bwym2) = 207.8 N/mm?2, fu = 360.0 N/mm2, Bw =0.80
tension resistance of welds: FT,w,Rd = 2-fww,d-a-leff = 74.44 kN (> 42.16 kN, not decisive)
resistances and effective lengths of end-plate in bending (per bolt-row):
Fep,Rd,1 = 42.18 kKN, leff,1 =59.7 mm
Fep,Rd,2 = 42.18 kKN, leff,2 = 59.7 mm

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

here: number of bolt-rows np =
row 1
distance centre-line of the bolt to the stiffener mz2 = 19.2 mm
distance centre-line of the bolt to the edge of flange e = 14.0 mm
distance centre-line of the bolt to the stub web m =10.4 mm
distance between bolt-rows p = 60.0 mm
inner bolt-row outside tension flange of beam
coefficient for stiffened column flanges and end-plates:
input values A1 =m/ (m+e) =0.426, x2=m2/(m+e) =0.786 = a =5.74 (calculated)
leff,cp,si = Tm+p = 92.7 mm
leff,nc,si = 0.5-p+o-m-(2-m+0.625-e) = 60.1 mm
row 2
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distance centre-line of the bolt to the stiffener mz2 = 19.2 mm
distance centre-line of the bolt to the edge of flange e = 14.0 mm
distance centre-line of the bolt to the stub web m =10.4 mm
distance between bolt-rows p = 60.0 mm
inner bolt-row outside tension flange of beam
coefficient for stiffened column flanges and end-plates:
input values A1 =m/ (m+e) =0.426, x2=m2/(m+e) =0.786 = a =5.74 (calculated)
leff,cp,si = Tm+p = 92.7 mm
leff,nc,si = 0.5-p+o-m-(2-m+0.625-e) = 60.1 mm
effective length of the T-stub flange (end-plate)
in mode 1: Zleff,1 = min(Zleff,nc, Zleff,cp) = 120.3 mm, Zleft,cp = 185.4 mm
in mode 2: Zleff,2 = Zleff,nc = 120.3 mm
tension resistance of the T-stub flange
n = min(emin,1.25-m) = 13.0 mm, emin =14.0 mm, m =10.4 mm
resisting plastic moments:
in mode 1+2: Mpl,Rd = (0.25 Zlefti2-fy) / ymo = 0.71 kNm, tf = 10.0 mm, fy =285.0 N/mm2, ymo = 1.00
design value of tension resistance:
tension resistance of one bolt: Ft,Rd = (k2-fub'As) / ym2 =21.08 kN, k2 =0.90, fub = 800.0 N/mm?
in mode 3: ZFtRd = 2:nb-FtRd = 84.33 kN, np =2
prying forces always appear at preloaded bolts !
calculation with the alternative method
decisive diameter of the bolt dw = dp = 16.00 mm = ew = dw/4 = 4.0 mm
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)) = 383.31 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) = 107.20 kN
mode 3: bolt failure
F1,3,Rd = ZFt,Rd = 84.33 kN
tension resistance of the T-stub flange: F1,Rd = min(FT,1,Rd, FT,2,Rd, FT,3,Rd) = 84.33 kN
shear strength: fuw,d = (fu/312) / (Bwym2) = 207.8 N/mm?2, fu = 360.0 N/mm2, Bw =0.80
tension resistance of welds: FT,w,Rd = 2-fww,d-a-leff = 149.97 kN (> 84.33 kN, not decisive)

resistances and effective lengths of end-plate in bending (per bolt group):
Fep,Rd,1-2 = 84.33 kN, Zleff = 120.3 mm, 2 rows

2.1.2.3.8. bc 7: beam flange and web in compression

section class of the beam (s = 1.00)
coefficient a is determined elastically.
flange below
section class 1 for o = 1.000, ¢/t =3.62 (outstand flange) < 9.00-¢ =9.00
web
section class 1 for ¢/t = 21.23 (internal compression parts, bending) < 72.00-¢ = 72.00
total: section class 1
taking into account the moment-shear force-interaction Ved = 40.0 kN
plastic section modulus Wpi =60.718 cm?

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

SRR
————
120

stress due to bending with shear force

Vpl,Rd = Av-(fy/3172) / ymo = 85.6 kN, Ay =6.31 cm?

VEd = 40.0 kN £42.8 kN = VpI,Rd/2 = no effect on the moment resistance !
stress for section class 1

resistance Mc,Rd = Mpl,Rd = (Wpify) / yM0 = 14.27 kNm, Wpl =60.72 cm?3
resistance of a flange (and web) with compression

FefRd = McRd/ (h - 1)) = 125.49 kN, (h-1) =113.7 mm

resistance of the upper beam flange:
plastic section modulus Wpi =60.718 cm?
stress due to bending with shear force
Vpl,Rd = Av-(fy/3172) / ymo = 85.6 kN, Ay =6.31 cm?
VEd = 40.0 kN £42.8 kN = VpI,Rd/2 = no effect on the moment resistance !
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stress for section class 1

resistance Mc,Rd = Mpl,Rd = (Wpify) / yM0 = 14.27 kNm, Wpl =60.72 cm?3
resistance of a flange (and web) with compression

FefRd = McRd/ (h - 1)) = 125.49 kN, (h-1) =113.7 mm

2.1.2.3.7. bc 8: beam web in tension

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

59

each individual bolt-row:
row 1
effective width
effective width of the beam web in tension beftt,wb = 59.7 mm  (left from bc 5)
resistance of a beam web in tension
Ft,wb,Rd = beft,t,wb twb-fy,wb / yM0 = 81.7 kN, fy,wb =235.0 N/mm?
row 2
effective width
effective width of the beam web in tension beftt,wb = 59.7 mm  (left from bc 5)
resistance of a beam web in tension
Ft,wb,Rd = beft,t,wb twb-fy,wb / yM0 = 81.7 kN, fy,wb =235.0 N/mm?

group of bolt-rows, group 1:
effective width
effective width of the beam web in tension beft,t,wb = 120.3 mm (letf from bc 5)
resistance of a beam web in tension
Ft,wb,Rd = Deff,t,wb-twb-fy,wb / yM0 = 124.3 kN, fy,wb = 235.0 N/mm?

