POS. 32: BEISPIEL BOLTED

T-connection EC 3-1-8 (12.10), NA: Deutschland
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details (section A - A)
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details (section B - B)
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According to EC 3-1-8, 5.3 in a double-sided beam-columnn-joint each joint is modelled
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separately.

steel grade
steel grade S235
column parameters
section IPE330
reinforcement of the section by 1 supplementary web plate(s):
thickness ts = 7.5 mm, width be =271.0 mm
weld thickness as = 7.5 mm
reinforcement of the section with transverse stiffeners (web stiffeners, dst = 286.1 mm):
thickness tst = 17.0 mm, width bst = 76.3 mm, length Ist = 307.0 mm
recess at stiffeners cst =27.0 mm
welds astf = 9.0 mm, ast,w = 4.0 mm
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
flange reinforcement: thickness top = 10.0 mm, width bbp = 80.0 mm, length Ibp = 80.0 mm
beam parameters
section IPE300
verification parameters
bolted end-plate connection:
thickness tp = 20.0 mm, width bp = 160.0 mm, length Ip = 320.0 mm
projections hp,o = 0.0 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 = 35.0 mm
centre distance of the first bolt-row to the upper edge of the end-plate (end row) eo = 50.0 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 =5.0 mm
beam web: fillet weld, weld thickness a = 5.0 mm
beam flange bottom: fillet weld, weld thickness a = 7.0 mm
double-sided beam-column joint, left
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
flange reinforcement: thickness top = 10.0 mm, width bbp = 80.0 mm, length Ibp = 80.0 mm
beam parameters
section IPE300
verification parameters
bolted end-plate connection:
thickness tp = 20.0 mm, width bp = 160.0 mm, length Ip = 320.0 mm
projections hp,o = 0.0 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 = 35.0 mm
centre distance of the first bolt-row to the upper edge of the end-plate (end row) eo = 50.0 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 =5.0 mm
beam web: fillet weld, weld thickness a = 5.0 mm
beam flange bottom: fillet weld, weld thickness a = 7.0 mm
internal forces and moments at the joint periphery perpendicular to the connection plane
Lk 1: Nd1=300.00 kKN Md1 =80.00 kNm Va1 =200.00 kN

Lk2: Nd1=-140.00 kN Mad1 =80.00 kNm Va1 =200.00 kN Vo2
Lk 3: Md1 =80.00 kNm Va1 =200.00 kN Nb2 l
partial safety factors for material M2

resistance of cross-sections ymo = 1.00
resistance of members in stability failure ym1 =1.10
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resistance of bolts, welds, plates in bearing ym2 = 1.25
prestressing of high strength bolts ym7 = 1.10

2. 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

1 zur connection plane partial internal forces and moments
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sign definition of EC3: a positive axial force means compression, a positive bending moment produces tension at the top
slope angle: ab=a=ov=0°
slope angle: ab2 = a2 = ow2 = 0°

distance: e1=165.0 mm, e3 =144.6 mm, e2=144.6 mm, es=165.0 mm, e7=144.6 mm, es =286.1 mm

internal forces and moments perpendicular to the connection planes
periphery beam (right)
Nd = 300.00 kN, Md =80.00 kNm, Va=200.00 kN
partial internal forces and moments
internal forces and moments in the periphery end-plate-beam: M'd = Md - Vdtep = 76.00 KkNm
Nb,t = -Nd-zbu/zb + M'd/zb = 112.70 kN, zb =289.3 mm, zbu = 144.6 mm
Nb,c = Nd'zbo/zb + M'd/zb = 412.70 kN, zb =289.3 mm, zbo = 144.6 mm

2.1.2. resistance of cross-section

plastic cross-sectional check for N =-300.00 kN, My = -76.00 kNm, Vz = 200.00 kN

elastic stresses: max ox = 8.06 kN/cm?2, min ox =-19.21 kN/em?, max t = 10.59 kN/cm?

valid normal/shear stress: zul ord = 23.50 kN/cm?, zul trd = 13.57 kN/cm?

top flange: resistance forces Nmax,0 = 377.18 kN, Nmin,0 = -377.18 kN

bottom flange: resistance forces Nmax,u = 377.18 kN, Nmin,u = -377.18 kN

web: shear force Vs = 200.00 kN, shear stress 15 =9.74 kN/cm?2 = U,s=0.718
resistance forces Nmax,s = 336.15 kN, Nmin,s = -336.15 kN

main bending: axial force N = -8300.00 kN, resistance forces Nmax = 1090.50 kN, Nmin = -1090.50 kN = Un =0.275
moment My = -76.00 kNm, resistance moments My,max = 114.06 KNm, My,min = -114.06 KNm = Umy = 0.666

total (possibly due to load increase): max U =0.830 < 1 ok

utilizations: resistance Us = 0.830 < 1 ok, c/t-ratio Uet=0.394 < 1 ok

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

2.1.3. connection capacity

transformation parameter: pj=1.000

2.1.3.1. moment resistance
distance of tension-bolt-rows from centre of compression: h1 =244.6 mm, h2=174.6 mm, h3z =44.6 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 = 239.3 kN
row 2: Fir,rd = 234.9 kN
row 3: Fir,rd = 240.8 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
Gk 3: AFtr,Rd = Ft,we,Rd - ZFtr,Rd = 540.8 kN Ftr,rd = 239.3 kN < AFtr,Rd = Ftr,Rd =239.3 kN
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Gk 4

AFtr,Rd = Ft,fe,Rd - ZFtr,rd = 453.3 kKN

Firrd = 239.3 kN < AFtr,Rd = Ftr,Rd = 239.3 kN

row 2:  ZFt,Rd = 239.3 kN (due to row 1)
Gk 3: AFtrRd = Ft,we,Rd - ZFtr,Rd = 301.5 kN FtrRd = 234.9 kN < AFtrRd = FtrRd = 234.9 kN
Gk 4: AFtrRd = Ftfc,Rd - ZFtr,Rd = 214.0 kN FtrRd = 234.9 kN > AFtrRd = FtrRd=214.0 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: ZFtr,rd = 0.0 kN
Gk 5: AFtr,Rd = Ft,ep,Rd - ZFtr,Rd = 530.1 kN FirRd = 239.3 kN < AFir,Rd =
Gk 8: AFtr,Rd = Ft,wb,Rd - ZFtr,Rd = 455.4 kN FirRd = 239.3 kN < AFir,Rd =
row 2:  XFi,rd =239.3 kN (due to row 1)
Gk 5: AFtr,Rd = Ft,ep,Rd - ZFtr,Rd = 290.8 kN FirRd =214.0 kN < AFir,Rd =
Gk 8: AFtr,Rd = Ft,wb,Rd - ZFtr,Rd = 216.1 kN FirRd =214.0 kN < AFir,Rd =
resistance per bolt-row (tension)
row 1: Ftr,Rrd = 239.3 kN
row 2: Ftr,rd = 214.0 kN
row 3: Ftr,rd = 240.8 kN
TFtrRrd" = 694.1 kN
deductions acc. to EC 3-1-8, 6.2.7.2(7)
decisive basic components: 1, 2, 7
row 1: ZFtr,rd = 0.0 kN
Gk 1:  AFtr,Rd = Vwp,Rd/Bj - ZFtr,Rd = 641.8 kN Fir,Rd = 239.3 kN < AFir,Rrd =
Gk 2: AFt,Rd = Few,Rd - ZFtr,Rd = 581.1 kN FirRd = 239.3 kN < AFir,Rd =
Gk 7: AFt,Rd = Fe,f,Rd - ZFtr,Rd = 499.0 kN FirRd = 239.3 kN < AFir,Rd =
row 2:  ZFir,Rd=239.3 kN (row 1)
Gk 1:  AFtr,Rd = Vwp,Rd/Bj - ZFtr,Rd = 402.5 kN FirRd = 214.0 kN < AFi,rd =
Gk 2: AFt,Rd = Few,Rd - ZFtr,Rd = 341.8 kN FirRd =214.0 kN < AFir,Rd =
Gk 7: AFt,Rd = Fe,f,Rd - ZFtr,rd = 259.7 kN FirRd =214.0 kN < AFir,Rd =
row3:  ZFi,rd=453.3 kN (rows 1to 2)
Gk 1:  AFtr,Rd = Vwp,Rd/Bj - ZFtr,Rd = 188.5 kN Fir,Rd = 240.8 kN > AFir,Rd =
Gk 2: AFt,Rd = Few,Rd - ZFtr,Rd = 127.8 kN FtrRd = 188.5 kN > AFwRd =
Gk 7: AFtr,Rd = Fef,Rd - ZFtr,Rd = 45.7 kN FirRd = 127.8 kN > AFtr,Rd =

check acc. to EC 3-1-8, 6.2.7.2(9)

decisive basic component: 10
Ftx,Rrd = 239.3 kN, hx =244.6 mm = Fix,Rd < lim Ftx,Rd = 335.2 kN, no deduction
Ftx,Rd = 214.0 kN, hx=174.6 mm = Fix,Rd < lim Ftx,Rd = 335.2 kN,

row 1:
row 2:

resistance per bolt-row (bending)

row 1: Fir,rd = 239.3 kN
row 2: Firrd = 214.0 kN
row 3: Fir,rd = 45.7 kN

EFitr,Rd = 499.0 kN

potential failure by basic component 4, 7

Fir,Rd = 239.3 kN
Fir,Rd = 239.3 kN

Fir,Rd = 214.0 kN
Fir,Rd = 214.0 kN

Fir,Rd = 239.3 kN
Fir,Rd = 239.3 kN
Fir,Rd = 239.3 kN

Fir,Rd = 214.0 kN
Fir,Rd = 214.0 kN
Fir,Rd = 214.0 kN

Fir,Rd = 188.5 kN
Fir,rd = 127.8 kN
Fir,rd = 45.7 kN

no deduction

resistance of flanges (compression)
TFcRd = 997.9 kN

moment resistance regarding the centre of compression
Mj,Rd = Z(Ftr,Rd'hr) = 98.0 kNm

tension resistance

Njt,Rd = ZFtr,Rd" = 694.1 kN

compression resistance

Nijc,Rd = ZF¢,Rd" = 997.9 kN

2.1.3.2. shear/bearing resistance

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

row 1: Fvr,Rd = 301.6 kN
row 2: Fvr,Rd = 268.5 kN
row 3: Fvr,Rd = 301.6 kN

deductions depending on tension force (at 100% utilization of moment resistance)
decisive basic component: 10

row 1: Fvr,Rd = fvt - 301.6 kN =1555kN  with fwt=1 - FtrRd/ (1.4-ZFtRd) = 0.516
row 2: Fvr,Rd = fut - 268.5 kN =152.1 kN with fvt=1 - FtrRd/ (1.4-ZFt,Rd) = 0.567
row 3: FvrRd = fut - 301.6 kN =273.7 kN  with fwt=1 - FtrrRd/ (1.4-ZFt,Rd) = 0.908

resistance per bolt-row
row 1: Fvr,Rd = 155.5 kN
row 2: Fvr,Rd = 152.1 kN
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row 3: Fvr,Rd = 273.7 kN
YFvr,Rd = 581.3 kN

shear/bearing resistance
Vj,Rd = ZFvr,Rd = 581.3 kN
2.1.3.3. shear resistance

shear resistance of end plate

end-plate: Vep,Rd = TRdt-leff = 674.59 kN, tRd = 135.7 N/mm2, t=20.0 mm, leff = dw =248.6 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 =516.71 kN, a =5.0 mm, leff = dw = 248.6 mm

shear resistance of end plate: Vep,Rd = Fw,Rd = 516.71 kN

shear resistance of column web
decisive basic component: 1

Vwp,Rd/Bj = 641.8 kN

2.1.3.4. total
Mij,Rd = 98.0 kNm N;jt,Rd = 694.1 kN Njc,Rd =997.9 kN VjRd =581.3 KN Vwp,Rd/Bj=641.8 KN Vep,Rd =516.7 kN

2.1.4. verifications

calculation of internal lever arm zeq s. rotational stiffness

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

axial force: Nb,Ed = INdl = 300.00 kN > 5%‘Npi,rd = 63.23 kN = bending/comporession resistance
regarding beam axis with NpI,Fid = Ab‘fyb / MO = 1264.58 kN
axial force: NEd = INgl = 300.00 kN

perpend. to connection plane

internal moment: Med = Md = 80.00 kNm
perpend. to connection plane

shear force: VEd = IVdl = 200.00 kN
parallel to connection plane
shear force: Vew,Ed = (Md1,w-Mdz2,w)/z - (Ve1-Ve2)/2 = 413.99 kN, Md1,w = 82.3 kNm, Md2,w =0.0 kNm, z =198.8 mm

in column web

bending/comporession resistance

Ned/Nj,c,Rd + Med&/MjRd = 0.301 + 0.817 =1.117 > 1 fault !l
shear/bearing resistance at 100% utilization of moment resistance
Ved/VjRd =0.344 < 1 ok

shear resistance of column web

Vc,w‘Ed"(pr,FidJ"Bj) =0645 < 1 ok

shear resistance of end plate

Ved/Vep,Rd = 0.387 < 1 ok

2.1.4.2. 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:
s 1 o
2 o",0%0 5 weld 1 aw=5.0mm lw=150.0 mm
weld2: aw=5.0mm lw =56.5mm

weld 3: siehe weld 2
weld 4. aw=50mm lw = 248.6 mm
weld 5: siehe weld 4

’—W weld6: aw=7.0mm  lw=565mm
z weld 7: siehe weld 6
weld 8: aw=7.0 mm lw =150.0 mm
1411
(P P N B A
—_—

