POS. 11: BEISPIEL T-CONNECTION

T-connection EC 3-1-8 (12.10), NA: Deutschland
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According to EC 3-1-8, 5.3 in a double-sided beam-columnn-joint each joint is modelled
separately.
centroidal axes of beams do not meet at a point (A = 30.0 mm) !!

steel grade

steel grade S235

column parameters

section HE240A

reinforcement of the section with transverse stiffeners (web stiffeners, dst = 288.1 mm):
thickness tst = 13.0 mm, width bst = 116.3 mm, length lst = 206.0 mm
recess at stiffeners cet = 31.5 mm
welds astf = 5.0 mm, astw = 4.0 mm
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double-sided beam-column joint, right
bolts
bolt class 10.9, bolt size M20
large wrench size (high strength bolt), preloaded (for info: preloading Fp,c* = 0.7-fyb-As = 154.3 kN)
shear plane passes through the unthreaded portion of the bolt
beam parameters
section IPE300
verification parameters
bolted end-plate connection:
thickness tp = 20.0 mm, width bp =200.0 mm, length Ip = 340.0 mm
projections hp,o = 20.0 mm, hp,u =20.0 mm
bolts in connection:
3 bolt-rows with 2 bolts
all bolt-rows considered individually
all bolt-rows for shear transfer (rows 1-3)
bolt groups generated automatically, considering all groups reg. row 1
centre distance of the bolts to the lateral edge of the end-plate e2 = 50.0 mm
centre distance of the first bolt-row to the upper edge of the end-plate (end row) eo = 70.0 mm
centre distance of the last bolt-row to the bottom edge of the end-plate (end row) ey = 70.0 mm
centre distance of the first bolt-row to the free edge of the column (end row) e1’ = 50.0 mm
centre distance of the bolt-rows from each other p1-2=70.0 mm, p2-3=130.0 mm
welds at the connection point:
beam flange top: fillet weld, weld thickness a = 6.0 mm
beam web: fillet weld, weld thickness a = 4.0 mm
beam flange bottom: fillet weld, weld thickness a = 6.0 mm
double-sided beam-column joint, left
beam parameters
section IPE240
verification parameters
welds at the connection point:
beam flange top: fillet weld, weld thickness a = 4.0 mm
beam web: fillet weld, weld thickness a = 4.0 mm
beam flange bottom: fillet weld, weld thickness a = 4.0 mm
internal forces and moments in the intersection point of system axes
Lk 1: Import LK 1

Nj,b1,Ed = -25.08 KN M;jb1,Ed = -53.71 kNm Vjp1,Ed = 61.01 kN (right) M2 Mot

Njb2,Ed = -17.20 KN Mjb2,Ed = -46.12 kNm Vjb2,Ed = -60.20 kN (left) N“'évbz |_l} o

Nj,c1,Ed =-121.21 kN Mj,c1,Ed = -7.58 kNm Vij,c1,Ed = -7.59 KN (bottom) Vet i
partial safety factors for material MC'\V
resistance of cross-sections ymo = 1.00 Net
resistance of members in stability failure ym1 =1.10
resistance of bolts, welds, plates in bearing ym2 = 1.25
notes
no verification for cross-sections.
2. Lk 1: Import LK 1
2.1. connection right
notes
connection is verified due to EC 3-1-8 regardless of preloading.
however, connections may be constructed with prestressed high strength bolts.
2.1.1. design values
internal forces at noperiphery connectionl zur connection plane partial internal forces and moments
NJ bz Nj b .

/‘ \ thpz b Up2 de Nt ”
— —— L
|V|Jb2 W /Mjb szé oy \v Nb NdZ____ 1‘; eg = Vc_\;T e Nox b
Vb2 sz dz\ oo || Vafify e2 : b
Nj.c l.l‘.v2 ‘ \/c :13"(1\; 'I.VZ ‘ \/c :1-"':'!.V ‘Nb,c;:: Z=y
UMC 5UM‘: ;'_\ic.w A{;Ni:
. NL e e | ! <

slope angle: ab=a=ov=0°

distance: e1=115.0 mm, e3=144.6 mm, e2=144.6 mm, es =115.0 mm, e7=174.6 mm, es =288.1 mm
internal forces and moments perpendicular to the connection planes

periphery beam (right)
Nd =25.08 kN, Md = 46.69 kNm, Vd4=61.01 kN
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periphery beam (left)