2.1.2.3.8. bc 10: bolts in tension

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

bolt category D:

tension resistance of one bolt: Ft,Rd = (k2-fub'As) / ym2 =21.08 kN, k2 =0.90, fub = 800.0 N/mm?

p. sh. load capicity: Bp,Rd = (0.6-m-dmtp-fu)) / ym2 = 46.51 kKN, dm=13.6 mm, tp =6.3 mm, fu =360.0 N\mm?
tension-/punching shear load capicity for 2 bolts: =Ftp,Rd = 2:min(Ft,Rd, Bp,Rd) = 42.16 kN
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2.1.2.3.9. bc 11: bolts in shear

Only the essential sizes are sketched to scale.
M8 The connection geometry is only hinted.

bolt category A:

shear plane passes through the unthreaded portion of the bolt: av=0.6, A=0.50 cm?
shear resistance per shear plane: Fy,Rd = av-fub-A/ ym2 = 19.30 kN, fub = 800.0 N/mm?
shear resistance of 2 bolts (1-shear): ZFv,Rd = 2:Fy,rd = 38.60 kN

2.1.2.3.10. bc 12: plate with bearing resistance

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

60

row 1
end-plate (for Vi = 0):
bolt 1:
in direction of load transfer: ab =1.00
across to the direction of load transfer: ki1,i=1.4-p2/do-1.7 = 3.28 (inner bolt)
across to the direction of load transfer: k1,a = min(2.8-e2/do-1.7, 1.4-p2/do-1.7) =2.66 (end bolt)
= k1 =2.50 (smallest value of ki1 or 2.5)
bearing resistance: Fb,Rd = (k1-ab-fu-d-t) / ym2 = 57.60 kN, fu=360.0 N'mm?, t=10.0 mm, d =8.0 mm
bolt 2:
in direction of load transfer: ab =1.00
across to the direction of load transfer: ki1,i=1.4-p2/do-1.7 = 3.28 (inner bolt)
across to the direction of load transfer: k1,a = min(2.8-e2/do-1.7, 1.4-p2/do-1.7) =2.66 (end bolt)
= k1 =2.50 (smallest value of ki1 or 2.5)
bearing resistance: Fb,Rd = (k1-ab-fu-d-t) / ym2 = 57.60 kN, fu=360.0 N'mm?, t=10.0 mm, d =8.0 mm
bearing resistance of 1x2 bolts: ZFb,Rd = 115.20 kN
column flange (for Vi, = 0):
bolt 1:
in direction of load transfer: ab =1.00
across to the direction of load transfer: ki1,i=1.4-p2/do-1.7 = 3.28 (inner bolt)
across to the direction of load transfer: k1,a = min(2.8-e2/do-1.7, 1.4-p2/do-1.7) =2.66 (end bolt)
= k1 =2.50 (smallest value of ki1 or 2.5)
bearing resistance: Fb,Rd = (k1-ab-fu-d-t) / ym2 = 36.29 kN, fu=360.0 N'mm?, t=6.3 mm, d=8.0 mm
bolt 2:
in direction of load transfer: ab =1.00
across to the direction of load transfer: ki1,i=1.4-p2/do-1.7 = 3.28 (inner bolt)
across to the direction of load transfer: k1,a = min(2.8-e2/do-1.7, 1.4-p2/do-1.7) =2.66 (end bolt)
= k1 =2.50 (smallest value of ki1 or 2.5)
bearing resistance: Fb,Rd = (k1-ab-fu-d-t) / ym2 = 36.29 kN, fu=360.0 N'mm?, t=6.3 mm, d=8.0 mm
bearing resistance of 1x2 bolts: ZFp,Rd = 72.58 kN
row 2
end-plate (for Vi = 0):
bolt 1:
in direction of load transfer: aad,i = p1/(3:do)-1/4 = 1.97 (inner bolt)
= oab=1.00 (smallest value of ad or fub/fu=2.22 or 1.0)
across to the direction of load transfer: ki1,i=1.4-p2/do-1.7 = 3.28 (inner bolt)
across to the direction of load transfer: k1,a = min(2.8-e2/do-1.7, 1.4-p2/do-1.7) =2.66 (end bolt)
= k1 =2.50 (smallest value of ki1 or 2.5)
bearing resistance: Fb,Rd = (k1-ab-fu-d-t) / ym2 = 57.60 kN, fu=360.0 N'mm?, t=10.0 mm, d =8.0 mm
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bolt 2:
in direction of load transfer: aad,i = p1/(3:do)-1/4 = 1.97 (inner bolt)
= oab=1.00 (smallest value of ad or fub/fu=2.22 or 1.0)
across to the direction of load transfer: ki1,i=1.4-p2/do-1.7 = 3.28 (inner bolt)
across to the direction of load transfer: k1,a = min(2.8-e2/do-1.7, 1.4-p2/do-1.7) =2.66 (end bolt)
= k1 =2.50 (smallest value of ki1 or 2.5)
bearing resistance: Fb,Rd = (k1-ab-fu-d-t) / ym2 = 57.60 kN, fu=360.0 N'mm?, t=10.0 mm, d =8.0 mm
bearing resistance of 1x2 bolts: ZFb,Rd = 115.20 kN
column flange (for Vi, = 0):
bolt 1:
in direction of load transfer: ab =1.00
across to the direction of load transfer: ki1,i=1.4-p2/do-1.7 = 3.28 (inner bolt)
across to the direction of load transfer: k1,a = min(2.8-e2/do-1.7, 1.4-p2/do-1.7) =2.66 (end bolt)
= k1 =2.50 (smallest value of ki1 or 2.5)
bearing resistance: Fb,Rd = (k1-ab-fu-d-t) / ym2 = 36.29 kN, fu=360.0 N'mm?, t=6.3 mm, d=8.0 mm
bolt 2:
in direction of load transfer: ab =1.00
across to the direction of load transfer: ki1,i=1.4-p2/do-1.7 = 3.28 (inner bolt)
across to the direction of load transfer: k1,a = min(2.8-e2/do-1.7, 1.4-p2/do-1.7) =2.66 (end bolt)
= k1 =2.50 (smallest value of ki1 or 2.5)
bearing resistance: Fb,Rd = (k1-ab-fu-d-t) / ym2 = 36.29 kN, fu=360.0 N'mm?, t=6.3 mm, d=8.0 mm
bearing resistance of 1x2 bolts: ZFp,Rd = 72.58 kN
bearing resistance (2 rows)
EFb,Rd,1 = 72.58 kN
2Fb,Rd,2 = 72.58 kN

2.1.2.4. connection capacity

transformation parameter: pj=1.00

2.1.2.4.1. moment resistance
distance of tension-bolt-rows from centre of compression: h1 = 86.8 mm, h2 =26.9 mm

resistances acc. to EC 3-1-8, 6.2.7.2(6) for bolt-rows considered individually
decisive basic components: 3, 4, 5, 8

row 1: Fir,rd = 36.8 kN
row 2: Fir,rd = 36.8 kN

deductions acc. to EC 3-1-8, 6.2.7.2(8) for bolt-rows as part of a group (column)

decisive basic components: 3, 4

group 1
row 1: “Ftr,Rd = 0.0 kN
bc 3: AFi,Rd = Ft,we,Rd - ZFtr,Rd = 86.8 kN FirRd = 36.8 kN < AFir,Rd = FirRd = 36.8 kN
bc 4:  AFt,Rd = Ft,fc,Rd - ZFtr,Rd = 75.4 kN FirRd = 36.8 kN < AFir,Rd = FirRd = 36.8 kN
row 2:  ZFtr,Rd = 36.8 kN (due to row 1)
bc 3: AFi,Rd = Ft,we,Rd - ZFtr,Rd = 50.0 kN FirRd = 36.8 kN < AFir,Rd = FirRd = 36.8 kN
bc 4:  AFt,Rd = Ft,fc,Rd - ZFtr,Rd = 38.6 kN FirRd = 36.8 kN < AFir,Rd = FirRd = 36.8 kN

deductions acc. to EC 3-1-8, 6.2.7.2(8) for bolt-rows as part of a group (end-plate)