1 g ()]

design values refering to centroid of the section:
NEd = -300.00 kN, My,Ed =-80.00 kNm, VzEgd=200.00 kN

cross-sectional properties refering to centroid of the line cross-section:
ZAw =56.41 cm2, Awz=24.86cm? Zlw=102.3cm
lw,y = 7855.63 cm#, lw,z=673.03 cm4, Wwt=53.81cm? Azw=13.6 mm

stresses in weld edges:
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weld1, pt.0: owx=113.38 N/mm?2
weld2, pt.0: owx=102.48 N/mm?
weld 3, pt.0: siehe weld 2
pt. 1:  siehe weld 2
weld4, pt.0:  owx=87.20 N'mm?2 tw,z = 80.45 N/mm?
pt. 1 owx=-185.97 N'mm2 1wz = 80.45 N/mm?
weld 5, pt.0: siehe weld 4
pt. 1:  siehe weld 4
weld6, pt.0: owx=-181.24 N/mm?2
weld7, pt.0: sieheweld8
pt. 1:  siehe weld 8
weld 8, pt.0:  owx=-192.14 N/mm?2

verifications in weld edges:

verification of weld 1, pt. O:
stresses on the design area of the weld (o = 45°):
ow,Ed = ow,x = 113.4 N/mm?2
resultant weld force Fw,Ed = ow,Ed-a = 5.67 kN/cm
resistance of a weld: Fw,Rd = fvw,d'a = 10.39 kN/em, fyw,d = 207.85 N/mm2, a=5.0 mm
Fw,ed =5.67 kN/em < Fwrd=10.39kN/cm = U=0545 < 1 ok

verification of weld 2, pt. O:
stresses on the design area of the weld (o = 45°):
ow,Ed = ow,x = 102.5 N/mm?
resultant weld force Fw,Ed = ow,Ed-a = 5.12 kN/cm
resistance of a weld: Fw,Rd = fvw,d'a = 10.39 kN/em, fyw,d = 207.85 N/mm2, a=5.0 mm
Fw,Eed =5.12 kN/em < FwRrd=10.39kN/cm = U=0493 < 1 ok

verification of weld 4, pt. O:
stresses on the design area of the weld (« = 45°):
ow,Ed = (owx® + w,z2)12 = 118.6 N/'mm?
resultant weld force Fw,Ed = ow,Ed'a = 5.93 kN/cm
resistance of a weld: Fw,Rd = fvw,d'a = 10.39 kN/cm, fww,d =207.85 N/mm?2, a=5.0 mm
Fw,Ed =5.93 kNfem < FwRrd=10.39 kN/cm = U=0571 < 1 ok

verification of weld 4, pt. 1:
stresses on the design area of the weld (o = 45°):
ow,Ed = (ow,@ + w,z2)12 = 184.4 N/mm?
resultant weld force Fw,Ed = ow,Ed'a = 9.22 kN/cm
resistance of a weld: Fw,Rd = fvw,d'a = 10.39 kN/cm, fww,d =207.85 N/mm?2, a=5.0 mm
Fw,Ed =9.22 kNfem < FwRrd=10.39 kN/cm = U=0.887 < 1 ok

verification of weld 6, pt. 0:
stresses on the design area of the weld (o = 45°):
ow,Ed = ow,x = 181.2 N/mm?
resultant weld force Fw,Ed = ow,Ed'a = 12.69 kN/cm
resistance of a weld: Fw,Rd = fvw,d'a = 14.55 kKN/cm, fww,d =207.85 N/mm?2, a=7.0 mm
Fw,Ed =12.69 kN/cm < FwRrd=14.55kN/cm = U=0.872 < 1 ok

verification of weld 8, pt. 0:
stresses on the design area of the weld (o = 45°):
ow,Ed = ow,x = 192.1 N/mm?
resultant weld force Fw,Ed = ow,Ed'a = 13.45 kN/cm
resistance of a weld: Fw,Rd = fvw,d'a = 14.55 kKN/cm, fww,d =207.85 N/mm?2, a=7.0 mm
Fw,Ed = 13.45 kN/cm < FwRrd=14.55kN/cm = U=0.924 < 1 ok

Result:
weld 8, pt. 0:  owx=-192.14 N/mm?2
Max: Fw,ed=13.45 kN/cm < FwRrd=14.55 kN/cm = Uw=0.924 < 1 ok

2.1.4.3. verification of web stiffeners

NR,t = (-Nd'Zbu + Md) / Z = 18413 kN, Z = Zeq=198.8 mm, zZbu= 1446 mm
NR,c = (Nd-Zbo + Md) / z = 484 .13 kN, Z = Zeq = 198.8 mm, Zbo = 54.1 mm
compression stiffener
Fec,Ed = NR,c = 484.13 kN
verification of the welds with the simplified method.
dimensions, lever arms, forces per rib
br =bst=76.3 mm, b1=Dbgr-rR =49.3 mm, eF =br-0.5b1=51.6 mm with re =27.0 mm
Ir = lst = 307.0 mm, l1 =Ig-2:trr =253.0 mm, eH =Ir =307.0 mm, tr =17.0 mm
F =0.5:-FcEd - (bf-2-r-tw)/bf = 176. 3 kN, H=F - erlfen = 29.6 kN
assumption: stiffeners do not buckle (verification method 'elastic-plastic’ = max. section class 2)
c/t-ratio c/t = 4.49 < 33.00 = 33, ¢=(235/fy)12=1.00 = section class 1 <2 = assumption succeeded !!
cross-section at flange
compression resistance Ne,Rd = (A-fy) / ymo = 196.75 kN
design value: Fed = (F2+ 3-H?)1/2 = 183.6 kN
FEd=18368 kN < FRa=1968kN = U=0.933 < 1 ok
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cross-section at web
shear resistance VRd = 708.10 kN
design value: FEd=F =176.3 kN
FEd=176.3KN < FRd=708.1kN = U=0.249 < 1 ok
flange welds
fillet weld with a = 9.0 mm
weld thickness a = 9.0 mm > amax = 0.7 tmin = 8.0 mm !!
weld thickness a = 9.0 mm > amax = 0.7 tmin = 8.0 mm !!
resistance of a weld: Fw,Rd = fvw,d-a = 18.71 kN/cm, fyw,d =207.85 N/mm?, a=9.0 mm
design value: Fed = (F2+ H2)12/ (2:b1) = 18.15 kN/cm
0% decrease of stress by pressure contact
FEd=18.15 kN/cm < Frd=18.71 kN/cm = U=0.970 < 1 ok
web welds
fillet weld with a = 4.0 mm
resistance of a weld: Fw,Rd = fvw,d-a = 8.31 kN/cm, fww,d =207.85 N/mm?, a=4.0 mm
design value: Fed=F/ (2:[1) = 3.48 kN/em
0% decrease of stress by pressure contact
FEd =348 kN/em < FrRd=8.31 kN/em = U=0419 < 1 ok
stiffener in tension
Fted = NRr,t = 184.13 kN
dimensions, lever arms, forces per rib
br =bst=76.3 mm, b1=Dbgr-rR =49.3 mm, erF =br-0.5b1 =516 mm with rr=27.0 mm
IR=Ilst=307.0mm, 1 =IR-2R=253.0mm, eH=Ir=307.0mm, tr=17.0 mm
F =0.5Fted - (bf-2:r-tw)/bf =67.0 kN, H=F - erfen = 11.3 kN
cross-section at flange
tension resistance Ntrd = 196.75 kN
design value: Fed = (F2 + 3-H2)1/2 = 69.8 kN
FEd=69.8 kN < FRa=1968kN = U=0.355 < 1 ok
cross-section at web
shear resistance VRd = 708.10 kN
design value: FEa=F =67.0 kN
FEd=67.0kN < FRa=708.1 kN = U=0.095 < 1 ok

2.1.4 .4, verification result

maximum utilization: max U=1.117 > 1 fault !l
failure at verification of bending: U = 1.117

2.1.5. rotational stiffness

stiffness coefficients
equivalent stiffness coefficient for 3 tension-bolt-rows:
effective stifiness coefficient for bolt-row 1;
ks = 0.9-lefftp? / m3 = 22.69 mm, leff = 144.5 mm, m =35.8 mm
kio =1.6:As/ b =6.15 mm, Lb =1ges + 2:tp + (tk+tm)/2 =63.8 mm, tges =41.5 mm
ks = O.Y'beif,t,wc‘iwcf' dc=3.26 mm, beﬂ‘t‘wc =168.4 mm
ka = 0.9 leffttc® / m® =9.04 mm, leff = 127.8 mm, m=26.9 mm
E(1/ki,1) = 1/ks + 1/ka + 1/ks + 1/k10 = 0.624 = kefr,1 =1/ Z(1/ki,1) = 1.603 mm
effective stifiness coefficient for bolt-row 2;
ks = 0.9lefftp? / m3 =20.17 mm, leff = 128.5 mm, m =35.8 mm
kio=1.6:As/ b =6.15 mm, Lb =1ges + 2:tp + (tk+tm)/2 =63.8 mm, tges =41.5 mm
ks = 'C:‘.:"‘beif,t,'.m'|::‘1w|r:JI'r dec=2.93 mm, beﬂ,t,wc =151.2 mm
ka = 0.9 leffttc® / m2 =7.82 mm, leff = 110.6 mm, m =26.9 mm
S(1/ki2) = 1/ks + 1/ka + 1/ks + 1/k10 = 0.682 = kefiz =1/ Z(1/ki2) = 1.467 mm
effective stifiness coefficient for bolt-row 3:
ks = 0.9lefrtp? / m® = 31.87 mm, leff = 203.0 mm, m=35.8 mm
kio=1.6:As/ b =6.15 mm, Lb =1ges + 2:1p + (k+tm)/2 = 63.8 mm, tges =41.5 mm
k3 = 0.7 -beff t,wetwe / de = 3.27 mm, Dbeff,twe = 168.7 mm
ka = 0.9-lefitte® / m® = 11.93 mm, leff = 168.7 mm, m =26.9 mm
Z(1/ki3) = 1/ka + 1/ka + 1/ks + 1/k10 = 0.584 = keff,3 =1/ Z(1/ki3) = 1.713 mm
equivalent internal lever arm: zeq = Z(keff,r-hr?) / Z(ketf,rhr) = 198.8 mm
Keq = Z(Keff,rrhr) / Zeq = 3.646 mm
stiffness coefficient of basic component 1:
k1=0.38Avc/ ($-z) =9.77 mm, Ave=51.13cm? B=1.0, z=198.8 mm
stiffness coefficient of basic component 2:
ke = = (stiffened)
sum of stiffness coefficients Z(1/ki) = 1/k1 + 1/k2 + 1/keq = 0.377
rotational stiffness
initial rotational stiffness: Sj,ini = (E-z2) / Z(1/ki) = 22037.8 kNm/rad, z = Zeq=198.8 mm
internal moments at the connection point reg. centre of compression: Mj,Ed = 36.61 kNm, M;Rd = 97.96 KNm
axial force in the beam: Nb,Ed = Nd = 300.00 kN
INb,Edl = 300.00 kN > 5%-Npl,Rd = 63.23 kN = rotational stiffness poss. inexact !!
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with Npl,Rd = Ab-fyb / ymMo = 1264.58 kN
IMj,Edl =36.61 KNm < 2/3 MjRd =653 kNm = p=1
rotational stiffness: Sj,Rd = Sj,ini / 1 = 22037.8 kNm/rad
rotation: ¢j,Ed = Mj,Ed / Sj,Rd = 0.095°

2.2. connection left

notes
connection is verified due to EC 3-1-8 regardless of preloading.
however, connections may be constructed with prestressed high strength bolts.

2.2.1. design values
1 zur connection plane partial internal forces and moments
a0 TFav Np,t

Nz / Va2 Var \Ng eg b
i e v I R
e da | O ‘Mdeg

7] lwa
II.\.Q :‘ L :Lv | ‘Nbc //’ “"
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UME !L_‘:-r A{—Nb‘c
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sign definition of EC3: a positive axial force means compression, a positive bending moment produces tension at the top

slope angle: ab=a=ov=0°
slope angle: ab2 = a2 = ow2 = 0°
distance: e1=165.0 mm, e3 =144.6 mm, e2=144.6 mm, es=165.0 mm, e7=144.6 mm, es =286.1 mm

internal forces and moments perpendicular to the connection planes
periphery beam (left)
Nd2 = 300.00 kN, Md2 = 80.00 kNm, Vg2 =200.00 kN
partial internal forces and moments
internal forces and moments in the periphery end-plate-beam: M'd = Md - Vdtep = 0.00 kNm

2.2.2. resistance of cross-section
end-plate joint: basic components: 1, 2, 3, 4, 5, 7, 8, 10, 11, 12

2.2.3. connection capacity

transformation parameter: pj=1.000

2.2.3.1. moment resistance
distance of tension-bolt-rows from centre of compression: h1 =244.6 mm, h2=174.6 mm, h3 =44.6 mm

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

row 1: Ftr,rd = 239.3 kN
row 2: Ftr,rd = 234.9 kN
row 3: Ftr,rd = 240.8 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: EFtr,rd = 0.0 kN
Gk 3: AFtr,Rd = Ft,we,Rd - ZFtr,Rd = 540.8 kN Ftrrd = 239.3 kN < AFtrRd = Ftr,Rd =239.3 kN
Gk 4: AFt,Rd = Ftfe,Rd - ZFtr,Rd = 453.3 kN Firrd = 239.3 kN < AFir,Rd = FirRd =239.3 kN
row 2:  ZFt,Rd = 239.3 kN (due to row 1)
Gk 3: AFtr,Rd = Ft,we,Rd - ZFtr,Rd = 301.5 kKN Firrd = 234.9 kN < AFtrRd = Ftr,Rd =234.9 kN
Gk 4: AFtrRd = Ftfe,Rd - ZFtr,Rd = 214.0 kN Ftrrd = 234.9 KN > AFtrRd = Ftr,Rd =214.0 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: EFtr,Rd = 0.0 kN
Gk 5: AFtrRd = Ft,ep,Rd - ZFtr,Rd = 530.1 kN Ftrrd = 239.3 kN < AFtrRd = Ftr,Rd =239.3 kN
Gk 8: AFtr,Rd = Ft,wb,Rd - ZFtr,Rd = 455.4 kN Ftrrd = 239.3 kN < AFtrRd = Ftr,Rd =239.3 kN
row2:  EZFi,rd =239.3 kN (due to row 1)
Gk 5: AFtr,Rd = Ft,ep,Rd - ZFtr,Rd = 290.8 kN Firrd =214.0 kN < AFtrRd = FtrRd=214.0 kN
Gk 8: AFtr,Rd = Ft,wb,Rd - ZFtr,Rd =216.1 kN Firrd=214.0 kN < AFtrRd = FtrRd=214.0 kN