Ndz2 = 17.20 kN, Mdz = 39.20 kNm, Vdz =60.20 kN

periphery column (bottom)

Nec =121.21 kN, Mc =6.48 kNm, Ve =7.59 kN

partial internal forces and moments

internal forces and moments in the periphery end-plate-beam: M'd = Md - Vdtep = 45.47 KNm
Nb,t = -Nd-zbu/zb + M'd/zb = 144 .63 kN, zb =289.3 mm, zbu = 144.6 mm

Nb,c = Nd-Zbo/zb + M'd/zb = 169.71 kN, zb =289.3 mm, Zbo = 144.6 mm

basic component 1 is not calculated !!

2.1.2. connection capacity

transformation parameter: pj=0.141

2.1.2.1. moment resistance
distance of tension-bolt-rows from centre of compression: h1 =244.6 mm, h2=174.6 mm, h3z =44.6 mm

resistance per bolt-row (tension)

row 1: Fir,rd = 254.8 kN

row 2: Fir,rd = 196.0 kN

row 3: Fir,rd = 255.2 kN
SFtr,rd" = 706.0 kN

resistance per bolt-row (bending)
row 1: Fir,rd = 254.8 kN
row 2: Fir,rd = 196.0 kN
row 3: Fir,rd = 59.4 kN
EZFtr,Rd = 510.1 kN
potential failure by basic component 4, 7

resistance of flanges
TF¢,Rd" = 1020.3 kN

moment resistance

M;j,Rd = Z(Ftr,Ra-hr) = 99.2 kNm
tension resistance

NjtRd = ZFtr,Rd" = 706.0 kN
compression resistance
Nij,c,rd = ZFc,rd" = 1020.3 kN

2.1.2.2. shear/bearing resistance

resistance per bolt-row

row 1: Fvr,Rd = 146.0 kN

row 2: Fvr,Rd = 169.0 kN

row 3: Fvr,Rd = 265.3 kN
ZFvr,Rd = 580.4 kN

shear/bearing resistance
Vj,Rd = ZFvr,Rd = 580.4 kN

2.1.2.3. shear resistance

shear resistance of end plate

end-plate: Vep,Rd =674.59 kN

welds: Fw,Rd=413.36 kN

shear resistance of end plate: Vep,Rd = Fw,Rd = 413.36 kN

2.1.2.4. total
Mij,Rd = 99.2 kNm N;jt,Rd = 706.0 kN Njc,Rd = 1020.3 KN VjRd =580.4 kN Vep,Rd = 413.4 kN
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2.1.3. verifications

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

axial force: Nb,Ed = INdl = 25.08 kN < 5%'Npl,Rd = 63.23 kN = moment resistance
internal moment. Megd = Md - Nd'zbu = 43.06 kNm, zbu = 144.6 mm
shear force: VEd = IVdl =61.01 kN

Med/Mjrd =0.434 < 1 ok

shear/bearing resistance at 43.4% utilization of moment resistance Vjrd = 751.8 kN
VEd/VjRd =0.081 < 1 ok

VEd/Vep,Rd=0.148 < 1 ok

2.1.3.2. 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:

0
2 0000 3 1 weld1: aw=6.0mm lw=150.0 mm
weld2: aw=6.0mm lw =56.5 mm
weld 3:  siehe weld 2
weld4: aw=4.0mm lw = 248.6 mm
weld 5:  siehe weld 4

’—‘H weld6: aw=60mm  |w=56.5mm
z weld 7:  siehe weld 6

weld 8 aw=6.0mm lw =150.0 mm
1.#)..-"-2.(];.1
—_—m

1 ] 0

design values refering to centroid of the section:

NEd = -25.08 kN, My,ed = -46.69 kNm, VzEd =61.01 kN
cross-sectional properties refering to centroid of the line cross-section:
TAw =51.44 cm?, Awz=19.89cm? Zlw=102.3cm

lwy =7703.18 cm*, lw,z=672.40 cm?, Wwt=43.05cm? Azw=0.0 mm
verifications in weld edges:

weld 1, pt.0:  owx=86.04 N/mm? = Uw=0.338 < 1 ok
weld 2, pt.0:  owx=79.55N/mm? = Uw=0313 < 1 ok
weld4, pt.0: owx=70.46 N/mm?2 w,z = 30.68 N/mm? = Uwv=0314 < 1 ok

pt. 1.  owx=-80.21 N/mm? w,z = 30.68 N/mm?2 = Uy=0348 < 1 ok
weld 8, pt.0: owx=-89.31 N/mm? = Uy=0351 < 1 ok
weld 8, pt.0: owx=-9579 N/mm? = Uy=0376 < 1 ok
Result:

weld 8, pt.0: owx=-9579 N/mm?
Max: o1,w,Ed = 13.55 kN/cm2 < fiw,d = 36.00 kN/cm?,
o2,w,Ed =6.77 kNicm?2 < fow,d=25.92 kN/em2 = Uw=0.376 < 1 ok

2.1.3.3. verification of web stiffeners

compression stiffener

Fc,ed = 241.81 kN

forces per rib

F =0.5-Fced - (bt-2-r-tw)/bf = 96.0 kN, H=F - er/feH = 34.4 kN
assumption: stiffeners do not buckle: c/t=8.9¢ <33 = sectionclass 1<2 ok
cross-section at flange

compression resistance Ne,Rd = (A-fy) / ymo = 258.91 kN

design value: Fed = (F2 + 3:-H2)12=113.0 kN

Fed=118.0kN < FRa=258.9kN = U=0436 < 1 ok
cross-section at web

shear resistance Vrd = 363.34 kN

design value: Fed=F =96.0 kN

FEd=96.0kN < FR4=363.3kN = U=0.284 < 1 ok

flange welds

design values: Fed(os) = F/ (2:b1) = 5.66 kN/em, Fed(tp) = H/ (2'b1) =2.03 kN/em, b1 =84.8 mm
0% decrease of stress by pressure contact

o1,w,Ed = 13.383 KN/cm2 < fiw,d = 36.00 kN/cm? = U=0.370 < 1 ok
o2,w,Ed = 11.32 kN/cm? < few,d =25.92 kN/ecm? = U=04837 < 1 ok
web welds

design value: Fed(wp) = F/ (2:11) = 3.36 kN/em, |1 =143.0 mm

0% decrease of stress by pressure contact

o1,w,Ed = 14.583 kN/cm? < fiw,d = 36.00 kN/cm? = U=0.404 < 1 ok
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stiffener in tension

Ft,ed = 216.73 kN

forces per rib

F = 0.5-FtEed - (bi-2:r-tw)/bf = 86.0 KN, H=F - er/fen = 30.8 kN
cross-section at flange

tension resistance Nt,rd = 258.91 kN

design value: Fed = (F2 + 3:H?)1/2 = 101.3 kN
FEd=101.3kN < FR4=2589 kN = U=0.391 < 1 ok
cross-section at web

shear resistance Vrd = 363.34 kN

design value: Fed=F =86.0 kN

FEd=86.0kN < FR4=363.3kN = U=0.237 < 1 ok

2.1.3.4. elastic verification of the shear area

column web

requirements concerning stiffeners: s. verification of web stiffeners

requirements concerning shear area: shear buckling: hp/tp = 27.47 < 72/(n'¢) = 60.00 ok
internal forces and moments at web (sign definition of statics):

N1 =-17.20 kN, M1 =-39.56 kNm, V1 =-60.20 kN

Nz =-121.21 kN, M3 =-6.48 kNm, Vs =-7.59 kN

Na =-25.08 kN, Ma =-47.05 kNm, V4=61.01 kN

dimensions of the shear area: hp = 213.5 mm, ht = 206.0 mm, hi=217.0 mm, hr=276.1 mm
stresses within the shear area:

=83 N/mm2 t=85Nmm2 u=48.1 N/mm2 1 =36.1 Nmm?2

verification of the shear area:

max 1ed = 48.1 N'mm2 < trd=135.7 N/mm?2 = U=0.355 < 1 ok

2.1.3.5. verification result

maximum utilization: max U=0437 < 1 ok

2.2. connection left

2.2.1. design values

internal forces at noperiphery connectionl zur connection plane partial internal forces and moments
Jb2 f \ Lk.b_é_ 1’ U—bZ . \r}[ \J{ﬂ —0p Nb'
IVI N d2 d I e——p
e L aaTa A My N"?(\C D' - oMo,
Vip2 Vb Mp2 V Mdz\ do o || Yapiqe, ;
MJcTI’/VJc e3 hl\fbw
Nj,c l-r_N V (1\[ Vc V ‘Nb‘:/ U.\r
UM‘: .i_\i:.\lﬂ A_th
e | e e [T
slope angle: ob=o=oay=0°

distance: e1=115.0mm, ez =1746 mm, e2=174.6 mm, es=115.0 mm, e7=144.6 mm, es =288.1 mm

internal forces and moments perpendicular to the connection planes
periphery beam (right)

Nda =17.20 kN, Mg =39.20 kNm, Vg =60.20 kN

periphery beam (left)

Naz = 25.08 kN, Md2 =468.69 kNm, Vdz =61.01 kN

periphery column (bottom)

Ne =121.21 kN, Mc=-6.26 KNm, Ve =-7.59 kN

partial internal forces and moments

Nb,t = -Nd-zbu/zb + Md/zb = 161.89 kN, zb =230.2 mm, zpbu=115.1 mm
Nb,c = Nd'zbo/zb + Md/zb = 178.89 kN, zb =230.2 mm, zbo = 115.1 mm

basic component 1 is not calculated !!

2.2.2. connection capacity

transformation parameter: pj=0.164
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2.2.2.1. moment resistance
distance between tension force and centre of compression: z =230.2 mm

resistance
Frd =297.5 kN

resistance of flanges (compression)
TFe¢Rd" =595.1 kN

moment resistance

Mj,Rd = FRd-z = 68.5 kNm
tension resistance

Njt,Rd = Ft,Rd = 733.2 kN
compression resistance
Nj,c,Rd = ZF¢,Rd" = 595.1 kN

2.2.3. verifications

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

axial force: Nb,ed = INdl = 17.20 kN < 5%'Npl,Rd = 45.96 kN = moment resistance
internal moment. Megd = Md - Nd'zbu = 37.22 kNm, zpbu = 115.1 mm
shear force: VEd = IVdl =60.20 kN

Med/Mjrd =0.543 < 1 ok

2.2.3.2. 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:
1$ 1 o
P60 1 weld 1t aw=4.0mm lw = 120.0 mm
weld2: aw=4.0mm lw=41.9mm
weld 3:  siehe weld 2
weld4: aw=4.0mm lw=190.4 mm
weld 5. siehe weld 4
'_m' weld 8: aw=4.0 mm lw =41.9 mm
z weld 7:  siehe weld 8
weld 8: aw=4.0mm lw=120.0 mm
il
1 6§ 0 /N 0 7 9
e

design values refering to centroid of the section:

NEd = -17.20 kN, Myed = -39.20 kNm, VzEd = 60.20 kN
cross-sectional properties refering to centroid of the line cross-section:
TAw = 31.54 cm?, Awz=15.23cm? Zlw=78.8cm

lwy = 2856.70 cm*, lw,z=228.70 cm?, Wwt=231.29 cm? Azw =0.0 mm
verifications in weld edges:

weld 1, pt.0:  owx=171.61 N/mm? = Uw=08674 < 1 ok
weld 2, pt.0:  owx=157.15 N/mm? = Uw=0817 < 1 ok
weld4, pt.0:  owx=135.02 N/'mm2  1wz=39.52 N/'mm? = Uw=0.563 < 1 ok

pt. 1.  owx=-14593 N/mm2 1wz =39.52 N/mm?2 = Uy=0604 < 1 ok
weld 8, pt.0: owx=-168.06 N/mm2 = Uw=0660 < 1 ok
weld 8, pt.0: owx=-182.52 N/mm? = Uw=0717 < 1 ok
Result:

weld 8, pt.0: owx=-182.52 N/mm?
Max: o1,w,Ed =25.81 kN/cm2 < fiw,d = 36.00 kN/cm?,
o2wEd = 12.91 kN/cm?2 < fow,d =25.92 kN/cm2 = Uw=0.717 < 1 ok