decisive basic components: 5, 8

group 1
row 1: “Ftr,Rd = 0.0 kN
bc 5:  AFtr,Rd = Ft,ep,Rd - ZFtr,Rd = 84.3 kN Ftr,Rd = 36.8 kN < AFt,Rd = Ftr,rd = 36.8 kN

bc 8: AFtr,Rd = Ft,wb,Rd - ZFtr,Rd = 124.3 kN FirRd = 36.8 kN < AFir,Rd = FirRd = 36.8 kN
row 2:  ZFtr,Rd = 36.8 kN (due to row 1)

bc 5:  AFtr,Rd = Ft,ep,Rd - ZFtr,Rd = 47.6 kN FirRd = 36.8 kN < AFir,Rd = FirRd = 36.8 kN

bc 8. AFi,Rd = Ft,wb,Rd - ZFtr,Rd = 87.6 kN FirRd = 36.8 kN < AFir,Rd = FirRd = 36.8 kN

resistance per bolt-row (tension)

row 1: Fir,rd = 36.8 kN

row 2: Fir,rd = 36.8 kN
SFtr,Rd" = 73.5 kN

deductions acc. to EC 3-1-8, 6.2.7.2(7)

decisive basic components: 1, 2, 7

row 1: “Ftr,Rd = 0.0 kN
bc 1:  AFtr,Rd = Vwp,Rd/Bj - ZFtr,Rd = 82.2 kN FirRd = 36.8 kN < AFir,Rd = FirRd = 36.8 kN
bc 2: AFtr,Rd = Fc,w,Rd - ZFtr,Rd = 109.4 kN Firrd = 36.8 KN < AFtrRd Fir,rd = 36.8 kN
bc 7: AFtrRd = Fc,f,Rd - ZFtr,Rd = 125.5 kN Firrd = 36.8 KN < AFtrRd Fir,rd = 36.8 kN
row2:  ZFtr,Rd =36.8 kN (row 1)
bc 1:  AFtr,Rd = Vwp,Rd/Bj - ZFtr,Rd = 45.5 kN FirRd = 36.8 kN < AFir,Rd = FirRd = 36.8 kN
bc 2. AFuRd = Fe,w,Rd - ZFtr,Rd = 72.6 kN FirRd = 36.8 kN < AFir,Rd = FirRd = 36.8 kN

Uy
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bc 7. AFwRd = Fcf,Rd - ZFtr,Rd = 88.7 kN FirRd = 36.8 kN < AFir,Rd = FirRd = 36.8 kN
check acc. to EC 3-1-8, 6.2.7.2(9)

decisive basic component: 10

row 1: Fix,Rd = 36.8 kN, hx=86.8 mm = Fix,Rd < lim Fitx,rd = 40.1 kN, no deduction

resistance per bolt-row (bending)
row 1: Fir,rd = 36.8 kN
row 2: Fir,rd = 36.8 kN
“Ftr,Rd = 73.5 kN
potential failure by basic component 4

resistance of flanges (compression)
TFe¢,Rd" = 164.5 kN

moment resistance regarding the centre of compression
M;j,Rd = Z(Ftr,Ra-hr) = 4.2 kNm

tension resistance

NjtRd = ZFtr,Rd" = 73.5 kN

compression resistance

Nj,c,Rd = ZF¢,Rd" = 164.5 kN

2.1.2.4.2. shear/bearing resistance

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

row 1: Fvr,Rd = 38.6 kN
row 2: Fvr,Rd = 38.6 kN

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

row 1: Fvr,Rd = fvt - 38.6 kN = 14.6 kN with fvt=1 - Fir,rd / (1.4-ZFt,Rd) = 0.377
row 2: Fvr,Rd = fvt - 38.6 kN = 14.6 kN with fvt=1 - Fir,rd / (1.4-ZFt,Rd) = 0.377

resistance per bolt-row (finally)

row 1: Fvr,Rd = 14.6 kN

row 2: Fvr,Rd = 14.6 kN
YFvr,Rd =29.1 kN

shear/bearing resistance
Vj,Rd = ZFvr,Rd = 29.1 kN

2.1.2.4.3. shear resistance

shear resistance of end plate

end-plate: Vep,Rd = tRd'tep'letf = 126.72 kN, tRd = 135.7 N/mm?, tep = 10.0 mm, leff = dw = 93.4 mm
shear strength: fuw,d = (fu/312) / (Bwym2) = 207.8 N/mm?2, fu = 360.0 N/mm2, Bw =0.80

welds: Fw,Rd = 2-a‘leff-fvw,d = 116.48 kN, a=3.0 mm, leff = dw =93.4 mm

shear resistance of end plate: Vep,Rd = Fw,Rd = 116.48 kN

shear resistance of column web
decisive basic component: 1

pr,Rd =82.2 kN

2.1.2.4.4. total
Mj,Rd = 4.2 kKNm Njt,Rd = 73.5 KN Njc,Rd =164.5 kN VjRd =29.1 KN Vwp,Rd =82.2 KN Vep,Rd = 116.5 kN

2.1.2.5. verifications

internal lever arm for a bolted end-plate joint with 2 tension-bolt-rows:

equivalent internal lever arm:
1: ka3 =1.70 mm, ks =21.03mm, ks =47.68 mm, k10 =224 mm = Kkeff,1 =1/ Z(1/ki,1) = 0.907 mm
2: ka3 =170 mm, ka=21.08mm, ks =47.68 mm, k10 =224 mm = Kkeff,2=1/Z(1/ki2) = 0.907 mm
Zeq = Z(Keff,rrhr?) / Z(keff,rrhr) = 74935/ 103.1 =72.7 mm

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

internal moment: MEgd = Md =5.60 kNm
perpend. to connection plane

shear force: VEd = IVdl = 40.00 kN

parallel to connection plane

shear force: Vew,Ed = Md/z - (Ve1-Ve2)/2 =77.05 kN, z=72.7 mm
in column web

shear force: Vb,w,Ed = 40.00 kN
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in end-plate

moment resistance

Med/Mjrd = 1.339 > 1 not ok !l

shear/bearing resistance at 100% utilization of moment resistance
Ved/VjRd = 1.374 > 1 not ok !!

shear resistance of column web

Vc,w‘Ed."'pr‘Rd =0.937 < 1 ok

shear resistance of end plate

Vb,w,Ed/Vep,Rd = 0.343 < 1 ok

2.1.2.5.2. 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
structural limits for welds:

weld 1:

weld 2:

weld 4.

weld 8:

weld 6:

plate thickness t1 = 10.0 mm >4 mm ok

plate thickness t2 = 6.3 mm >4 mm ok

NA-DE: plate thickness tmax > 3 mm: weld thickness a = 4.0 mm > amin = tmax'/2 - 0.5 = 2.66 mm
weld thickness a = 4.0 mm < amax = 0.7 tmin = 4.4 mm (welding technology, s. DIN 18800) ok
weld thickness a = 4.0 mm > amin =3 mm ok

effective weld length leff = 60.0 mm > 30 mm ok

effective weld length leff = 60.0 mm > 6-a =24.0 mm ok

plate thickness t1 = 10.0 mm >4 mm ok

plate thickness t2 = 6.3 mm >4 mm ok

NA-DE: plate thickness tmax > 3 mm: weld thickness a = 4.0 mm > amin = tmax'/2 - 0.5 = 2.66 mm
weld thickness a = 4.0 mm < amax = 0.7 tmin = 4.4 mm (welding technology, s. DIN 18800) ok
weld thickness a = 4.0 mm > amin =3 mm ok

effective weld length leff = 20.8 mm < 30 mm = has no effect !!