A

A
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resistance per bolt-row (tension)

row 1: Ftr,rd = 239.3 kN
row 2: Ftr,rd = 214.0 kN
row 3: Ftr,rd = 240.8 kN

TFir,rd" = 894.1 kN

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

decisive basic components: 1, 2, 7

row 1: ZFtr,rd = 0.0 kN
Gk 1:  AFtr,Rd = Vwp,Rd/Pj - ZFtr,Rd = 641.8 kN
Gk 2: AFt,Rd = Few,Rd - ZFtr,Rd = 581.1 kN
Gk 7: AFt,Rd = Fe,f,Rd - ZFtr,rd = 510.1 kN
row 2:  ZFir,Rd=239.3 kN (row 1)
Gk 1:  AFtr,Rd = Vwp,Rd/Pj - ZFtr,Rd = 402.5 kN
Gk 2: AFt,Rd = Few,Rd - ZFtr,Rd = 341.8 kN
Gk 7: AFt,Rd = Fe,f,Rd - ZFtr,rd = 270.8 kN
row3:  ZFi,rd=453.3 kN (rows 1to 2)
Gk 1:  AFtr,Rd = Vwp,Rd/Bj - ZFtr,Rd = 188.5 kN
Gk 2: AFt,Rd = Few,Rd - ZFtr,Rd = 127.8 kN
Gk 7: AFtr,Rd = Fef,Rd - ZFtr,Rd = 56.8 kN

check acc. to EC 3-1-8, 6.2.7.2(9)

decisive basic component: 10
Ftx,rd = 239.3 kN, hx=2446 mm = Fix,Rd < lim Fitx,Rd = 335.2 kN, no deduction
Ftx,rd = 214.0 kN, hx=174.6 mm = Fix,Rd < lim Fitx,Rd = 335.2 kN, no deduction

row 1:
row 2:

resistance per bolt-row (bending)

row 1: Fir,rd = 239.3 kN
row 2: Firrd = 214.0 kN
row 3: Fir,rd = 56.8 kN

EFtr,Rd = 510.1 kN

potential failure by basic component 4, 7

resistance of flanges (compression)
ZFeRd = 1020.3 kN

moment resistance regarding the centre of compression

Mj,Rd = Z(Ftr,Rd'hr) = 98.5 kNm
tension resistance

Njt,Rd = ZFtr,Rd" = 694.1 kN
compression resistance
Nij,c,Rd = ZF¢,Rd" = 1020.3 kN

2.2.3.2. shear/bearing resistance

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

row 1: Fvr,Rd = 301.6 kN
row 2: Fvr,Rd = 301.6 kN
row 3: Fvr,Rd = 301.6 kN

Fir,Rd = 239.3 kN
Fir,Rd = 239.3 kN
Fir,Rd = 239.3 kN

Fir,Rd = 214.0 kN
Fir,Rd = 214.0 kN
Fir,Rd = 214.0 kN

FirRd = 240.8 kN
Ftr,Rrd = 188.5 kN
Firrd = 127.8 kN

AFtr,Rd
AFtr,Rd
AFtr,Rd

AFtr,Rd
AFtr,Rd
AFtr,Rd

.-\Ftr,FId
.-\Ftr,FId
.-\Ftr,FId

LUy

LUy

=
=
=

deductions depending on tension force (at 100% utilization of moment resistance)

decisive basic component: 10

row 1: Fvr,Rd = fvt - 301.6 kN = 155.5 kN
row 2: Fvr,Rd = fvt - 301.6 kN =170.9 kN
row 3: Fvr,rd = fut - 301.6 kN = 266.9 kN

resistance per bolt-row

row 1: Fvr,Rd = 155.5 kN
row 2: Fvr,Rd = 170.9 kN
row 3: Fvr,Rd = 266.9 kN

ZFvr,Rd = 593.3 kN

shear/bearing resistance
Vj,Rd = ZFvr,Rd = 593.3 kN

2.2.3.3. shear resistance

shear resistance of end plate

Fir,Rd = 239.3 kN
Fir,Rd = 239.3 kN
Fir,Rd = 239.3 kN

Fir,Rd = 214.0 kN
Fir,Rd = 214.0 kN
Fir,Rd = 214.0 kN

Fir,Rd = 188.5 kN
Fir,rd = 127.8 kN
Fir,rd = 56.8 kN

with fvt=1 - Ftr,Rd / (1.4-ZFt,Rrd) = 0.516
with fvt =1 - Ftr,Rd / (1.4-ZFt,Rd) = 0.567
with fvt=1 - FirRd / (1.4-ZFt,Rd) = 0.885

end-plate: Vep,Rd = TRdt-leff = 674.59 kN, tRd = 135.7 N/mm2, t=20.0 mm, leff = dw =248.6 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 =516.71 kN, a =5.0 mm, leff = dw = 248.6 mm
shear resistance of end plate: Vep,Rd = Fw,Rd = 516.71 kN

shear resistance of column web
decisive basic component: 1
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Vwp,Rd/Bj = 641.8 kN

2.2.3.4. total
Mj,Rd = 98.5 kKNm N;jt,Rd = 894.1 kN Njc,Rd = 1020.3 KN VjRd = 593.3 kN Vwp,Rd/Bj =641.8 KN Vep,Rd =516.7 kN

2.2 4. verifications

calculation of internal lever arm zeq s. rotational stiffness

2.2.4.1. 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 i 0

2 00,0% 5 weld 1:  aw=5.0 mm lw = 150.0 mm
weld2: aw=5.0mm lw =56.5 mm
weld 3: siehe weld 2
weld 4. aw=50mm lw = 248.6 mm
weld 5: siehe weld 4

’—W weld6: aw=7.0mm  lw=565mm
z weld 7: siehe weld 6
weld 8: aw=7.0 mm lw =150.0 mm
1411
B0 N 0 EI
—_—

1 2] 0
design values refering to centroid of the section:

cross-sectional properties refering to centroid of the line cross-section:
ZAw =56.41 cm2, Awz=24.86cm? Zlw=102.3cm
lw,y = 7855.63 cm#, lw,z=673.03 cm4, Wwt=53.81cm? Azw=13.6 mm

stresses in weld edges:

verifications in weld edges:

2.2.4.2. verification of web stiffeners
2.2.4.3. verification result

maximum utilization: max U =0.000 < 1 ok

2.2.5. rotational stiffness

stiffness coefficients
equivalent stiffness coefficient for 3 tension-bolt-rows:
effective stiffness coefficient for bolt-row 1:
ks = 0.9lefftp® / m®=22.69 mm, leff = 144.5 mm, m =35.8 mm
k10 =1.6:As/Lb =6.15 mm, Lb =1ges + 21p + (tk+tm)/2 = 83.8 mm, tges =41.5 mm
ks = 0.7 beff,t,wctwec / dc = 3.26 mm, beff,t,wec = 168.4 mm
ka = 0.9:lefrttc® / m®=9.04 mm, leff = 127.8 mm, m =26.9 mm
Z(1/ki,1) = 1/ka + 1/k4 + 1/ks + 1/k10 = 0.624 = kef,1 = 1/ Z(1/ki,1) = 1.603 mm
effective stiffness coefficient for bolt-row 2:
ks = 0.9lefftp® / m®=20.17 mm, leff = 128.5 mm, m =35.8 mm
k10 =1.6:As/Lb =6.15 mm, Lb =1ges + 21p + (tk+tm)/2 = 83.8 mm, tges =41.5 mm
ks = 0.7 beff,t,wctwe / de = 2.93 mm, befft,we = 151.2 mm
ka = 0.9lefrttc® / m®=7.82 mm, leff = 110.6 mm, m =26.9 mm
Z(1/ki,2) = 1/ks + 1/k4 + 1/ks + 1/k10 = 0.682 = keft,2 = 1/ Z(1/ki,2) = 1.467 mm
effective stiffness coefficient for bolt-row 3:
ks = 0.9-lefftp® / m® = 31.87 mm, leff = 203.0 mm, m =35.8 mm
k10 =1.6:As/Lb =6.15 mm, Lb =1ges + 21p + (tk+tm)/2 = 83.8 mm, tges =41.5 mm
ks = 0.7 beff,t,wctwe / de = 3.27 mm, beff,t,wec = 168.7 mm
ka = 0.9lefrttc® / m® = 11.983 mm, leff = 168.7 mm, m =26.9 mm
Z(1/ki,3) = 1/ks + 1/k4 + 1/ks + 1/k10 = 0.584 = keft,3=1/Z(1/ki,3) =1.713 mm
equivalent internal lever arm: zeq = Z(keff,rrhr?) / Z(Keff,r-hr) = 198.8 mm
keq = Z(keft,rhr) / Zeq = 3.646 mm
stiffness coefficient of basic component 1:
k1 =0.38-Avc/ (B'z) =9.77 mm, Avc=51.13cm? B=1.0, z=198.8 mm
stiffness coefficient of basic component 2:
k2 = o (stiffened)
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sum of stiffness coefficients Z(1/ki) = 1/k1 + 1/k2 + 1/keq = 0.377

rotational stiffness

initial rotational stiffness: Sj,ini = (E-z2) / Z(1/ki) = 22037.8 kNm/rad, z = zeq = 198.8 mm

internal moments at the connection point reg. centre of compression: Mj,Ed = 0.00 kNm, MjRd = 98.468 kNm

3. Lk 2

3.1. 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.

3.1.1. design values

1 zur connection plane partial internal forces and moments
bz |— —| — Up N
Va V, Pt
Naz2 9 \Ng eg —7—> — b
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‘Md ey

e l
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Nc =2} ey | | '
sign definition of EC3: a positive axial force means compression, a positive bending moment produces tension at the top
slope angle: ab=a=ov=0°
slope angle: ab2 = a2 = ow2 = 0°

distance: e1=165.0 mm, e3 =144.6 mm, e2=144.6 mm, es=165.0 mm, e7=144.6 mm, es =286.1 mm

internal forces and moments perpendicular to the connection planes
periphery beam (right)
Nd =-140.00 kN, Md =80.00 kNm, Vd=200.00 kN
partial internal forces and moments
internal forces and moments in the periphery end-plate-beam: M'd = Md - Vdtep = 76.00 KkNm
Nb,t = -Nd-zbu/zb + M'd/zb = 332.70 kN, zb =289.3 mm, zbu = 144.6 mm
Nb,c = Nd'zbo/zb + M'd/zb = 192.70 kN, zb =289.3 mm, zbo = 144.6 mm

3.1.2. resistance of cross-section

plastic cross-sectional check for N = 140.00 kN, My = -76.00 kNm, Vz = 200.00 kN

elastic stresses: max ox = 16.24 kN/cm?, min ox = -11.03 kN/cm2, max © = 10.59 kN/cm?

valid normal/shear stress: zul ord = 23.50 kN/cm?, zul trd = 13.57 kN/cm?

top flange: resistance forces Nmax,0 = 377.18 kN, Nmin,0 = -377.18 kN

bottom flange: resistance forces Nmax,u = 377.18 kN, Nmin,u = -377.18 kN

web: shear force Vs = 200.00 kN, shear stress 15 =9.74 kN/cm?2 = U,s=0.718
resistance forces Nmax,s = 336.15 kN, Nmin,s = -336.15 kN

main bending: axial force N = 140.00 kN, resistance forces Nmax = 1090.50 kN, Nmin = -1090.50 kN = Un =0.128
moment My = -76.00 kNm, resistance moments My,max = 129.21 kNm, My,min = -129.21 kNm = Uwmy = 0.588

total (possibly due to load increase): max U =0.749 < 1 ok

utilizations: resistance Us = 0.749 < 1 ok, c/t-ratio Uet=0.257 < 1 ok

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

3.1.3. connection capacity

transformation parameter: pj=1.000

3.1.3.1. moment resistance
distance of tension-bolt-rows from centre of compression: h1 =244.6 mm, h2=174.6 mm, h3z =44.6 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 = 239.3 kN
row 2: Fir,rd = 234.9 kN
row 3: Fir,rd = 240.8 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
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Gk 3:

AFtr,Rd = Ft,we,Rd - ZFtr,Rd = 540.8 kN

Gk 4: AFtrRd = Ft,fc,Rd - ZFtr,Rd = 453.3 kN
row 2:  ZFt,Rd = 239.3 kN (due to row 1)