2.2.3.3. verification of web stiffeners

compression stiffener

Fec,Ed = 180.46 kN

forces per rib

F =0.5FcEd  (bf-2:r-tw)/bf = 71.6 kN, H=F : er/en = 25.7 kN

assumption: stiffeners do not buckle: c/t = 8.9 <33:¢ = sectionclass 1<2 ok
cross-section at flange

compression resistance Ne,Rd = (A-fy) / ymo = 258.91 kN

design value: Fed = (F2 + 3:H2)1/2 = 843 kN

FEd=84.3kN < FRa=2589 kN = U=0.326 < 1 ok
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cross-section at web

shear resistance VRd = 363.34 kN

design value: FEd=F =71.6 kN

FEd=718kN < FRa=363.3kN = U=0.197 < 1 ok

flange welds

design values: Fed(os) = F/ (2:b1) = 4.23 kN/em, Fed(wmp) =H/ (2:b1) = 1.52 kN/em, b1 =84.8 mm
0% decrease of stress by pressure contact

o1,w,Ed = 9.95 kN/em? < fiw,d = 36.00 kN/cm? = U=0.276 < 1 ok
o2,w,Ed = 8.45 kN/cm? < faw,d =25.92 kN/cm? = U=0.326 < 1 ok
web welds

design value: Fed(wp) = F/ (2:11) =2.50 kN/em, 11 =143.0 mm

0% decrease of stress by pressure contact

o1,w.Ed = 10.84 kN/cm? < fiw,d = 36.00 kN/cm? = U=0.301 < 1 ok
stiffener in tension

Ft,ed = 163.26 kN

forces per rib

F =0.5-Fted - (bf-2-r-tw)/bf =64.8 kN, H=F - erfen =23.2 kN
cross-section at flange

tension resistance Nt,rd = 258.91 kN

design value: Fed = (F2 + 3:H2)12=76.3 kN

FEd=76.3kN < FRa=2589 kN = U=0.295 < 1 ok
cross-section at web

shear resistance VR4 = 363.34 kN

design value: Fed=F =64.8 kN

FEd =648kN < FRa=3633 kN = U=0.178 < 1 ok

2.2.3.4. elastic verification of the shear area

column web

requirements concerning stiffeners: s. verification of web stiffeners

requirements concerning shear area: shear buckling: hp/tp = 27.47 < 72/(n'¢) = 60.00 ok
internal forces and moments at web (sign definition of statics):

N1 =-25.08 kN, M1 =-47.05 kNm, V1=-61.01 kN

N3 =-121.21 kN, M3 =6.26 kNm, V3 =7.59 kN

Na =-17.20 kN, M4 =-39.56 kNm, V4 =60.20 kN

dimensions of the shear area: hp =213.3 mm, ht = 206.0 mm, hi=276.1 mm, hr=217.0 mm
stresses within the shear area:

=83 N/mm2 t=85Nmm2 =356 Nmm2 r=47.4N/mm?2

verification of the shear area:

max 1ed = 47.4 N'mm2 < trd=135.7 N/mm2 = U=0.350 < 1 ok

2.2.3.5. verification result

maximum utilization: max U=0.717 < 1 ok

3. final result

utilization of the connection
equilibrium

>H 3V M

kN kN kNm

1 | 0.717%] 0.29 0.00 0.00 ok

Uj: utilization of the connection; tolerances of equilibrium 1 kN /1 kNm
*) maximum utilization

Lk

Uj

maximum utilization: max U=0.717 < 1 ok

verification succeeded

4. Regulations

DIN EN 1990, Eurocode 0: Grundlagen der Tragwerksplanung;
Deutsche Fassung EN 1990:2002 + A1:2005 + A1:2005/AC:2010, Ausgabe Dezember 2010
DIN EN 1990/NA, Nationaler Anhang zur DIN EN 1990, Ausgabe Dezember 2010

DIN 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
DIN EN 1993-1-1/A1, Erganzungen zur DIN EN 1993-1-1, Ausgabe Juli 2014
DIN EN 1993-1-1/NA, Nationaler Anhang zur DIN EN 1993-1-1, Ausgabe September 2017

DIN EN 1993-1-8, Eurocode 3: Bemessung und Konstruktion von Stahlbauten -
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Teil 1-8: Bemessung von Anschllssen;
Deutsche Fassung EN 1993-1-8:2005 + AC:2009, Ausgabe Dezember 2010
DIN EN 1993-1-8/NA, Nationaler Anhang zur DIN EN 1993-1-8, Ausgabe Dezember 2010
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