effective weld length leff = 20.8 mm < 6:a =24.0 mm = has no effect !!

plate thickness t1 = 10.0 mm >4 mm ok

plate thickness t2 = 4.4 mm >4 mm ok

NA-DE: plate thickness tmax > 3 mm: weld thickness a = 3.0 mm > amin = tmax'’2 - 0.5 = 2.66 mm
weld thickness a = 3.0 mm < amax = 0.7 tmin = 3.1 mm (welding technology, s. DIN 18800) ok
weld thickness a = 3.0 mm = amin =3 mm ok

effective weld length leff = 93.4 mm > 30 mm ok

effective weld length leff = 93.4 mm > 6-a=18.0 mm ok

plate thickness t1 = 10.0 mm >4 mm ok

plate thickness t2 = 6.3 mm >4 mm ok

NA-DE: plate thickness tmax > 3 mm: weld thickness a = 4.0 mm > amin = tmax'/2 - 0.5 = 2.66 mm
weld thickness a = 4.0 mm < amax = 0.7 tmin = 4.4 mm (welding technology, s. DIN 18800) ok
weld thickness a = 4.0 mm > amin =3 mm ok

effective weld length leff = 60.0 mm > 30 mm ok

effective weld length leff = 60.0 mm > 6-a =24.0 mm ok

plate thickness t1 = 10.0 mm >4 mm ok

plate thickness t2 = 6.3 mm >4 mm ok

NA-DE: plate thickness tmax > 3 mm: weld thickness a = 4.0 mm > amin = tmax'/2 - 0.5 = 2.66 mm
weld thickness a = 4.0 mm < amax = 0.7-tmin = 4.4 mm (welding technology, s. DIN 18800) ok
weld thickness a = 4.0 mm > amin = 3 mm ok

effective weld length leff = 20.8 mm <30 mm = has no effect !!

effective weld length leff = 20.8 mm < 6-a =24.0 mm = has no effect !!

calculation section:

L weld 1:  aw=4.0 mm lw =60.0 mm
weld 4. aw=3.0mm lw =93.4 mm
weld 5: seeweld4
weld 8 aw=4.0mm lw =860.0 mm

design values refering to centroid of the section:
My,Ed = -5.60 kNm, VzEd = 40.00 kN

cross-sectional properties refering to centroid of the line cross-section:
ZAw =10.40cm2, Awz=560cm? Zlw=30.7cm
lwy =213.54 cm*, lw,z=14.67 cm#*, Azw=0.0 mm
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distribution of internal forces and moments:
weld 1: Nw=37.76 kN
weld 4. Myw =-0.53 kNm
weld 5: see weld 4
weld 8: Nw =-37.76 kN
from conventionel distribution of shear force: Vzw = 40.00 kN

weld edges:
weld1, pt.0: y =-30.0mm Z'=0.0mm
weld4, pt.0: y =22mm Z'=13.3mm
pt.1: y =22mm Z'=106.7 mm
weld 8, pt.0: vy =-30.0mm z'=120.0 mm

stresses in weld edges:
weld 1, pt.0:  owx=157.85 N/mm?

weld4, pt.0:  owx=122.47 N/mm?  1wz=71.38 N/mm?

pt. 1 owx=-30.62 N/mm?2 w,z = 71.38 N'mm?2 (compressive contact)
weld5, pt.0: seeweld4

pt.1: seeweld 4
weld8, pt.0: owx=-39.34 N/'mm? (compressive contact)

maximum/minimum stresses ow,x,max = 157.3 N'mm? ow,x,min = -39.3 N/mm?2 tw,z,max = 71.4 N/mm?

verifications in weld edges:
75% decrease of stress by pressure contact

verification of weld 1, pt. O:
stresses on the design area of the weld (a = 45°):
ow,Ed = ow,x = 157.3 N/mm2
resultant weld force Fw,Ed = ow,Ed-a = 629.39 kN/m
resistance of a weld: Fw,Rd = fyw,d-a = 831.38 KN/m, fyvw,d =207.85 N'/mm?, a =4.0 mm
Fw,Ed = 629.39 kN/m < FwRd=831.38kN/m = U=0757 < 1 ok
verification of weld 4, pt. O:
stresses on the design area of the weld (« = 45°):
ow,Ed = (ow@ + w,z2)12 = 141.8 N/mm?
resultant weld force Fw,Ed = ow,Ed-a = 425.25 kN/m
resistance of a weld: Fw,Rd = fyw,d-a = 623.54 KN/m, fyvw,d =207.85 N/mm?, a =3.0 mm
Fw,Ed = 425.25 kN/m < Fw,Rd =623.54 kN/m = U=0682 < 1 ok
verification of weld 4, pt. 1:
stresses on the design area of the weld (« = 45°):
ow,Ed = (ow,x2 + w,z%) 12 = 77.7 N/mm?
resultant weld force Fw,Ed = ow,Ed-a = 233.00 kN/m
resistance of a weld: Fw,Rd = fyw,d-a = 623.54 KN/m, fyvw,d =207.85 N/mm?, a =3.0 mm
Fw,Ed = 233.00 kN/m < FwRd =623.54 kN/m = U=0.374 < 1 ok
verification of weld 8, pt. 0:
stresses on the design area of the weld (« = 45°):
ow,Ed = ow,x = 39.3 N/mm?2
resultant weld force Fw,Ed = ow,Ed-a = 157.35 kN/m
resistance of a weld: Fw,Rd = fyw,d-a = 831.38 KN/m, fyvw,d =207.85 N'/mm?, a =4.0 mm
Fw,Ed = 157.35 kN/m < Fw,Rd =831.38kN/m = U=0.189 < 1 ok

Result:
weld 1, pt. 0:  ow,x = 157.35 N/mm2
Max: FwEed=629.39 KN/m < Fw,Rd=831.38kN/m = Uw=0.757 < 1 ok

2.1.2.5.3. verification of web stiffeners

NR,t = (-Nd'Zbu + Md) / z =77.05 kN, Z = Zeq=72.7 mm, Zbu =56.9 mm
NR,c = (Nd'Zbo + Md) / Z=77.05 kKN, Z =Zeq=72.7 mm, Zbo=15.8 mm
compression stiffener (below)
Fe,Ed = NR,c = 77.05 kN
verification of the welds with the simplified method.
dimensions, lever arms, forces per rib
br =bst=29.8 mm, b1=bgr-rr =19.3 mm, erF =br-0.5b1 =202 mm with rr=10.5 mm
three-sided joint of ribs:
IR=lst=107.4 mm, lh=IR-2rR =884 mm, ed=Ir=107.4 mm, tr =8.0 mm
F = 0.5:-Fced - (bf-2-r-tw)/bf = 27.45 kN, H=F - er/fen =5.15 kN
assumption: stiffeners do not buckle:
section class 1 for « = 1.000, c/t = 3.73 (outstand flange) < 9.00.c =9.00 <3 ok
cross-section at flange
compression resistance Ne,Rd = (A-fy) / ymo = 36.28 kN
design value: Fed = (F? + 3-H?)1/2 = 28.86 kN
FEd=28.86 kN < FRd=3628kN = U=0.795 < 1 ok
cross-section at web
shear resistance VRd = (Av-fy) / (31/2-ymo) = 93.78 kN
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design value: Fed=F =27.45 kN
FEd=2745kN < FRda=93.78 kN = U=0.293 < 1 ok
flange welds
fillet weld with a = 4.0 mm
resistance of a weld: Fw,Rd = fuw,d-a = 831.38 kN/m, fvw,d =207.85 N/mm?, a =4.0 mm
design value: Fed = (F2 + H3)12/ (2:b1) = 728.51 kN/m
75% decrease of stress by pressure contact
FEd=180.88 kN/m < FRd=831.838 kN/m = U=0.218 < 1 ok
web welds
fillet weld with a = 4.0 mm