Gk 3: AFtrRd = Ft,we,Rd - ZFtr,Rd = 301.5 kN

Gk 4: AFtrRd = Ftfc,Rd - ZFtr,Rd = 214.0 kN

Ftr,Rd = 239.3 kN
Ftr,Rd = 239.3 kN

Ftr,Rd = 234.9 kN
Ftr,Rd = 234.9 kN

<

<
>

AFtr,Rd
AFtr,Rd

AFtr,Rd
AFtr,Rd

=
=

=
=

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: ZFtr,rd = 0.0 kN
Gk 5: AFtr,Rd = Ft,ep,Rd - ZFtr,Rd = 530.1 kN
Gk 8: AFtr,Rd = Ft,wb,Rd - ZFtr,Rd = 455.4 kN

row 2:  XFi,rd =239.3 kN (due to row 1)
Gk 5: AFtr,Rd = Ft,ep,Rd - ZFtr,Rd = 290.8 kN
Gk 8: AFtr,Rd = Ft,wb,Rd - ZFtr,Rd = 216.1 kN

resistance per bolt-row (tension)

row 1: Ftr,rd = 239.3 kN
row 2: Ftr,rd = 214.0 kN
row 3: Ftr,rd = 240.8 kN

TFtr,Rd" = 694.1 kN

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

decisive basic components: 1, 2, 7

row 1: ZFtr,rd = 0.0 kN
Gk 1:  AFtr,Rd = Vwp,Rd/Bj - ZFtr,Rd = 641.8 kN
Gk 2: AFt,Rd = Few,Rd - ZFtr,Rd = 581.1 kN
Gk 7: AFt,Rd = Fe,f,Rd - ZFtr,Rd = 499.0 kN
row 2:  ZFir,Rd=239.3 kN (row 1)
Gk 1:  AFtr,Rd = Vwp,Rd/Pj - ZFtr,Rd = 402.5 kN
Gk 2: AFt,Rd = Few,Rd - ZFtr,Rd = 341.8 kN
Gk 7: AFt,Rd = Fe,f,Rd - ZFtr,rd = 259.7 kN
row3:  ZFi,rd=453.3 kN (rows 1to 2)
Gk 1:  AFtr,Rd = Vwp,Rd/Bj - ZFtr,Rd = 188.5 kN
Gk 2: AFt,Rd = Few,Rd - ZFtr,Rd = 127.8 kN
Gk 7: AFtr,Rd = Fef,Rd - ZFtr,Rd = 45.7 kN

check acc. to EC 3-1-8, 6.2.7.2(9)

decisive basic component: 10
Ftx,Rrd = 239.3 kN, hx =244.6 mm = Fix,Rd < lim Ftx,Rd = 335.2 kN, no deduction
Ftx,Rd = 214.0 kN, hx=174.6 mm = Fix,Rd < lim Ftx,Rd = 335.2 kN,

row 1:
row 2:

resistance per bolt-row (bending)

row 1: Fir,rd = 239.3 kN
row 2: Firrd = 214.0 kN
row 3: Fir,rd = 45.7 kN

EFitr,Rd = 499.0 kN

potential failure by basic component 4, 7

resistance of flanges (compression)
TFcRd = 997.9 kN

moment resistance regarding the centre of compression

Mj,Rd = Z(Ftr,Rd'hr) = 98.0 kNm
tension resistance

Njt,Rd = ZFtr,Rd" = 694.1 kN
compression resistance
Nijc,Rd = ZF¢,Rd" = 997.9 kN

3.1.3.2. shear/bearing resistance

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

row 1: Fvr,Rd = 301.6 kN
row 2: Fvr,Rd = 268.5 kN
row 3: Fvr,Rd = 301.6 kN

Fir,Rd = 239.3 kN
Fir,Rd = 239.3 kN

Fir,Rd = 214.0 kN
Fir,Rd = 214.0 kN

Fir,Rd = 239.3 kN
Fir,Rd = 239.3 kN
Fir,Rd = 239.3 kN

Fir,Rd = 214.0 kN
Fir,Rd = 214.0 kN
Fir,Rd = 214.0 kN

FirRd = 240.8 kN
Ftr,Rrd = 188.5 kN
Firrd = 127.8 kN

AFtr,Rd
AFtr,Rd

AFtr,Rd
AFtr,Rd

AFtr,Rd
AFtr,Rd
AFtr,Rd

AFtr,Rd
AFtr,Rd
AFtr,Rd

A Ftr, Rd
A Ftr, Rd
A Ftr, Rd

LUy

LUy

=
=
=

deductions depending on tension force (at 100% utilization of moment resistance)
decisive basic component: 10

row 1: Fvr,Rd = fvt - 301.6 kN = 155.5 kN
row 2: Fvr,Rd = fvt - 268.5 kN = 152.1 kN
row 3: Fvr,Rrd = fvt - 301.6 kN =273.7 kN

resistance per bolt-row

row 1:

Fvr,Rd = 155.5 kN

Ftr,Rd = 239.3 kN
Ftr,Rd = 239.3 kN

Ftr,Rd = 234.9 kN
Ftr,Rd = 214.0 kN

Fir,Rd = 239.3 kN
Fir,Rd = 239.3 kN

Fir,Rd = 214.0 kN
Fir,Rd = 214.0 kN

Fir,Rd = 239.3 kN
Fir,Rd = 239.3 kN
Fir,Rd = 239.3 kN

Fir,Rd = 214.0 kN
Fir,Rd = 214.0 kN
Fir,Rd = 214.0 kN

Fir,Rd = 188.5 kN
Fir,rd = 127.8 kN
Fir,rd = 45.7 kN

no deduction

with fvt=1 - Ftr,Rd / (1.4-ZFt,Rrd) = 0.516
with fvt =1 - Ftr,Rd / (1.4-ZFt,Rd) = 0.567
with fvt =1 - Ftr,Rd / (1.4-ZFt,Rd) = 0.908
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row 2: Fvr,Rd = 152.1 kN
row 3: Fvr,Rd = 273.7 kN
YFvr,Rd = 581.3 kN

shear/bearing resistance
Vj,Rd = ZFvr,Rd = 581.3 kN
3.1.3.3. shear resistance

shear resistance of end plate

end-plate: Vep,Rd = TRdt-leff = 674.59 kN, tRd = 135.7 N/mm2, t=20.0 mm, leff = dw =248.6 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 =516.71 kN, a =5.0 mm, leff = dw = 248.6 mm

shear resistance of end plate: Vep,Rd = Fw,Rd = 516.71 kN

shear resistance of column web
decisive basic component: 1

Vwp,Rd/Bj = 641.8 kN

3.1.3.4. total
Mij,Rd = 98.0 kNm N;jt,Rd = 694.1 kN Njc,Rd =997.9 kN VjRd =581.3 KN Vwp,Rd/Bj=641.8 KN Vep,Rd =516.7 kN

3.1.4. verifications

calculation of internal lever arm zeq s. rotational stiffness

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

axial force: Nb,Ed = INdl = 140.00 kN > 5%-:Npi,rd = 83.23 kN = bending/tension resistance
regarding beam axis with NpI,Fid = Ab‘fyb / MO = 1264.58 kN
axial force: NEd = INgl = 140.00 kN

perpend. to connection plane

internal moment: Med = Md = 80.00 kNm
perpend. to connection plane

shear force: VEd = IVdl = 200.00 kN
parallel to connection plane
shear force: Vew,Ed = (Md1,w-Mdz2,w)/z - (Ve1-Ve2)/2 = 413.99 kN, Md1,w = 82.3 kNm, Md2,w =0.0 kNm, z =198.8 mm

in column web

bending/tension resistance

Ned/Njt,Rrd + Med/Mjrd = 0.202 + 0.817 =1.018 > 1 fault !!
shear/bearing resistance at 100% utilization of moment resistance
Ved/VjRd =0.344 < 1 ok

shear resistance of column web

Vc,w‘Ed"(pr,FidJ"Bj) =0645 < 1 ok

shear resistance of end plate

Ved/Vep,Rd = 0.387 < 1 ok

3.1.4.2. 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:
s 1 o
o 00 5 weld 1:  aw=5.0mm lw=150.0 mm
weld2: aw=5.0mm lw = 56.5 mm

weld 3: siehe weld 2
weld 4. aw=50mm lw = 248.6 mm
weld 5: siehe weld 4

’—W weld6: aw=7.0mm  lw=565mm
z weld 7: siehe weld 6
weld 8: aw=7.0 mm lw =150.0 mm
1411
(P P N B A
—_—

1 8 0
design values refering to centroid of the section:
NEd = 140.00 kN, My,Ed = -80.00 kNm, VzEd =200.00 kN

cross-sectional properties refering to centroid of the line cross-section:
ZAw =56.41 cm2, Awz=24.86cm? Zlw=102.3cm
lw,y = 7855.63 cm#, lw,z=673.03 cm4, Wwt=53.81cm? Azw=13.6 mm
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stresses in weld edges:

weld1, pt.0:  owx=191.38 N/mm?
weld2, pt.0: owx=180.48 N/mm?
weld 3, pt.0: siehe weld 2
pt. 1:  siehe weld 2
weld4, pt.0: owx=16521 N/mm2  1wz=80.45 N/mm?
pt. 1 owx=-87.96 N/mm?2 tw,z = 80.45 N/mm?
weld 5, pt.0: siehe weld 4
pt. 1:  siehe weld 4
weld6, pt.0: owx=-103.24 N/mm?2
weld7, pt.0: sieheweld8
pt. 1:  siehe weld 8
weld 8, pt.0: owx=-114.13 N/mm?

verifications in weld edges:

verification of weld 1, pt. O:
stresses on the design area of the weld (o = 45°):
ow,Ed = ow,x = 191.4 N/mm?
resultant weld force Fw,Ed = ow,Ed-a = 9.57 kN/cm
resistance of a weld: Fw,Rd = fvw,d'a = 10.39 kN/em, fyw,d = 207.85 N/mm2, a=5.0 mm
Fw,ed = 9.57 kN/em < FwRrd=10.39 kN/ecm = U=0.921 < 1 ok

verification of weld 2, pt. O:
stresses on the design area of the weld (o = 45°):
ow,Ed = ow,x = 180.5 N/mm?
resultant weld force Fw,Ed = ow,Ed-a = 9.02 kN/cm
resistance of a weld: Fw,Rd = fvw,d'a = 10.39 kN/em, fyw,d = 207.85 N/mm2, a=5.0 mm
Fw,ed =9.02 kN/em < FwRrd=10.39kN/cm = U=0.868 < 1 ok

verification of weld 4, pt. 0:
stresses on the design area of the weld (a = 45°):
ow,Ed = (ow,x@ + w,z2)12 = 183.8 N/mm?
resultant weld force Fw,Ed = ow,Ed-a = 9.19 kN/cm
resistance of a weld: Fw,Rd = fvw,d'a = 10.39 kN/cm, fww,d =207.85 N/mm?2, a=5.0 mm
Fw,Ed=9.19 kN/em < FwRrd=10.39 kN/cm = U=0.884 < 1 ok

verification of weld 4, pt. 1:
stresses on the design area of the weld (o = 45°):
ow,Ed = (owx@ + w,z2)12 = 119.2 N/'mm?
resultant weld force Fw,Ed = ow,Ed-a = 5.96 kN/cm
resistance of a weld: Fw,Rd = fvw,d'a = 10.39 kN/cm, fww,d =207.85 N/mm?2, a=5.0 mm
Fw,Ed =5.96 kNfem < FwRrd=10.39 kN/cm = U=0574 < 1 ok

verification of weld 6, pt. 0:
stresses on the design area of the weld (o = 45°):
ow,Ed = ow,x = 103.2 N/mm?
resultant weld force Fw,Ed = ow,Ed-a = 7.23 kN/cm
resistance of a weld: Fw,Rd = fvw,d'a = 14.55 kKN/cm, fww,d =207.85 N/mm?2, a=7.0 mm
Fw,Ed=7.23 kN/em < FwRd=14.55kN/cm = U=0497 < 1 ok

verification of weld 8, pt. 0:
stresses on the design area of the weld (o = 45°):
ow,Ed = ow,x = 114.1 N/mm?
resultant weld force Fw,Ed = ow,Ed-a = 7.99 kN/cm
resistance of a weld: Fw,Rd = fvw,d'a = 14.55 kKN/cm, fww,d =207.85 N/mm?2, a=7.0 mm
Fw,Ed =7.99 kN/em < FwRd=14.55kN/cm = U=0549 < 1 ok

Result:
weld 1, pt. 0:  ow,x =191.38 N/mm?
Max: Fw,ed=9.57 kN/em < FwRd=10.39 kN/cm = Uw=0.921 < 1 ok

3.1.4.3. verification of web stiffeners

NR.t = (-Nd'zbu + Md) / Z =504 28 kN, zZ = Zeq=198.8 mm, Zbu = 144.6 mm
NR,c = (Nd'Zbo + Md) / Z = 364.28 KN, Z = Zeq=198.8 mm, Zbo =54.1 mm
compression stiffener
Fec,Ed = NR,c = 364.28 kN
verification of the welds with the simplified method.
dimensions, lever arms, forces per rib
br =bst = 76.3 mm, b1 =br-rR=49.3 mm, er =bgr-0.5b1 =516 mm with re=27.0 mm
IR =lst =307.0 mm, l1=IR-2:'rr =253.0 mm, eH =Ir =307.0 mm, tr=17.0 mm
F =0.5FcEd" (br-2:rtw)/bi = 1326 kN, H=F - erfen =22.3 kN
assumption: stiffeners do not buckle (verification method 'elastic-plastic’ = max. section class 2)
c/t-ratio c/t = 4.49 < 33.00 = 33, ¢=(235/fy)12=1.00 = section class 1 <2 = assumption succeeded !!
cross-section at flange
compression resistance Ne,Rd = (A-fy) / ymo = 196.75 kN
design value: Fed = (F2+ 3-H?)1/2=138.1 kN
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FEd=138.1 kKN < FRd=1988kN = U=0.702 < 1 ok
cross-section at web
shear resistance Vrd = 708.10 kN
design value: Fed=F =132.6 kN
FEd=1326 kKN < FRd=708.1kN = U=0.187 < 1 ok
flange welds
fillet weld with a =9.0 mm
weld thickness a = 9.0 mm > amax = 0.7'tmin = 8.0 mm !!
weld thickness a = 9.0 mm > amax = 0.7'tmin = 8.0 mm !!
resistance of a weld: Fw,Rd = fvw,d-a = 18.71 kN/cm, fyw,d =207.85 N/mm?, a=9.0 mm
design value: Fed = (F2+ H2)12/ (2:b1) = 13.65 kN/cm
0% decrease of stress by pressure contact
FEd = 13.85 kN/cm < Frd=18.71 kN/cm = U=0.730 < 1 ok
web welds
fillet weld with a = 4.0 mm
resistance of a weld: Fw,Rd = fvw,d-a = 8.31 kN/cm, fww,d =207.85 N/mm?, a=4.0 mm
design value: Fed=F/ (2:11) = 2.62 kN/cm
0% decrease of stress by pressure contact
Fed=2.62 kN/em < Frd=8.31 kN/em = U=0315 < 1 ok
stiffener in tension
Fted = NRt = 504.28 kN
dimensions, lever arms, forces per rib
br =bst=76.3 mm, b1=Dbgr-rR =49.3 mm, erF =br-0.5b1 =516 mm with rr=27.0 mm
IR=Ilst=307.0mm, 1 =IR-2R=253.0mm, eH=Ir=307.0mm, tr=17.0 mm
F =0.5Fted  (bf-2:r-tw)/bf = 183.6 kN, H=F - er/fen = 30.9 kN
cross-section at flange
tension resistance Ntrd = 196.75 kN
design value: Fed = (F2 + 3-H2)12 =191.2 kN
FEd=1912 kN < FRda=1968 kN = U=0.972 < 1 ok
cross-section at web
shear resistance VrRd = 708.10 kN
design value: FEd=F =183.6 kN
FEd=1836 kN < FRa=708.1 kN = U=0.259 < 1 ok