weld thickness a = 4.0 mm > amax = 0.7:tmin = 3.1 mm (welding technology, s. DIN 18800) !!
weld thickness a = 4.0 mm > amax = 0.7:tmin = 3.1 mm (welding technology, s. DIN 18800) !!

resistance of a weld: Fw,Rd = fuw,d-a = 831.38 kN/m, fvw,d =207.85 N/mm?, a =4.0 mm
three-sided joint of ribs:
design value: Fed=F/ (2:l1) = 158.85 KN/m
75% decrease of stress by pressure contact
FEd=389.71 kN/m < FrRd=831.38 kN/m = U=0.048 < 1 ok
stiffener in tension (top)
Ft.ed = NR,t = 77.05 kN
verification of the welds with the simplified method.
dimensions, lever arms, forces per rib
br = bst =29.8 mm, b1 =Dbr-rrR=19.83 mm, er =br-0.5b1 =202 mm with rr=10.5mm
three-sided joint of ribs:
IR=lst=107.4 mm, 1 =IR-2rr =864 mm, eH=Ir=107.4 mm, tr = 8.0 mm
F =0.5Fted - (bf-2-r-tw)/bf =27.45 kN, H=F - er/feq =5.15 kN
cross-section at flange
tension resistance NtRrd = 36.28 kN
design value: Fed = (F2 + 3-H2)1/2 = 28.86 kN
FEd=28.86 kN < FRa=3628kN = U=0.795 < 1 ok
cross-section at web
shear resistance VRd = (Avfy) / (3V2-ymo) = 93.78 kN
design value: FeEd=F =27.45 kN
FEa=2745kN < FRa=93.78 kN = U=0.293 < 1 ok
flange welds
fillet weld with a = 4.0 mm
resistance of a weld: Fw,Rd = fvw,d'a = 831.38 kN/m, fuvw,d = 207.85 N/mm?, a =4.0 mm
design value: Fed = (F2 + H3)12/ (2:b1) = 723.51 kN/m
Fed = 723.51 kN/m < Frd=831.38 kN/m = U=0.870 < 1 ok
web welds
fillet weld with a = 4.0 mm

weld thickness a = 4.0 mm > amax = 0.7-tmin = 3.1 mm (welding technology, s. DIN 18800) !!
weld thickness a = 4.0 mm > amax = 0.7-tmin = 3.1 mm (welding technology, s. DIN 18800) !!

resistance of a weld: Fw,Rd = fvw,d'a = 831.38 kN/m, fuvw,d = 207.85 N/mm?, a =4.0 mm
three-sided joint of ribs:

design value: Feda=F/ (2:11) = 158.85 kN/m

FEd=158.85 kN/m < FRd=831.38kN/m = U=0.191 < 1 ok

2.1.2.5.4, verification result

maximum utilization: max U=1.374 > 1 not ok !!
failure at verification of bending: U = 1.339
failure at verification shear/bearing resistance: U = 1.374

2.1.3. final result

maximum utilization: max U=1374 > 1 not ok !!

2.2. fatigue of the connection bracket-column (FLS)
conversion internal forces at node -> bracket loads
moment error AMEd = Mj,b,Ed+FEd-Aa-Hed-Ah with Aa = 200.0 mm, Ah =60.0 mm
F1,ed = 5.00 kN
F2,ed = 15.00 kN
design values
My1,Ed = -0.70 KNm, Vz1,Ed = 5.00 kKN
My2,Ed = -2.10 kNm, Vz2,Ed = 15.00 kN
detailed problems acc. to Eurocode 3 EC 3-1-9 (12.10), NA: Deutschland
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steel grade

steel grade S235, calculation parameters:

char. yield strength fy,t<40mm = 235.0 N/mm?, fyt<somm = 215.0 N'mm?, fy,t-80mm = 215.0 N/mm?
char. tensile strength fu,t<40mm = 360.0 N/mm?, fut<80omm = 360.0 N/mm2, fu,t-80mm = 360.0 N/mm?

elastic modulus E = 210000.0 N/mm?2

cross-section
beam: section IPE120

overall depth h = 120.0 mm, web thickness tw = 4.4 mm
flange width bi = 64.0 mm, flange thickness tt = 6.3 mm, gewalzt with r = 7.0 mm
rolled section, root radius r=7.0 mm

clear depth of web without root/weld dw = 93.4 mm

width of one flange side without root/weld cf = 22.8 mm

centroid distance from top zs = 60.0 mm

cross-sectional area A = 13.21 cm?, perimeter U = 47.52 cm
second moments of area ly = 317.75 cm#, |2 = 27.66 cm#
plastic section moduli Wpl,y = 60.72 cm?, Wpl,z = 13.57 cm?
effective shear arean Avy = 8.06 cm?, Avz =6.31 cm?

torsional moment of inertia It = 1.81 cm#

parameters

damage equivalent stress factors is = 1.000, A = 1.000
notch class / valid notch stresses at N = 2:108 cycles:

Pt. yf zf Aox,Rd AtRd Acz,Rd | notch point EC 3-1-9, tab.
mm mm N/mm? N/mm? N/mm?

9 32.0 120.0| 160.0 0.0 0.0| at bottom flange 8.1(2)
12 2.2 106.7| 160.0 100.0 0.0| at beam web 8.1(2) 8.1(6)
13 2.2 13.3| 160.0 100.0 160.0| at beam web 8.1(2) 8.1(6) 8.10(1)
16 32.0 0.0] 160.0 0.0 0.0| at top flange 8.1(2)

° 17 0.0 0.0 36.0 0.0 0.0| am plate (top flange) 8.5(3)
18 0.0 -5.7 80.0 0.0 0.0| am plate (top flange) 8.5(1)

° 19 16.0 6.3 36.0 0.0 0.0| am plate (top flange) 8.5(3)
20 16.0 12.0 80.0 0.0 0.0| am plate (top flange) 8.5(1)

° 21 0.0 120.0 36.0 0.0 0.0| am plate (bottom flange) 8.5(3)
22 0.0 125.7 80.0 0.0 0.0| am plate (bottom flange) 8.5(1)

° 23 16.0 113.7 36.0 0.0 0.0| am plate (bottom flange) 8.5(3)
24 16.0 108.0 80.0 0.0 0.0| am plate (bottom flange) 8.5(1)