3.1.4.4. verification result

maximum utilization: max U =1.018 > 1 fault !!
failure at verification of bending: U = 1.018

3.1.5. rotational stiffness

stiffness coefficients
equivalent stiffness coefficient for 3 tension-bolt-rows:
effective stiffness coefficient for bolt-row 1:
ks = 0.9lefftp® / m®=22.69 mm, leff = 144.5 mm, m =35.8 mm
k10 =1.6:As/Lb =6.15 mm, Lb =1ges + 21p + (tk+tm)/2 = 83.8 mm, tges =41.5 mm
ks = 0.7 beff,t,wctwec / dc = 3.26 mm, beff,t,wec = 168.4 mm
ka = 0.9:lefrttc® / m®=9.04 mm, leff = 127.8 mm, m =26.9 mm
Z(1/ki,1) = 1/ka + 1/k4 + 1/ks + 1/k10 = 0.624 = kef,1 = 1/ Z(1/ki,1) = 1.603 mm
effective stiffness coefficient for bolt-row 2:
ks = 0.9lefftp® / m®=20.17 mm, leff = 128.5 mm, m =35.8 mm
k10 =1.6:As/Lb =6.15 mm, Lb =1ges + 21p + (tk+tm)/2 = 83.8 mm, tges =41.5 mm
ks = 0.7 beff,t,wctwe / de = 2.93 mm, befft,we = 151.2 mm
ka = 0.9lefrttc® / m®=7.82 mm, leff = 110.6 mm, m =26.9 mm
Z(1/ki,2) = 1/ks + 1/k4 + 1/ks + 1/k10 = 0.682 = keft,2 = 1/ Z(1/ki,2) = 1.467 mm
effective stiffness coefficient for bolt-row 3:
ks = 0.9-lefftp® / m® = 31.87 mm, leff = 203.0 mm, m =35.8 mm
k10 =1.6:As/Lb =6.15 mm, Lb =1ges + 21p + (tk+tm)/2 = 83.8 mm, tges =41.5 mm
ks = 0.7 beff,t,wctwe / de = 3.27 mm, beff,t,wec = 168.7 mm
ka = 0.9lefrttc® / m® = 11.983 mm, leff = 168.7 mm, m =26.9 mm
Z(1/ki,3) = 1/ks + 1/k4 + 1/ks + 1/k10 = 0.584 = keft,3=1/Z(1/ki,3) =1.713 mm
equivalent internal lever arm: zeq = Z(keff,rrhr?) / Z(Keff,r-hr) = 198.8 mm
keq = Z(keft,rhr) / Zeq = 3.646 mm
stiffness coefficient of basic component 1:
k1 =0.38-Avc/ (B'z) =9.77 mm, Avc=51.13cm? B=1.0, z=198.8 mm
stiffness coefficient of basic component 2:
k2 = o (stiffened)
sum of stiffness coefficients Z(1/ki) = 1/k1 + 1/k2 + 1/keq = 0.377
rotational stiffness
initial rotational stiffness: Sj,ini = (E-z2) / Z(1/ki) = 22037.8 kNm/rad, z = zeq = 198.8 mm
internal moments at the connection point reg. centre of compression: Mj,Ed = 100.25 kNm, Mj,Rd = 97.968 kNm
axial force in the beam: Nb,ed = Nd = 140.00 kN
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INb,Edl = 140.00 kN > 5%-Npl,Rd = 63.23 kN = rotational stiffness poss. inexact !!
with Npl,Rd = Ab-fyb / yM0 = 1264.58 kN
IMj,Edl = 100.25 kNm > 2/3 MjRd = 85.3 kNm = p = ((1.5-MjEd) / MjRa)¥ =3.181, ¥ =2.7
rotational stiffness: SjRd = Sj,ini / p = 6928.1 kNm/rad
rotation: ¢j,Ed = Mj,Ed / Sj,Rd = 0.829°

3.2. connection left

notes
connection is verified due to EC 3-1-8 regardless of preloading.
however, connections may be constructed with prestressed high strength bolts.

3.2.1. design values

1 zur connection plane partial internal forces and moments
—{T p
OLp2 de ) th -
Ndz Na eg —— b
M iy I Vcwf i ” th
dz\. o, Ta

‘Md ey

e l
? J L A ﬁ Vo,w
/ EI
U“'Q Vc U“" | ‘Nbc/ i

[1Ve,
%WME !‘L—:r ¥eNie.
NL e ey I i ¥
sign definition of EC3: a positive axial force means compression, a positive bending moment produces tension at the top
slope angle: ab=a=ov=0°
slope angle: ab2 = a2 = ow2 = 0°

distance: e1=165.0 mm, e3 =144.6 mm, e2=144.6 mm, es=165.0 mm, e7=144.6 mm, es =286.1 mm

internal forces and moments perpendicular to the connection planes
periphery beam (left)
Nd2 = -140.00 kN, Mdz = 80.00 kNm, Va2 =200.00 kN
partial internal forces and moments
internal forces and moments in the periphery end-plate-beam: M'd = Md - Vdtep = 0.00 kNm

3.2.2. resistance of cross-section
end-plate joint: basic components: 1, 2, 3, 4, 5, 7, 8, 10, 11, 12

3.2.3. connection capacity

transformation parameter: pj=1.000

3.2.3.1. moment resistance
distance of tension-bolt-rows from centre of compression: h1 =244.6 mm, h2=174.6 mm, h3 =44.6 mm

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

row 1: Ftr,rd = 239.3 kN
row 2: Ftr,rd = 234.9 kN
row 3: Ftr,rd = 240.8 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: EFtr,rd = 0.0 kN
Gk 3: AFtr,Rd = Ft,we,Rd - ZFtr,Rd = 540.8 kN Ftrrd = 239.3 kN < AFtrRd = Ftr,Rd =239.3 kN
Gk 4: AFi,Rd = Ft,fe,Rd - ZFtr,Rd = 453.3 kN Firrd = 239.3 kN < AFtrRd = Ftr,Rd =239.3 kN
row2:  EZFi,rd =239.3 kN (due to row 1)
Gk 3: AFtr,Rd = Ft,we,Rd - ZFtr,Rd = 301.5 kN Fir,rd = 234.9 kN
Gk 4: AFtr,Rd = Ftfe,Rd - ZFtr,Rd = 214.0 kN Fir,rd = 234.9 kN

A

A

AFtrRd = Ftr,Rd =234.9 kN
AFtrRd = Ftr,Rd =214.0 kN

v

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: ZFtr,Rd = 0.0 kN
Gk 5: AFtr,Rd = Ft,ep,Rd - ZFtr,Rd = 530.1 kN Firrd = 239.3 kN < AFtrRd = Ftr,Rd =239.3 kN
Gk 8: AFtr,Rd = Ft,wb,Rd - ZFtr,Rd = 455.4 kN Ftrrd = 239.3 kN < AFtrRd = Ftr,Rd =239.3 kN
row 2:  ZF,Rd =239.3 kN (due to row 1)
Gk 5: AFtr,Rd = Ft,ep,Rd - ZFtr,Rd = 290.8 kN Firrd =214.0 kN < AFtrRd = FtrRd=214.0 kN

m 4H-EC3RE / pcae-GmbH / KopernikusstraBe 4A / 30167 Hannover / Tel: (0511) 700830 / Fax: (0511) 7008399 / pcae/0000001



Gk 8:

AFtr,Rd = Ft,wb,Rd - ZFtrRd = 216.1 kN

resistance per bolt-row (tension)

row 1:
row 2:
row 3:

Fir,Rd = 239.3 kN
Fir,Rd = 214.0 kN
Fir,rd = 240.8 kN
TFtr,Rd" = 694.1 kN

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

decisive basic components: 1, 2, 7

row 1:
Gk 1:
Gk 2:
Gk 7:

row 2:
Gk 1:
Gk 2:
Gk 7:

row 3:
Gk 1:
Gk 2:
Gk 7:

ZFtr,rd = 0.0 kN

AFtr,rd = Vwp,Rd/pj - ZFtr,Rd = 641.8 kN
AFtr,Rd = Fe,w,Rd - ZFtr,Rd = 581.1 kN
AFtr,Rd = Fef,Rd - ZFtr,Rd = 510.1 kN
ZFtr,Rd = 239.3 kN (row 1)

AFtr,rd = Vwp,Rd/pj - ZFtr,Rd = 402.5 kN
AFtr,Rd = Fe,w,Rd - ZFtr,Rd = 341.8 kKN
AFtr,Rd = Fef,Rd - ZFtr,Rd = 270.8 kKN
ZFtr,Rd = 453.3 kN (rows 1 to 2)
AFtr,rd = Vwp,Rd/pj - ZFtr,rd = 188.5 kN
AFtr,Rd = Few,Rd - ZFtr,Rd = 127.8 kKN
AFtr,Rd = Fe,f,Rd - ZFtr,Rd = 56.8 kN

check acc. to EC 3-1-8, 6.2.7.2(9)

decisive basic component: 10

Ftx,rd = 239.3 kN, hx=2446 mm = Fix,Rd < lim Fitx,Rd = 335.2 kN, no deduction
Ftx,rd = 214.0 kN, hx=174.6 mm = Fix,Rd < lim Fitx,Rd = 335.2 kN, no deduction

row 1:
row 2:

resistance per bolt-row (bending)

row 1:
row 2:
row 3:

Ftr,Rrd = 239.3 kN
Ftrrd = 214.0 kN
Ftrrd = 56.8 kN
SFtr,rd = 510.1 kN

potential failure by basic component 4, 7

resistance of flanges (compression)
ZFeRd = 1020.3 kN

moment resistance regarding the centre of compression

Mj,Rd = Z(Ftr,Rd'hr) = 98.5 kNm
tension resistance

Njt,Rd = ZFtr,Rd" = 694.1 kN
compression resistance
Nij,c,Rd = ZF¢,Rd" = 1020.3 kN

3.2.3.2. shear/bearing resistance

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

row 1:
row 2:
row 3:

Fvr,rd = 301.6 kN
Fvr,rd = 301.6 kN
Fvr,rd = 301.6 kN

Firrd =214.0 kN < AFtr,Rd = FtrRd =214.0 kN

Ftr,Rd = 239.3 kN
Ftr,Rd = 239.3 kN
Ftr,Rd = 239.3 kN

Ftr,Rd = 214.0 kN
Ftr,Rd = 214.0 kN
Ftr,Rd = 214.0 kN

Ftr,Rd = 240.8 kN
Ftr,Rd = 188.5 kN
Ftr,Rd = 127.8 kN

<

AFtr,Rd

< AFtr,Rd

AFtr,Rd

AFtr,Rd
AFtr,Rd
AFtr,Rd

AFtr,Rd
AFtr,Rd
AFtr,Rd

uul

uul

Lul

deductions depending on tension force (at 100% utilization of moment resistance)
decisive basic component: 10

row 1:
row 2:
row 3:

Fvr,Rd = fvt - 301.6 kN = 155.5 kN
Fvr,Rd = fvt - 301.6 kKN = 170.9 kN
Fvr,Rd = fvt - 301.6 kN = 266.9 kN

resistance per bolt-row

row 1:
row 2:
row 3:

Fvr,Rd = 155.5 kN
Fvr,Rd = 170.9 kN
Fvr,rd = 266.9 kN
ZFvr,Rd = 593.3 kN

shear/bearing resistance
Vj,Rd = ZFvr,Rd = 593.3 kN

Ftr,Rd = 239.3 kN
Ftr,Rd = 239.3 kN
Ftr,Rd = 239.3 kN

FtrRd = 214.0 kN
FtrRd = 214.0 kN
FtrRd = 214.0 kN

Fir,rd = 188.5 kN
Firrd = 127.8 kN
Ftr,rd = 56.8 kN

with fvt=1 - Ftr,Rd / (1.4-ZFt,Rrd) = 0.516
with fvt =1 - Ftr,Rd / (1.4-ZFt,Rd) = 0.567
with fvt=1 - FirRd / (1.4-ZFt,Rd) = 0.885
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3.2.3.3. shear resistance

shear resistance of end plate

end-plate: Vep,Rd = TRdt-leff = 674.59 kN, tRd = 135.7 N/mm2, t=20.0 mm, leff = dw =248.6 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 =516.71 kN, a =5.0 mm, leff = dw = 248.6 mm

shear resistance of end plate: Vep,Rd = Fw,Rd = 516.71 kN

shear resistance of column web
decisive basic component: 1

Vwp,Rd/Bj = 641.8 kN

3.2.3.4. total
Mj,Rd = 98.5 kKNm N;jt,Rd = 894.1 kN Njc,Rd = 1020.3 KN VjRd = 593.3 kN Vwp,Rd/Bj =641.8 KN Vep,Rd =516.7 kN

3.2.4. verifications

calculation of internal lever arm zeq s. rotational stiffness

3.2.4.1. 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 0

2 00,0% 5 weld 1:  aw=5.0 mm lw = 150.0 mm
weld2: aw=5.0mm lw =56.5 mm
weld 3: siehe weld 2
weld 4. aw=50mm lw = 248.6 mm
weld 5: siehe weld 4

’—W weld6: aw=7.0mm  lw=565mm
z weld 7: siehe weld 6
weld 8: aw=7.0 mm lw =150.0 mm
1411
B0 N 0 EI
—_—

1 2] 0
design values refering to centroid of the section:

cross-sectional properties refering to centroid of the line cross-section:
ZAw =56.41 cm2, Awz=24.86cm? Zlw=102.3cm
lw,y = 7855.63 cm#, lw,z=673.03 cm4, Wwt=53.81cm? Azw=13.6 mm

stresses in weld edges:

verifications in weld edges:

3.2.4.2. verification of web stiffeners
3.2.4.3. verification result

maximum utilization: max U =0.000 < 1 ok

3.2.5. rotational stiffness

stiffness coefficients

equivalent stiffness coefficient for 3 tension-bolt-rows:
effective stiffness coefficient for bolt-row 1:
ks = 0.9lefftp® / m®=22.69 mm, leff = 144.5 mm, m =35.8 mm
k10 =1.6:As/Lb =6.15 mm, Lb =1ges + 21p + (tk+tm)/2 = 83.8 mm, tges =41.5 mm
ks = 0.7 beff,t,wctwec / dc = 3.26 mm, beff,t,wec = 168.4 mm
ka = 0.9:lefrttc® / m®=9.04 mm, leff = 127.8 mm, m =26.9 mm
Z(1/ki,1) = 1/ka + 1/k4 + 1/ks + 1/k10 = 0.624 = kef,1 = 1/ Z(1/ki,1) = 1.603 mm
effective stiffness coefficient for bolt-row 2:
ks = 0.9lefftp® / m®=20.17 mm, leff = 128.5 mm, m =35.8 mm
k10 =1.6:As/Lb =6.15 mm, Lb =1ges + 21p + (tk+tm)/2 = 83.8 mm, tges =41.5 mm
ks = 0.7 beff,t,wctwe / de = 2.93 mm, befft,we = 151.2 mm
ka = 0.9lefrttc® / m®=7.82 mm, leff = 110.6 mm, m =26.9 mm
Z(1/ki,2) = 1/ks + 1/k4 + 1/ks + 1/k10 = 0.682 = keft,2 = 1/ Z(1/ki,2) = 1.467 mm
effective stiffness coefficient for bolt-row 3:
ks = 0.9-lefftp® / m® = 31.87 mm, leff = 203.0 mm, m =35.8 mm
k10 =1.6:As/Lb =6.15 mm, Lb =1ges + 21p + (tk+tm)/2 = 83.8 mm, tges =41.5 mm
ks = 0.7 beff,t,wctwe / de = 3.27 mm, beff,t,wec = 168.7 mm
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ka = 0.9lefrttc® / m® = 11.983 mm, leff = 168.7 mm, m =26.9 mm
Z(1/ki,3) = 1/ks + 1/k4 + 1/ks + 1/k10 = 0.584 = keft,3=1/Z(1/ki,3) =1.713 mm
equivalent internal lever arm: zeq = Z(keff,rrhr?) / Z(Keff,r-hr) = 198.8 mm
keq = Z(keft,rhr) / Zeq = 3.646 mm
stiffness coefficient of basic component 1:
k1 =0.38-Avc/ (B'z) =9.77 mm, Avc=51.13cm? B=1.0, z=198.8 mm
stiffness coefficient of basic component 2:
k2 = o (stiffened)
sum of stiffness coefficients Z(1/ki) = 1/k1 + 1/k2 + 1/keq = 0.377
rotational stiffness
initial rotational stiffness: Sj,ini = (E-z2) / Z(1/ki) = 22037.8 kNm/rad, z = zeq = 198.8 mm
internal moments at the connection point reg. centre of compression: Mj,Ed = 0.00 kNm, MjRd = 98.468 kNm

4.1k 3
4.1. 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.

4.1.1. design values

1 zur connection plane partial internal forces and moments
b2 1 —| " lp Np.t
Nz / Vd Vi \Ng eg = ———0Ub
N [~ Vet T —> N
o . Gao | & “Mde2 l
A < ey o | ¥ Vow i
S HAVA Uy ‘N Uy
! . b,cZ”
- Rv
es\ I A Wew 122 Nie
Nc =2} ey | | '
sign definition of EC3: a positive axial force means compression, a positive bending moment produces tension at the top
slope angle: ab=a=ov=0°
slope angle: ab2 = a2 = ow2 = 0°

distance: e1=165.0 mm, e3 =144.6 mm, e2=144.6 mm, es=165.0 mm, e7=144.6 mm, es =286.1 mm

internal forces and moments perpendicular to the connection planes
periphery beam (right)
Md = 80.00 kNm, V4 =200.00 kN
partial internal forces and moments
internal forces and moments in the periphery end-plate-beam: M'd = Md - Vdtep = 76.00 KkNm
Nb,t = -Nd-zbu/zb + M'd/zb = 262.70 kN, zb =289.3 mm, zbu = 144.6 mm
Nb,c = Nd'zbo/zb + M'd/zb = 262.70 kKN, zb =289.3 mm, zbo = 144.6 mm

4.1.2. resistance of cross-section

plastic cross-sectional check for My =-76.00 kNm, Vz = 200.00 kN
elastic stresses: max ox = 13.64 kN/ecm?, min ox = -13.64 kN/cm?2, max t = 10.59 kN/cm?
valid normal/shear stress: zul ord = 23.50 kN/ecm?, zul 1rd = 13.57 kN/cm?
top flange: resistance forces Nmax,0 = 377.18 kN, Nmin,0 =-377.18 kN
bottom flange: resistance forces Nmax,u = 377.18 kN, Nmin,u = -377.18 kN
web: shear force Vs = 200.00 kN, shear stress 1s =9.74 kN/cm?2 = U.s=0.718
resistance forces Nmax,s = 336.15 kN, Nmin,s = -336.15 kN
main bending: moment My = -76.00 kNm, resistance moments My,max = 133.43 kNm, My,min = -133.43 kNm = Uwmy = 0.570
total (possibly due to load increase): max U =0.719 < 1 ok
utilizations: resistance Us =0.719 < 1 ok, c/t-ratio Uet=0.287 < 1 ok

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

4.1.3. connection capacity

transformation parameter: pj=1.000
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4.1.3.1. moment resistance

distance of tension-bolt-rows from centre of compression: h1 = 244.6 mm, h2=174.6 mm, h3 =44.6 mm

resistances acc. to EC 3-1-8, 6.2.7.2(8) for bolt-rows considered individually

decisive basic components: 3, 4, 5, 8

row 1: Ftr,rd = 239.3 kN
row 2: Ftr,rd = 234.9 kN
row 3: Fir,rd = 240.8 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: EFtr,rd = 0.0 kN
Gk 3: AFtr,Rd = Ft,we,Rd - ZFtr,Rd = 540.8 kN
Gk 4: AFtr,Rd = Ft,fe,Rd - ZFtr,Rd = 453.3 kN

row 2:  EFi,Rd =239.3 kN (due to row 1)
Gk 3: AFtr,Rd = Ft,we,Rd - Ftr,rd = 301.5 kN
Gk 4: AFtr,Rd = Ft.fe,Rd - ZFtr,Rd = 214.0 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: ZFtr,rd = 0.0 kN
Gk 5: AFtrRd = Ft,ep,Rd - ZFtr,Rd = 530.1 kN
Gk 8: AFtr,Rd = Ft,wb,Rd - ZFtr,Rd = 455.4 kN

row 2:  EZFt,Rd =239.3 kN (due to row 1)
Gk 5: AFtr,Rd = Ft,ep,Rd - ZFtr,Rd = 290.8 kN
Gk 8: AFtr,Rd = Ft,wb,Rd - ZFtr,Rd = 216.1 kN

resistance per bolt-row (tension)

row 1: Fir,rd = 239.3 kN
row 2: Firrd = 214.0 kN
row 3: Fir.rd = 240.8 kN

SFtrrd =694.1 kN
deductions acc. to EC 3-1-8, 6.2.7.2(7)

decisive basic components: 1, 2, 7

row 1: ZFtr,rd = 0.0 kN
Gk 1:  AFtr,Rd = Vwp,Rd/Bj - Ftr,rd = 641.8 kN
Gk 2: AFtr,Rd = Few,Rd - ZFtr,Rd = 581.1 kN
Gk 7: AFtrRd = Fef,Rd - ZFtr,Rd = 499.0 kN
row 2:  ZFir,Rd=239.3 kN (row 1)
Gk 1:  AFtr,Rd = Vwp,Rd/Pj - ZFtr,Rd = 402.5 kN
Gk 2: AFtrRd = Few,Rd - ZFtr,Rd = 341.8 kN
Gk 7: AFtr,Rd = Fe,f,Rd - ZFir,Rd = 259.7 kN
row3:  EZFi,rd=453.3 kN (rows 1to 2)
Gk 1:  AFtr,Rd = Vwp,Rd/Bj - ZFtr,rd = 188.5 kN
Gk 2: AFtr,Rd = Few,Rd - ZFtr,Rd = 127.8 kN
Gk 7: AFtr,Rd = Fef,Rd - Ftr,rd = 45.7 kN

check acc. to EC 3-1-8, 6.2.7.2(9)

decisive basic component: 10
row 1:
row 2;

resistance per bolt-row (bending)

row 1: Fir,rd = 239.3 kN
row 2: Firrd = 214.0 kN
row 3: Firrd = 45.7 kN

SFtr,Rd = 499.0 kN
potential failure by basic component 4, 7

resistance of flanges (compression)
ZFeRd" =997.9 kN

moment resistance regarding the centre of compression
Mj.Rd = Z(Ftr,rd-hr) = 98.0 kNm

tension resistance

Njt,Rd = ZFtr,Rd" = 694.1 kN

compression resistance

Nijc,Rd = £F¢,Rd" = 997.9 kN

Ftr,rd = 239.3 kN
Ftr,rd = 239.3 kN

Fir,Rd = 234.9 kN
Ftr,Rd = 234.9 kN

Ftr,Rd = 239.3 kN
Ftr,rd = 239.3 kN

Ftr,Rd = 214.0 kN
Ftr,Rd = 214.0 kN

Ftr,rd = 239.3 kN
Fir,rd = 239.3 kN
Ftr,rd = 239.3 kN

Fitrrd =214.0 kKN
Firrd =214.0 kN
Firrd = 214.0 kN

Fir,rd = 240.8 kN
Firrd = 188.5 kN
Fir.rd = 127.8 kN

A

VoA

A Ftr,F!d
A Ftr,FId

A Ftr,FId
A Ftr, Rd

AFtr,Rd
AFtr,Rd

AFtr,Rd
AFtr,Rd

A Ftr,Fid
A Ftr,FId
A Ftr,FId

A Ftr,FId
AFtr,Rd

A Ftr,FId

AFt r,Rd
AFtr,Rd
AFt r,Rd

=
=

=
=

LUy

LUy

Ftr,rd = 239.3 kN
Ftr,rd = 239.3 kN

Fir,rd = 234 .9 kN
Ftr,Rd = 214.0 kN

Ftr,Rd = 239.3 kN
Ftr,Rd = 239.3 kN

Ftr,Rd = 214.0 kN
Ftr,Rd = 214.0 kN

Ftr,rd = 239.3 kN
Ftr,rd = 239.3 kN
Ftr,rd = 239.3 kN

Fir,Rd =214.0 kN
Firrd =214.0 kN
Firrd = 214.0 kN

Ftrrd = 188.5 kN
Firrd = 127.8 kN
Firrd = 45.7 kN

Fix,Rd = 239.3 kN, hx=244.6 mm = FixRd < lim Fix,Rd = 335.2 kN, no deduction
Fix,rd =214.0 kN, hx=174.6 mm = FtxRd < lim Ftx,Rd = 335.2 kKN, no deduction
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4.1.3.2. shear/bearing resistance

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

row 1: Fvr,Rd = 301.6 kN
row 2: Fvr,Rd = 268.5 kN
row 3: Fvr,Rd = 301.6 kN

deductions depending on tension force (at 100% utilization of moment resistance)
decisive basic component: 10

row 1: Fvr,Rd = fvt - 301.6 kN =1555kN  with fwt=1 - FtrRd/ (1.4-ZFtRd) = 0.516
row 2: Fvr,Rd = fut - 268.5 kN =152.1 kN with fvt=1 - FtrRd/ (1.4-ZFt,Rd) = 0.567
row 3: FvrRd = fut - 301.6 kN =273.7 kN  with fwt=1 - FtrrRd/ (1.4-ZFt,Rd) = 0.908

resistance per bolt-row

row 1: Fvr,Rd = 155.5 kN

row 2: Fvr,Rd = 152.1 kN

row 3: Fvr,Rd = 273.7 kN
YFvr,Rd = 581.3 kN

shear/bearing resistance
Vj,Rd = ZFvr,Rd = 581.3 kN
4.1.3.3. shear resistance

shear resistance of end plate

end-plate: Vep,Rd = TRdt-leff = 674.59 kN, tRd = 135.7 N/mm2, t=20.0 mm, leff = dw =248.6 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 =516.71 kN, a =5.0 mm, leff = dw = 248.6 mm

shear resistance of end plate: Vep,Rd = Fw,Rd = 516.71 kN

shear resistance of column web
decisive basic component: 1

Vwp,Rd/Bj = 641.8 kN

4.1.3.4. total
Mij,Rd = 98.0 kNm N;jt,Rd = 694.1 kN Njc,Rd =997.9 kN VjRd =581.3 KN Vwp,Rd/Bj=641.8 KN Vep,Rd =516.7 kN