° 25 2.2 60.0 36.0 80.0 0.0| am plate (web) 8.5(3) 8.5(8)
26 6.4 60.0 0.0 100.0 0.0| am plate (web) 8.2(5)

x 27 16.0 30.0 50.0 100.0 0.0| am plate 8.1(14) 8.1(15)
28 16.0 30.0 90.0 0.0 0.0| am plate 8.1(10)

x 29 16.0 90.0 50.0 100.0 0.0| am plate 8.1(14) 8.1(15)
30 16.0 90.0 90.0 0.0 0.0| am plate 8.1(10)

°: verification of the weld, x: verification of bolt

loading

Lc1: MyEd=-0.70 kNm, VzEd = 5.00 kN

Lc 2:
material safety factor

My,ed =-2.10 KNm, VzEd = 15.00 kN

design concept: damage tolerance, damage consequence: high = fatigue strength yms = 1.15
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2.2.2. fatigue design

distances between bolts at end-plate

horizontal: e2=14.0 mm > 1.5:do=13.5mm
horizontal: p2=32.0 mm >2.5-do=22.5 mm
vertical: e1=40.0mm > 1.5do=13.5mm
vertical; p1=60.0 mm >2.5do=225mm
vertical: e1=40.0mm > 1.5do=13.5mm

cross-sectional properties

A=1321cm? zs=60.0 mm, ly=317.76 cm4, ys=0.0 mm, |z =27.67 cm*

stresses of bolts:
NEd = -0.00 kN, My,Ed = -0.70 kNm

row 1:
row 2:

AZ1=86.9mm, Fsc1=4.70 kN,
Az2 =26.9 mm, Fsc2=1.45kN,

NEd = -0.00 kN, My,Ed = -2.10 kNm

row 1:
row 2:

AZ1=86.9mm, Fsc1=14.11 kN, o6 =192.73 N/mm2,
Az2 =26.9mm, Fsc2=4.36 kN, c=59.58 N/mm2,
stresses in end-plate (gross section):

c =64.24 N/mm2,
6 =19.86 N'mm?2,

NEd = -0.00 kN, My,Ed = -0.70 kNm: ¢ = 8.33 N/mm?
NEd = -0.00 kN, My,Ed = -2.10 kNm: o = 25.00 N/mm?
elastic stresses / stress ranges

Acx,Ed = ox,max-Ox,min, TEd = Txz,max-Txz,min

pt. 9:

12:

13:

16:

17:

18:

19:

20:

21:

22:

23:

24.

25;

26:

27:

28:

yi=32.0 mm, zf = 120.0 mm

yi=2.2mm, zf = 106.7 mm

yi=2.2mm, zf = 13.3 mm

yi=32.0 mm, zf = 0.0 mm

yi=0.0 mm, zf = 0.0 mm

yi=0.0 mm, zf =-5.7 mm

yi=16.0 mm, zf =6.3 mm

yi=16.0 mm, zf =12.0 mm

yi=0.0 mm, zf = 120.0 mm

yi=0.0 mm, zf = 125.7 mm

yi=16.0 mm, zf = 113.7 mm

yi=16.0 mm, zf = 108.0 mm

yi=2.2 mm, zf =60.0 mm

yf=6.4 mm, zf =60.0 mm

yi=16.0 mm, zf =30.0 mm

yi=16.0 mm, zf =30.0 mm

Lc1:
2:

Lc1:
2:

Lc1:
2:

Lc1:
2:

Lc1:
2:

Lc1:
2:

Lc1:
2:

Lc1:
2:

Lc1:
2:

Lc1:
2:

Lc1:
2:

Lc1:
2:

Lc1:
2:

Lc1:
2:

Lc1:
2:

Lc1:
2:

ox =-13.2 N/mm2

ox = -39.7 N/mm2
Acx,Ed = 26.4 N/mm?2
ox =-10.3 N/mm2

ox = -30.9 N/mm2
Acx,Ed = 20.6 N/mm?2
ox = 10.3 N/mm2

ox = 30.9 N/mm?2
Acx,Ed = 20.6 N/mm?2
ox = 13.2 N/mm2

ox = 39.7 N/mm2
Acx,Ed = 26.4 N/mm?2
ox = 14.6 N/mm?2

ox = 43.8 N/mm2
Acx,Ed = 29.2 N/mm?2
ox = 14.5 N/mm?2

ox = 43.4 N/mm?2
Acx,Ed = 28.9 N/mm?2
ox = 13.1 N/mm?2

ox = 39.2 N/mm?2
Acx,Ed = 26.2 N/mm?2
ox = 10.6 N/mm2

ox = 31.8 N/mm2
Aox,Ed = 21.2 N/mm?2
ox = -14.6 N/mm?2

ox = -43.8 N/mm2
Acx,Ed = 29.2 N/mm?2
ox = -14.5 N/mm?2

ox = -43.4 N/mm?2
Acx,Ed = 28.9 N/mm?2
ox =-13.1 N/mm2

ox = -39.2 N/mm2
Acx,Ed = 26.2 N/mm?2
ox =-10.6 N/mm2

ox = -31.8 N/mm2
Aox,Ed = 21.2 N/mm?2
ox = -0.0 N/mm?2

ox = -0.0 N/mm?2

ox = 64.2 N/mm?2

ox =192.7 N/mm?2
Acx,Ed = 128.5 N/mm?2
ox = 8.3 N/mm2

ox = 25.0 N/mm2
Acx,Ed = 16.7 N/mm?2

1 =24.87 N/mm?2
1 =24.87 N/mm?2

1=74.60 N/mm?2
1=74.60 N/mm?2

wxz = 9.1 N/mm?2
wxz = 27.4 N/mm?2
AtEd = 18.2 N/mm?
wxz = 9.1 N/mm?2
wxz = 27.4 N/mm?2
AtEd = 18.2 N/mm?

wxz = 9.1 N/mm?2
wxz = 27.4 N/mm?2
AtEd = 18.3 N/mm?
wxz = 10.9 N/mm?2
wxz = 32.6 N/mm?2
AtEd = 21.7 N/mm?
wxz = 24.9 N/mm?2
wxz = 74.6 N/mm?2
ATEd = 49.7 N/mm?

m 4H-EC3SK / pcae-GmbH / KopernikusstraBe 4A / 30167 Hannover / Tel: (0511) 700830 / Fax: (0511) 7008399 / pcae/0000002



29:

30:

yf = 16.0 mm, zi = 90.0 mm

yf = 16.0 mm, zi = 90.0 mm

Lc1: ox=19.9 N/mm?2

. ox=59.6 NNlmm?2
Aox,Ed = 39.7 N/mm?
Lc1: ox=8.3Nmm?2

. ox=25.0 NNlmm?2
Aox,Ed = 16.7 N/mm?