4.1.4, verifications

calculation of internal lever arm zeq s. rotational stiffness

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

internal moment: Med = Md = 80.00 kNm
perpend. to connection plane

shear force: VEd = IVdl = 200.00 kN
parallel to connection plane
shear force: Vew,Ed = (Md1,w-Md2,w)/z - (Ve1-Ve2)/2 = 413.99 kN, Md1,w = 82.3 kKNm, Md2w =0.0 kNm, z =198.8 mm

in column web

moment resistance

Med/MjRrd =0.817 < 1 ok

shear/bearing resistance at 100% utilization of moment resistance

VeEd/'VjRrd =0.344 < 1 ok

shear/bearing resistance at 81.7% utilization of moment resistance

row 1: Fuvrrd = fv - 301.6 kN = 182.3 kN with fv=1-0.817-Fi,rd / (1.4-ZFt,Rd) = 0.604
row 2: Fuvrrd = fv - 268.5 kN = 173.5 kN with fv=1-0.817-Fi,ra/ (1.4-ZFt,Rd) = 0.646
row 3: Fur,rd = fv - 301.6 kN =278.8 kN with fv=1-0.817-Ftrrd/ (1.4-ZFtRd) = 0.925
Vj,Rd = ZFvr,Rd = 634.6 kN

VEd/VjRrd=0.315 < 1 ok

shear resistance of column web

Vc,w‘Ede(pr.HdJ"ﬁj) =0645 < 1 ok

shear resistance of end plate

VEd/Vep,Rd =0.387 < 1 ok

4.1.4.2. 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
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calculation section:

0
2 0000 3 1 weld1: aw=5.0mm lw=150.0 mm
weld2: aw=5.0mm lw =56.5 mm
weld 3:  siehe weld 2
weld4: aw=5.0mm lw = 248.6 mm
weld 5:  siehe weld 4

’_'H: weld8: aw=7.0mm lw = 56.5 mm
z weld 7:  siehe weld 6
weld 8 aw=7.0mm lw =150.0 mm

design values refering to centroid of the section:
My,Ed = -80.00 kNm, VzEd =200.00 kN

cross-sectional properties refering to centroid of the line cross-section:
YAw =56.41 cm2, Awz=24.86cm? Zlw=102.3cm
lw,y = 7855.63 cm?, lw,z=673.03 cm4, Ww,t=53.81cm? Azw=13.6 mm

stresses in weld edges:

weld1, pt.0: owx=166.56 N/mm?
weld2, pt.0: owx=155.66 N/mm?
weld 3, pt.0: siehe weld 2
pt. 1:  siehe weld 2
weld4, pt.0:  owx=140.39 N/mm2 1w,z =80.45 N/mm?
pt. 1 owx=-112.78 N/'mm? 1w,z = 80.45 N/mm?
weld 5, pt.0: siehe weld 4
pt. 1:  siehe weld 4
weld6, pt.0: owx=-128.06 N/mm?2
weld7, pt.0: sieheweld8
pt. 1:  siehe weld 8
weld 8, pt.0:  owx=-138.95 N/mm?2

verifications in weld edges:

verification of weld 1, pt. O:
stresses on the design area of the weld (o = 45°):
ow,Ed = ow,x = 166.6 N/mm?
resultant weld force Fw,Ed = ow,Ed-a = 8.33 kN/cm
resistance of a weld: Fw,Rd = fvw,d'a = 10.39 kN/em, fyw,d = 207.85 N/mm2, a=5.0 mm
Fw,ed =8.33 kN/em < FwRrd=10.39 kN/ecm = U=0.801 < 1 ok

verification of weld 2, pt. O:
stresses on the design area of the weld (o = 45°):
ow,Ed = ow,x = 155.7 N/mm?
resultant weld force Fw,Ed = ow,Ed-a = 7.78 kN/cm
resistance of a weld: Fw,Rd = fvw,d'a = 10.39 kN/em, fyw,d = 207.85 N/mm2, a=5.0 mm
Fwed=7.78 kN/em < FwRrd=10.39 kN/ecm = U=0.749 < 1 ok

verification of weld 4, pt. O:
stresses on the design area of the weld (o = 45°):
ow,Ed = (ow,x® + ww,22)1/2 = 161.8 N/mm?
resultant weld force Fw,Ed = ow,Ed-a = 8.09 kN/cm
resistance of a weld: Fw,Rd = fvw,d'a = 10.39 kN/em, fyw,d = 207.85 N/mm2, a=5.0 mm
Fw,ed = 8.09 kN/em < FwRrd=10.39 kN/ecm = U=0.778 < 1 ok

verification of weld 4, pt. 1:
stresses on the design area of the weld (o = 45°):
ow,Ed = (ow,@ + w,22)1/2 = 138.5 N/mm?2
resultant weld force Fw,Ed = ow,Ed-a = 6.93 kN/cm
resistance of a weld: Fw,Rd = fvw,d'a = 10.39 kN/em, fyw,d = 207.85 N/mm2, a=5.0 mm
Fw,ed =6.93 kN/em < FwRrd=10.39kN/cm = U=0667 < 1 ok

verification of weld 6, pt. O:
stresses on the design area of the weld (o = 45°):
ow,Ed = ow,x = 128.1 N/mm?2
resultant weld force Fw,Ed = ow,Ed-a = 8.96 kN/cm
resistance of a weld: Fw,Rd = fvw,d'a = 14.55 kN/em, fyw,d = 207.85 N/mm2, a=7.0 mm
Fw,ed =8.96 kN/em < FwRrd=14.55kN/cm = U=0616 < 1 ok

verification of weld 8, pt. 0:
stresses on the design area of the weld (o = 45°):
ow,Ed = ow,x = 139.0 N/mm?
resultant weld force Fw,Ed = ow,Ed-a = 9.73 kN/cm
resistance of a weld: Fw,Rd = fvw,d'a = 14.55 kN/em, fyw,d = 207.85 N/mm2, a=7.0 mm
Fwed =9.73 kN/em < FwRrd=14.55kN/cm = U=0669 < 1 ok
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Result:
weld 1, pt. 0:  owx = 166.56 N/mm?
Max: Fw,ed=8.33 kN/cm < FwRd=10.39 kN/cm = Uw=0.801 < 1 ok

4.1.4.3. verification of web stiffeners

NR.t = (-Nd'zbu + Md) / z = 402.42 kN, Z = Zeq=198.8 mm, Zbu = 144.6 mm
NR,c = (Nd'Zbo + Md) / z = 402.42 kN, Z = Zeq = 198.8 mm, Zbo = 54.1 mm
compression stiffener
Fc,ed = NR,c = 402.42 kN
verification of the welds with the simplified method.
dimensions, lever arms, forces per rib
br =bst=76.3 mm, b1=Dbgr-rR =49.3 mm, eF =br-0.5b1=51.6 mm with re =27.0 mm
IR=Ilst=307.0 mm, l1=IR-2rR=253.0mm, eH=Ir=307.0 mm, tr =17.0 mm
F = 0.5FcEd - (b-2-r-tw)/bf = 1485 kN, H=F - erlfed = 24 .6 kN
assumption: stiffeners do not buckle (verification method 'elastic-plastic’ = max. section class 2)
c/t-ratio o/t = 4.49 < 33.00 = 335, & =(235/fy)12=1.00 = sectionclass 1 <2 = assumption succeeded !!
cross-section at flange
compression resistance Ne,Rd = (Afy) / ymo = 196.75 kN
design value: Fed = (F2 + 3-H2)1/2 = 152.6 kN
FEd=1526 kN < FRda=1968kN = U=0.776 < 1 ok
cross-section at web
shear resistance VRd = 708.10 kN
design value: Fed=F =146.5 kN
FEd=1465KkN < FRa=708.1kN = U=0.207 < 1 ok
flange welds
fillet weld with a = 9.0 mm
weld thickness a = 9.0 mm > amax = 0.7-tmin = 8.0 mm !!
weld thickness a = 9.0 mm > amax = 0.7-tmin = 8.0 mm !!
resistance of a weld: Fw,Rd = fuw,d'a = 18.71 kN/cm, fyw,d =207.85 N/mm2, a=9.0 mm
design value: Fed = (F2 + H3)1/2/ (2:b1) = 15.08 kN/cm
0% decrease of stress by pressure contact
Fed = 15.08 kN/em < Frd=18.71 kN/em = U=0.806 < 1 ok
web welds
fillet weld with a = 4.0 mm
resistance of a weld: Fw,Rd = fuw,d-a = 8.31 kN/cm, fuw,d =207.85 N/'mm2, a=4.0 mm
design value: Fed=F/ (2:11) =2.90 kN/em
0% decrease of stress by pressure contact
FeEd=2.90 kN/em < Frd=8.31 kN/cm = U=0.348 < 1 ok
stiffener in tension
Ft.ed = NRt = 402.42 kN
dimensions, lever arms, forces per rib
br =bst=76.3 mm, b1 =Dbgr-rR =49.3 mm, erF =br-0.5b1=51.6 mm with rg =27.0 mm
IR=Ilst=307.0mm, lh=IR-2rR=253.0mm, eH=Ir=307.0mm, tr=17.0 mm
F =0.5Fted ' (bf-2:r-tw)/bf= 146 5 kN, H=F - erfeH = 24.6 kN
cross-section at flange
tension resistance Nt,rd = 196.75 kN
design value: Fed = (F2 + 3-H2)1/2 = 152.6 kN
FEd=1526 KN < FRd=1986.8kN = U=0.776 < 1 ok
cross-section at web
shear resistance VRd = 708.10 kN
design value: Fed=F =146.5 kN
FEd=1465KkN < FRa=708.1 kN = U=0.207 < 1 ok

4.1.4 .4, verification result

maximum utilization: max U =0.817 < 1 ok

4 1.5, rotational stiffness

stiffness coefficients
equivalent stiffness coefficient for 3 tension-bolt-rows:
effective stiffness coefficient for bolt-row 1:
ks = 0.9lefftp® / m®=22.69 mm, leff = 144.5 mm, m =35.8 mm
k10 =1.6:As/Lb =6.15 mm, Lb =1ges + 21p + (tk+tm)/2 = 83.8 mm, tges =41.5 mm
ks = 0.7 beff,t,wctwec / dc = 3.26 mm, beff,t,wec = 168.4 mm
ka = 0.9:lefrttc® / m®=9.04 mm, leff = 127.8 mm, m =26.9 mm
Z(1/ki,1) = 1/ka + 1/k4 + 1/ks + 1/k10 = 0.624 = kef,1 = 1/ Z(1/ki,1) = 1.603 mm
effective stiffness coefficient for bolt-row 2:
ks = 0.9lefftp® / m®=20.17 mm, leff = 128.5 mm, m =35.8 mm
k10 =1.6:As/Lb =6.15 mm, Lb =1ges + 21p + (tk+tm)/2 = 83.8 mm, tges =41.5 mm
ks = 0.7 beff,t,wctwe / de = 2.93 mm, befft,we = 151.2 mm
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ka = 0.9lefrttc® / m®=7.82 mm, leff = 110.6 mm, m =26.9 mm
Z(1/ki,2) = 1/ks + 1/k4 + 1/ks + 1/k10 = 0.682 = keft,2 = 1/ Z(1/ki,2) = 1.467 mm
effective stiffness coefficient for bolt-row 3:
ks = 0.9-lefftp® / m® = 31.87 mm, leff = 203.0 mm, m =35.8 mm
k10 =1.6:As/Lb =6.15 mm, Lb =1ges + 21p + (tk+tm)/2 = 83.8 mm, tges =41.5 mm
ks = 0.7 beff,t,wctwe / de = 3.27 mm, beff,t,wec = 168.7 mm
ka = 0.9lefrttc® / m® = 11.983 mm, leff = 168.7 mm, m =26.9 mm
Z(1/ki,3) = 1/ks + 1/k4 + 1/ks + 1/k10 = 0.584 = keft,3=1/Z(1/ki,3) =1.713 mm
equivalent internal lever arm: zeq = Z(keff,rrhr?) / Z(Keff,r-hr) = 198.8 mm
keq = Z(keft,rhr) / Zeq = 3.646 mm
stiffness coefficient of basic component 1:
k1 =0.38-Avc/ (B'z) =9.77 mm, Avc=51.13cm? B=1.0, z=198.8 mm
stiffness coefficient of basic component 2:
k2 = o (stiffened)
sum of stiffness coefficients Z(1/ki) = 1/k1 + 1/k2 + 1/keq = 0.377
rotational stiffness
initial rotational stiffness: Sj,ini = (E-z2) / Z(1/ki) = 22037.8 kNm/rad, z = zeq = 198.8 mm
internal moments at the connection point reg. centre of compression; Mj,Ed = 80.00 kNm, Mj,Rd = 97.96 kNm
IMj,Edl = 80.00 KNm > 2/3 MjRd =65.3 kNm = p=((1.5MjEd)/ MjRrd)¥ =1.730, ¥=2.7
rotational stiffness: SjRd = Sj,ini / 1 = 12741.2 kNm/rad
rotation: ¢j,Ed = Mj,Ed / Sj,Rd = 0.360°

4.2, connection left

notes
connection is verified due to EC 3-1-8 regardless of preloading.
however, connections may be constructed with prestressed high strength bolts.

4.2 1. design values

1 zur connection plane partial internal forces and moments
=1 [«
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sign definition of EC3: a positive axial force means compression, a positive bending moment produces tension at the top
slope angle: ab=a=ov=0°
slope angle: ab2 = a2 = ow2 = 0°

distance: e1=165.0 mm, e3 =144.6 mm, e2=144.6 mm, es=165.0 mm, e7=144.6 mm, es =286.1 mm

internal forces and moments perpendicular to the connection planes
periphery beam (left)
Mdz = 80.00 kNm, Va2 =200.00 kN
partial internal forces and moments
internal forces and moments in the periphery end-plate-beam: M'd = Md - Vdtep = 0.00 kNm

4.2 .2. resistance of cross-section
end-plate joint: basic components: 1, 2, 3, 4, 5, 7, 8, 10, 11, 12

4.2 3. connection capacity

transformation parameter: pj=1.000

4.2.3.1. moment resistance
distance of tension-bolt-rows from centre of compression: h1 =244.6 mm, h2=174.6 mm, h3z =44.6 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 = 239.3 kN
row 2: Fir,rd = 234.9 kN
row 3: Fir,rd = 240.8 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
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group 1
row 1:

Gk 3:
Gk 4

row 2:

Gk 3:
Gk 4

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

ZFtr,rd = 0.0 kN

AFtr,Rd = Ft,we,Rd - ZFtr,Rd = 540.8 kN
AFtr,Rd = Ft,fe,Rd - ZFtr,Rd = 453.3 kN
ZFtr,Rd = 239.3 kN (due to row 1)
AFtr,Rd = Ft,we,Rd - ZFtr,Rd = 301.5 kN
AFtr,Rd = Ft,fe,Rd - ZFtr,Rd = 214.0 kN

decisive basic components: 5, 8

group 1
row 1:

Gk 5:
Gk 8:

row 2:

Gk 5:
Gk 8:

ZFtr,rd = 0.0 kN

AFtr,Rd = Ft,ep,Rd - ZFtr,Rd = 530.1 kN
AFtr,Rd = Ft,wb,Rd - ZFtr,Rd = 455.4 kN
Ftr,rd = 239.3 kN (due to row 1)
AFtr,Rd = Ft,ep,Rd - ZFtr,Rd = 290.8 kN
AFtr,Rd = Ft,wb,Rd - ZFtrRd = 216.1 kN

resistance per bolt-row (tension)

row 1:
row 2:
row 3:

Ftr,Rd = 239.3 kN
FtrRd = 214.0 kN
Ftr,Rd = 240.8 kN
TFtr,Rd" = 694.1 kN

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

decisive basic components: 1, 2, 7

row 1:

Gk 1:
Gk 2:
Gk 7:

row 2:

Gk 1:
Gk 2:
Gk 7:

row 3:

Gk 1:
Gk 2:
Gk 7:

ZFtr,rd = 0.0 kN

AFtr,Rd = Vwp,Rd/Pj - ZFtr,Rd = 641.8 kN
AFtr,Rd = Fe,w,Rd - ZFtr,rd = 581.1 kN
AFtr,Rd = Fef,Rd - ZFtr,Rd = 510.1 kN
EFir,Rd = 239.3 kN (row 1)

AFtr,Rd = Vwp,Rd/Pj - ZFtr,Rd = 402.5 kN
AFtr,Rd = Fe,w,Rd - ZFtr,rd = 341.8 kN
AFtr,Rd = Fef,Rd - ZFtr,Rd = 270.8 kN
EFtr,Rd = 453.3 kN (rows 1to 2)
AFtr,Rd = Vwp,Rd/Pj - ZFtr,Rd = 188.5 kN
AFtr,Rd = Fe,w,Rd - ZFtr,rd = 127.8 kN
AFtr,Rd = Fef,Rd - ZFtr,Rd = 56.8 kN

check acc. to EC 3-1-8, 6.2.7.2(9)

decisive basic component: 10
Ftx,Rrd = 239.3 kN, hx =244.6 mm = Fix,Rd < lim Ftx,Rd = 335.2 kN, no deduction
Ftx,Rd = 214.0 kN, hx=174.6 mm = Fix,Rd < lim Ftx,Rd = 335.2 kN,

row 1:
row 2:

resistance per bolt-row (bending)

row 1:
row 2:
row 3:

Ftr,Rrd = 239.3 kN
Ftrrd = 214.0 kN
Ftrrd = 56.8 kN
SFtr,rd = 510.1 kN

potential failure by basic component 4, 7

resistance of flanges (compression)
TFecRd = 1020.3 kN

moment resistance regarding the centre of compression

Mj,Rd = Z(Ftr,Rd'hr) = 98.5 kNm
tension resistance

Njt,Rd = ZFtr,Rd" = 694.1 kN
compression resistance
Nij,c,Rd = ZF¢,Rd" = 1020.3 kN

4.2 .3.2. shear/bearing resistance

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

row 1:
row 2:
row 3:

Fvr,rd = 301.6 kN
Fvr,rd = 301.6 kN
Fvr,rd = 301.6 kN

Ftr,Rd = 239.3 kN
Ftr,Rd = 239.3 kN

Ftr,Rd = 234.9 kN
Ftr,Rd = 234.9 kN

Fir,Rd = 239.3 kN
Fir,Rd = 239.3 kN

Fir,Rd = 214.0 kN
Fir,Rd = 214.0 kN

Fir,Rd = 239.3 kN
Fir,Rd = 239.3 kN
Fir,Rd = 239.3 kN

Fir,Rd = 214.0 kN
Fir,Rd = 214.0 kN
Fir,Rd = 214.0 kN

FirRd = 240.8 kN
Ftr,Rrd = 188.5 kN
Firrd = 127.8 kN

AFtr,Rd
AFtr,Rd

AFtr,Rd
AFtr,Rd

AFtr,Rd
AFtr,Rd

AFtr,Rd
AFtr,Rd

AFtr,Rd
AFtr,Rd
AFtr,Rd

AFtr,Rd
AFtr,Rd
AFtr,Rd

A Ftr, Rd
A Ftr, Rd
A Ftr, Rd

=
=

=
=

LUy

LUy

=
=
=

Ftr,Rd = 239.3 kN
Ftr,Rd = 239.3 kN

Ftr,Rd = 234.9 kN
Ftr,Rd = 214.0 kN

Fir,Rd = 239.3 kN
Fir,Rd = 239.3 kN

Fir,Rd = 214.0 kN
Fir,Rd = 214.0 kN

Fir,Rd = 239.3 kN
Fir,Rd = 239.3 kN
Fir,Rd = 239.3 kN

Fir,Rd = 214.0 kN
Fir,Rd = 214.0 kN
Fir,Rd = 214.0 kN

Fir,Rd = 188.5 kN
Fir,rd = 127.8 kN
Fir,rd = 56.8 kN

no deduction

deductions depending on tension force (at 100% utilization of moment resistance)
decisive basic component: 10

row 1:
row 2:
row 3:

Fvr,Rd = fvt - 301.6 kN = 266.9 kN

Fvr,Rd = fvt - 301.6 kN = 155.5 kN
Fvr,Rd = fvt - 301.6 kKN = 170.9 kN

with fvt=1 - Ftr,Rd / (1.4-ZFt,Rrd) = 0.516
with fvt =1 - Ftr,Rd / (1.4-ZFt,Rd) = 0.567
with fvt=1 - FirRd / (1.4-ZFt,Rd) = 0.885
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resistance per bolt-row

row 1: Fvr,Rd = 155.5 kN

row 2: Fvr,Rd = 170.9 kN

row 3: Fvr,Rd = 266.9 kN
ZFvr,Rd = 593.3 kN

shear/bearing resistance
Vj,Rd = ZFvr,Rd = 593.3 kN
4.2 .3.3. shear resistance

shear resistance of end plate

end-plate: Vep,Rd = TRdt-leff = 674.59 kN, tRd = 135.7 N/mm2, t=20.0 mm, leff = dw =248.6 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 =516.71 kN, a =5.0 mm, leff = dw = 248.6 mm

shear resistance of end plate: Vep,Rd = Fw,Rd = 516.71 kN

shear resistance of column web
decisive basic component: 1

Vwp,Rd/Bj = 641.8 kN

4.2.3.4. total
Mj,Rd = 98.5 kKNm N;jt,Rd = 894.1 kN Njc,Rd = 1020.3 KN VjRd = 593.3 kN Vwp,Rd/Bj =641.8 KN Vep,Rd =516.7 kN

4.2 4, verifications

calculation of internal lever arm zeq s. rotational stiffness

4.2 .4 1. 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 i 0

2 00,0% 5 weld 1:  aw=5.0 mm lw = 150.0 mm
weld2: aw=5.0mm lw =56.5 mm
weld 3: siehe weld 2
weld 4. aw=50mm lw = 248.6 mm
weld 5: siehe weld 4

’—W weld6: aw=7.0mm  lw=565mm
z weld 7: siehe weld 6
weld 8: aw=7.0 mm lw =150.0 mm
1411
B0 N 0 EI
—_—

1 2] 0
design values refering to centroid of the section:

cross-sectional properties refering to centroid of the line cross-section:
ZAw =56.41 cm2, Awz=24.86cm? Zlw=102.3cm
lw,y = 7855.63 cm#, lw,z=673.03 cm4, Wwt=53.81cm? Azw=13.6 mm

stresses in weld edges:

verifications in weld edges:

4.2 4.2, verification of web stiffeners
4.2 4.3, verification result

maximum utilization: max U =0.000 < 1 ok

4.2 .5, rotational stiffness

stiffness coefficients
equivalent stiffness coefficient for 3 tension-bolt-rows:
effective stiffness coefficient for bolt-row 1:
ks = 0.9lefftp® / m®=22.69 mm, leff = 144.5 mm, m =35.8 mm
k10 =1.6:As/Lb =6.15 mm, Lb =1ges + 21p + (tk+tm)/2 = 83.8 mm, tges =41.5 mm
ks = 0.7 beff,t,wctwec / dc = 3.26 mm, beff,t,wec = 168.4 mm
ka = 0.9:lefrttc® / m®=9.04 mm, leff = 127.8 mm, m =26.9 mm
Z(1/ki,1) = 1/ka + 1/k4 + 1/ks + 1/k10 = 0.624 = kef,1 = 1/ Z(1/ki,1) = 1.603 mm
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effective stiffness coefficient for bolt-row 2:
ks = 0.9lefftp® / m®=20.17 mm, leff = 128.5 mm, m =35.8 mm
k10 =1.6:As/Lb =6.15 mm, Lb =1ges + 21p + (tk+tm)/2 = 83.8 mm, tges =41.5 mm
ka = 0.7-beft,t,wetwe / de = 2.93 mm, Dbefi,twe = 151.2 mm
ka = 0.9lefrttc® / m®=7.82 mm, leff = 110.6 mm, m =26.9 mm
Z(1/ki,2) = 1/ks + 1/k4 + 1/ks + 1/k10 = 0.682 = keft,2 = 1/ Z(1/ki,2) = 1.467 mm
effective stiffness coefficient for bolt-row 3:
ks = 0.9-lefftp® / m® = 31.87 mm, leff = 203.0 mm, m =35.8 mm
k10 =1.6:As/Lb =6.15 mm, Lb =1ges + 21p + (tk+tm)/2 = 83.8 mm, tges =41.5 mm
k3 = 0.7 -befft,wetwe / de = 3.27 mm, beff,t,we = 168.7 mm
ka = 0.9lefrttc® / m® = 11.983 mm, leff = 168.7 mm, m =26.9 mm
Z(1/ki,3) = 1/ks + 1/k4 + 1/ks + 1/k10 = 0.584 = keft,3=1/Z(1/ki,3) =1.713 mm
equivalent internal lever arm: zeq = Z(keff,rrhr?) / Z(Keff,r-hr) = 198.8 mm
keq = Z(keft,rhr) / Zeq = 3.646 mm
stiffness coefficient of basic component 1:
k1 =0.38-Avc/ (B'z) =9.77 mm, Avc=51.13cm? B=1.0, z=198.8 mm
stiffness coefficient of basic component 2:
k2 = o (stiffened)
sum of stiffness coefficients Z(1/ki) = 1/k1 + 1/k2 + 1/keq = 0.377
rotational stiffness
initial rotational stiffness: Sj,ini = (E-z2) / Z(1/ki) = 22037.8 kNm/rad, z = zeq = 198.8 mm
internal moments at the connection point reg. centre of compression: Mj,Ed = 0.00 kNm, MjRd = 98.468 kNm

5. final result

utilization/rotation of the connection

right Teft equilibrium
Lk Sj,ini  Sj @j Sj,ini S ®j Uj 2H v M
-- MNm/rad MNm/rad ° MNm/rad MNm/rad ° kN kN kNm
1 22.0 22.0 0.095 22.0 0.0 0 1.117*%|300.00 200.00 69.61 !!
2 22.0 6.9 0.829 22.0 0.0 0 1.01811140.00 200.00 133.256 !!
3 22.0 12.7  0.360 22.0 0.0 0 0.817 0.00 200.00 113.00 !!

Sjini: initial rotational stiffness; Sj: rotational stiffness; o) rotation; Uj: utilization of the connection; tolerances of equilibrium 1 kN / 1 kNm
*) maximum utilization

maximum utilization [Lk 1]: maxU=1.117 > 1 fault!!
minimum rotational stiffness (right): min Sj=6.9 MNm/rad, S;jini =22.0 MNm/rad, ¢j=0.829°

resistance not ensured !!
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