equivalent constand amplitude stress range

Aaxt = AoxEd-he, Att= AtEdh:

pt. 9

12:
13:
16:
17:
18:
19;
20:
21:
22:
23:
24
25:
26:
27:
28:
29:
30:

yi=32.0 mm, zi = 120.0 mm
yi=2.2 mm, zi = 106.7 mm
yi=2.2mm, zi = 13.3 mm
yi=32.0 mm, zi = 0.0 mm
yf=0.0 mm, zt = 0.0 mm
yi=0.0 mm, z¢ =-5.7 mm
yi=16.0 mm, zf = 6.3 mm
yi=16.0 mm, z¢ = 12.0 mm
yi=0.0 mm, z¢ = 120.0 mm
yi=0.0 mm, z¢ = 125.7 mm
yi=16.0 mm, zf = 113.7 mm
yi=16.0 mm, zf = 108.0 mm
yi=2.2 mm, z¢ = 60.0 mm

yi =6.4 mm, z¢ = 60.0 mm
yi=16.0 mm, z¢ = 30.0 mm
yi=16.0 mm, z¢ = 30.0 mm
yi=16.0 mm, zf = 90.0 mm
yi=16.0 mm, zf = 90.0 mm

valid notch stresses
Aok Rdf = L‘.D’x,Rdf}'Ml, AtRdf = AtRdAyME

pt. 9

12:
13:
16:
17:
18:
19:
20:
21:
22:
23:
24
25:
26:
27:
28:
29:
30:

yi=32.0 mm, zf = 120.0 mm
yi=2.2 mm, z¢ = 106.7 mm
yi=2.2 mm, z¢ = 13.3 mm
yi=32.0 mm, zf = 0.0 mm
yi=0.0 mm, z¢ = 0.0 mm
yi=0.0 mm, z¢ =-5.7 mm
yi=16.0 mm, zf = 6.3 mm
yi=16.0 mm, z¢ = 12.0 mm
yi=0.0 mm, z¢ = 120.0 mm
yi=0.0 mm, z¢ = 125.7 mm
yi=16.0 mm, zf = 113.7 mm
yi=16.0 mm, zf = 108.0 mm
yi=2.2 mm, z¢ = 60.0 mm

yi =6.4 mm, z¢ = 60.0 mm
yi=16.0 mm, z¢ = 30.0 mm
yi=16.0 mm, z¢ = 30.0 mm
yi=16.0 mm, zf = 90.0 mm
yi=16.0 mm, zf = 90.0 mm

verification of notch stresses

pt. 9

12:

13:

16:
17:
18:
19:
20:
21:
22:
23:
24
25:
26:
27:

28:
29:

y=32.0mm, z=120.0 mm
y=22mm,z=106.7 mm

y=22mm,z=13.3 mm

y=32.0mm, z=0.0 mm
y=0.0mm, z=0.0 mm
y=0.0mm, z=-57mm
y=16.0mm, z=6.3 mm
y=16.0mm, z=12.0 mm
y=0.0mm, z=120.0 mm
y=0.0mm, z=125.7 mm
y=16.0mm, z=113.7 mm
y=16.0 mm, z=108.0 mm
y=2.2mm, z=60.0 mm
y=6.4mm, z=60.0 mm
y=16.0 mm, z =30.0 mm

y=16.0 mm, z =30.0 mm
y=16.0 mm, z=90.0 mm

Aox.f = 26.4 N/mm2
Aox,f=20.6 N/mm2
Aox,f=20.6 N/mm2
Aox.f = 26.4 N/mm2
Aox.f=29.2 N/'mm2
Aox.f=28.9 N/mm2
Aox.f = 26.2 N/mm2
Aoxf=21.2 N/'mm2
Aox.f=29.2 N/'mm2
Aox.f=28.9 N/mm2
Aox.f = 26.2 N/mm2
Aoxf=21.2 N/'mm2

Aox,f = 128.5 N/mm?
Aoxf=16.7 N/mm2
Aox.f=39.7 N/mm2
Aoxf=16.7 N/mm2

Aox,Rd,f = 139.1 N/mm?
Aox,Rd,f = 139.1 N/mm?
Aox,Rd,f = 139.1 N/mm?
Aox,Rd,f = 139.1 N/mm?
Aox,Rd,f = 31.3 N/mm?
Aox,Rd,f = 69.6 N/'mm?
Aox,Rd,f = 31.3 N/mm?
Aox,Rd,f = 69.6 N/'mm?
Aox,Rd,f = 31.3 N/mm?2
Aox,Rd,f = 69.6 N/mm?2
Aox,Rd,f = 31.3 N/mm?2
Aox,Rd,f = 69.6 N/mm?2
Aox,Rd,f = 31.3 N/mm?2

Aox,Rd,f = 43.5 N/mm?2
Aox,Rd,f = 78.3 N/mm?2
Aox,Rd,f = 43.5 N/mm?2
Aox,Rd,f = 78.3 N/mm?2

%z = 24.9 N/mm?
xz = 14.6 N/mm?
AtEd = 49.7 N/mm?2

Atf = 18.2 N/mm2
Atf = 18.2 N/mm2

At = 18.3 N/mm2
Atf=21.7 Nfmm2
Atf = 49.7 Nfmm2

Atf = 49.7 Nfmm2

AtRd,f = 87.0 N/mm?
AtRd,f = 87.0 N/mm?

AtRd,f = 69.6 N/mm?2
AtRd,f = 87.0 N/mm?2
AtRd,f = 87.0 N/mm?2

AtRd,f = 87.0 N/mm?2

Aoxf=26.4 N/mm2 < Acx,Rdf= 139.1 N/mm?2 = Usx=0.190 ok
Aoxf=20.6 N'mm2 < Acx,Rdf=139.1 N'mm2 = Uasx =0.148 ok

At =18.2 N'mm? < AtRdf=87.0 N/mm?2

interaction Ui = Uaex3+Ua:5 =0.004 < 1 ok
Aoxf=20.6 N'mm2 < Acx,Rdf=139.1 N'mm2 = Uasx =0.148 ok

At =18.2 N'mm? < AtRdf=87.0 N/mm?2

interaction Ui = Uaex3+Ua:5 =0.004 < 1 ok

Acx,f = 26.4 N/mm?
Acx,f=29.2 N/mm?
Acx,f=28.9 N/mm?
Acx,f=26.2 N/mm?

Acx,f=29.2 N/mm?
Acx,f=28.9 N/mm?
Acx,f=26.2 N/mm?
Acx,f=21.2 N/mm?

At =18.3 N/'mm? < AtRdf=69.6 N/mm?

At =21.7 Nf'mm? < AtRdf=87.0 N/mm?2
Acx,f=128.5 N'mm? > AoxRd,f=43.5 N/mm?
At =49.7 N'mm? < AtRdf=87.0 N/mm?2
Acx,f=16.7 N/mm? < Acx,Rd,f=78.3 N/'mm?
Acx,f=39.7 N'mm2 < AoxRd,f=43.5 N/'mm?
At =49.7 N'mm? < AtRdf=87.0 N/mm?2

<
<
<
<
Acx,f=21.2 N'mm2 < AcxRd,f=69.6 NJ'mm?
<
<
<
<

=
=
=
=
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= Us:=0.210 ok

= Us:=0.210 ok

Aox,Rd,f = 139.1 N/'mm2 = Uasx =0.190 ok

Aox,Rd,f=31.3 N/mm?2 = Uaex =0.933 ok
Acx,Rd,f =689.8 NNmm?2 = Uiex=0.418 ok
Aox,Rd,f = 31.3 N/mm?2 = Uasx =0.835 ok
= Uaox =0.304 ok
Aox,Rd,f=31.3 N/mm?2 = Uaex =0.933 ok
Acx,Rd,f =689.8 NNmm?2 = Uiex=0.418 ok
Aox,Rd,f = 31.3 N/mm?2 = Uasx =0.835 ok
Acx,Rd,f =689.8 NNmm?2 = Uaex =0.304 ok
= Ua:=0.263 ok
= Ua:=0.250 ok
= Uaox =2.955 not ok !!
Ua: = 0572 ok

Usex = 0.213 ok
Usox = 0.914 ok
Ua:=0.572 ok



30: y=16.0 mm, z=90.0 mm Acxf =167 N/'mm?2 < AcxRdf=783 N'mm? = Uisx=0.213 ok

2.2.3. final result

fatigue design [pt. 27]: max U=2.955 > 1 not ok !!

2.3. fatigue of bracket cross-section (FLS)
conversion internal forces at node -> bracket loads
moment error AMEd = Mj,b,Ed+FEd-Aa-Hed-Ah with Aa = 200.0 mm, Ah =60.0 mm
F1,ed = 5.00 kN
F2,ed = 15.00 kN
design values
Vz1,Ed = 5.00 kN
Vz2,Ed = 15.00 kN
detailed problems acc. to Eurocode 3 EC 3-1-9 (12.10), NA: Deutschland

2.3.1. input report

64
16 P A b b
N
(=]
w
™~ =]
S hn o
[ | 1Feiz0 |
9 " !
steel grade

steel grade S235, calculation parameters:
char. yield strength fy,t<40mm = 235.0 N/mm?, fyt<somm = 215.0 N'mm?, fy,t-80mm = 215.0 N/mm?
char. tensile strength fu,t<40mm = 360.0 N/mm?, fut<80omm = 360.0 N/mm2, fu,t-80mm = 360.0 N/mm?
elastic modulus E =210000.0 N/mm?
cross-section
beam: section IPE120
overall depth h = 120.0 mm, web thickness tw = 4.4 mm
flange width bi = 64.0 mm, flange thickness tt = 6.3 mm, gewalzt with r = 7.0 mm
rolled section, root radius r=7.0 mm
clear depth of web without root/weld dw = 93.4 mm
width of one flange side without root/weld cf = 22.8 mm
centroid distance from top zs = 60.0 mm
cross-sectional area A = 13.21 cm?, perimeter U = 47.52 cm
second moments of area ly = 317.75 cm#, |2 = 27.66 cm#
plastic section moduli Wpl,y = 60.72 cm?, Wpl,z = 13.57 cm?
effective shear arean Avy = 8.06 cm?, Avz =6.31 cm?
torsional moment of inertia It = 1.81 cm#
parameters
damage equivalent stress factors is = 1.000, A = 1.000
notch class / valid notch stresses at N = 2:108 cycles:

Pt. yf zf Aox,Rd AtRd Acz,Rd | notch point EC 3-1-9, tab.
mm mm N/mm?2 N/mm?2 N/mm?2
9 32.0 120.0, 160.0 0.0 0.0| at bottom flange 8.1(2)
13 2.2 13.3| 160.0 100.0 160.0| at beam web 8.1(2) 8.1(6) 8.10(1)
16 32.0 0.0] 160.0 0.0 0.0| at top flange 8.1(2)
loading
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Lc1: VzEed=5.00 kN

Lc2: VzEed=15.00 kN

transverse loading on top flange:

vertical single load Fzed = 15.0 kN, loading length ss =30.0 mm

material safety factor

design concept: damage tolerance, damage consequence: high = fatigue strength yms = 1.15

2.3.2. fatigue design

cross-sectional properties
A=13.21cm? zs=60.0mm, ly=317.76 cm?, ys=0.0 mm, |z=27.67 cm?

effective loading length leff = ss + 2tf = 42.6 mm, ss=30.0 mm, tt=6.3 mm

effective loading length refered ...

... to outer edge of flange ss = leff - 24t = 30.0 mm / ... to periphery of web sw = leff + 2:r = 56.6 mm
local stresses ...

... at beam web ooz = -60.2 N/mm?2, 10 = 12.0 N/mm?

elastic stresses / stress ranges

AoxEd = axmaxcoxmin, TEd = Tzmactxzmin + 210, AozEd = -ooz
pt. 13: yi=22mm, z¢=13.3 mm Le1: wz=9.1 Nlmm?2
2: 1xz=27.4 N/mm2
Ated = 42.3 N/mm2 AozEed = 60.2 N/mm?2
equivalent constand amplitude stress range
Aoxt= AoxEdie, Atf= AtEdhry Aozi= AczEd'Ae
pt. 13 yi=22mm, z¢=13.3 mm Arf = 42.3 N/mm2 Aozf=60.2 N/mm?

valid notch stresses

AcxRdf= AcxRdyM, AtRdf= AtRd/yMi, AczRdf= AczRdiyMi

pt. 9 yr=32.0mm, zi =120.0 mm
13 yf=2.2 mm, zi=13.3 mm AtRd,f = 87.0 N/mm? Acz,Rdf= 139.1 N/mm?
16: yf=32.0 mm, zs = 0.0 mm

verification of notch stresses
pt. 13 y=22mm,z=133 mm At =423 N/mm2 < AtRd,f=87.0 N/mm? = Ua:=0.487 ok
Aozf=60.2 N/mm2 < AozRd,f=139.1 NNmm2 = Uscz=0.433 ok

2.3.3. final result

fatigue design [pt. 13]: max U=0487 < 1 ok

3. final result

maximum utilization: max U=2.955 > 1 not ok !!
fatigue of the connection / of the section

resistance not ensured !!

4. Selected Design Parameters of the National Annex
EN 1993-1-1 (EC 3, Hochbau), NA Deutschland

chapter value definition
6.1(1) partial safety factors for structural steel
YMO =1.00 collapse of cross-section
YML =1.10 instability
YM2 =1.25 fracture cross-sections in tension
resp. resistance of bolts,
welds, plates in bearing

EN 1993-1-9 (EC 3, fatigue), NA Deutschland

chapter value definition

3(7) damage consequence partial safety factor of fatigue
Tow high
yve = 1.00 yme = 1.15 damage tolerance
yue = 1.15 yme = 1.35 failure without notice
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5. 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 1993-1-1:2005 + AC:2009, Ausgabe Dezember 2010
EN 1993-1-1/A1, Erganzungen zur EN 1993-1-1, Ausgabe Juli 2014

EN 1993-1-1/NA, Nationaler Anhang zur EN 1993-1-1, Ausgabe Dezember 2018

EN 1993-1-8, Eurocode 3: Bemessung und Konstruktion von Stahlbauten -

Teil 1-8: Bemessung von Anschllssen;

Deutsche Fassung EN 1993-1-8:2005 + AC:2009, Ausgabe Dezember 2010
EN 1993-1-8/NA, Nationaler Anhang zur EN 1993-1-8, Ausgabe Dezember 2010

EN 1993-1-9, Eurocode 3: Bemessung und Konstruktion von Stahlbauten - Teil 1-9: Ermidung;
Deutsche Fassung EN 1993-1-9:2006 + AC:2009, Ausgabe Dezember 2010
EN 1993-1-9/NA, Nationaler Anhang zur EN 1993-1-9, Ausgabe Dezember 2010
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