POS. 24: KOMMENTAR IV.5 BSP.5

Rigid beam connection EC 3-1-8 (04.25), NA: Deutschland

1. input report
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details (section A - A)

1op tension

connection left

section B-B
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details (section B - B)
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according to EC 3-1-8, 5.3 each connection side of two-sided beam-column connections is analysed
independently of the other.

steel grade
steel grade S355
column parameters
section HE240B
reinforcement of the section with transverse stiffeners (web stiffeners, dst = 466.4 mm):
thickness tst = 15.0 mm, width bst = 100.0 mm, length Ist = 206.0 mm
recess at stiffeners cst = 31.5 mm
welds astf = 5.0 mm, ast,w = 5.0 mm
double-sided beam-column joint, right
bolts
bolt class 10.9, bolt size M24
large wrench size (high strength bolt), preloaded (for info: preloading Fp,c* = 0.7-fyb-As = 222.1 kN)
shear plane passes through the unthreaded portion of the bolt
beam parameters
section IPE330
slope angle of haunch about the horizontal axis av = 16.70°
haunch length Ly = 500.0 mm, haunch depth at the connection point hy = Lv:(tan(aw) - tan(ab)) = 150.0 mm
web thickness tw,v = 10.0 mm, flange width, thickness bty = 160.0 mm, tt,v = 15.0 mm, weld thickness av = 5.0 mm
total beam depth at the connection point hges = hb + hv = 480.0 mm
verification parameters
bolted end-plate connection
thickness tp = 20.0 mm, width bp =200.0 mm, length Ip = 600.0 mm
projections hp,o = 100.0 mm, hp,u =20.0 mm
bolts in connection:
4 bolt-rows with 2 bolts
all bolt-rows considered individually
all bolt-rows for shear transfer (rows 1-4)
bolt groups generated automatically, considering all groups reg. row 1
centre distance of the bolts to the lateral edge of the end-plate e2 = 45.0 mm
centre distance of the first bolt-row to the upper edge of the end-plate (end row) eo = 50.0 mm
centre distance of the last bolt-row to the bottom edge of the end-plate (end row) eu = 110.0 mm
centre distance of the bolt-rows from each other p1-2=120.0 mm, p2-3=180.0 mm, p3-4=140.0 mm
welds at the connection point:
beam flange top: fillet weld, weld thickness a = 7.0 mm
beam web: fillet weld, weld thickness a = 5.0 mm
beam flange below: fillet weld, weld thickness a = 7.0 mm, angle ¢ = 107°
double-sided beam-column joint, left
bolts
bolt class 10.9, bolt size M24
large wrench size (high strength bolt), preloaded (for info: preloading Fp,c* = 0.7-fyb-As = 222.1 kN)
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shear plane passes through the unthreaded portion of the bolt
beam parameters
section IPE330
slope angle of haunch about the horizontal axis av = 16.70°
haunch length Ly = 500.0 mm, haunch depth at the connection point hy = Lv:(tan(aw) - tan(ab)) = 150.0 mm
web thickness tw,v = 10.0 mm, flange width, thickness bty = 160.0 mm, tt,v = 15.0 mm, weld thickness av = 5.0 mm
total beam depth at the connection point hges = hb + hv = 480.0 mm
verification parameters
bolted end-plate connection
thickness tp = 20.0 mm, width bp =200.0 mm, length Ip = 600.0 mm
projections hp,o = 100.0 mm, hp,u =20.0 mm
bolts in connection:
4 bolt-rows with 2 bolts
all bolt-rows considered individually
all bolt-rows for shear transfer (rows 1-4)
bolt groups generated automatically, considering all groups reg. row 1
centre distance of the bolts to the lateral edge of the end-plate e2 = 45.0 mm
centre distance of the first bolt-row to the upper edge of the end-plate (end row) eo = 50.0 mm
centre distance of the last bolt-row to the bottom edge of the end-plate (end row) eu = 110.0 mm
centre distance of the bolt-rows from each other p1-2=120.0 mm, p2-3=180.0 mm, p3-4=140.0 mm
welds at the connection point:
beam flange top: fillet weld, weld thickness a = 7.0 mm
beam web: fillet weld, weld thickness a = 5.0 mm
beam flange below: fillet weld, weld thickness a = 7.0 mm, angle ¢ = 107°
internal forces and moments in the intersection point of system axes refering to the non-haunched axis.

Le1: Mjb1,Ed =-100.00 kKNm Vjbi,Ed = 200.00 kN (right) " Me2
Mjb2,Ed = -100.00 kNm Vjb2,Ed = -200.00 kN (left) b2 T Ve Mot
Nij,c1,Ed = -500.00 kN (below) b2 'é\sz l—l}’ Nos
Njc2,Ed = -100.00 kN (top) Ve \jo,
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
prestressing of high strength bolts ym7 = 1.10

notes

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

for haunched beams, the bottom flange of the beam profile is not considered. a fictious
profile is formed from the upper beam flange, the beam web and the haunch flange.
Only at calcualation of end plate the lower beam flange is respected as a stiffener.

no verification for cross-sections.

no verification of haunch connection to beam.

the welds of the haunch profile are not verified.

the welds are not regarded by calculation the T-stub resistance.

welds are not checked.

no verification of web stiffeners.

check of data

connection right:
ok

connection left:
ok

bolts right:
distances between bolts at end-plate
horizontal: e2=45.0 mm > 1.2-do=31.2 mm, e2=45.0mm < 4t + 40 mm = 108.0 mm
horizontal: p2=110.0 mm > 2.4-do = 62.4 mm, p2 = 110.0 mm < min(14-, 200 mm) = 200.0 mnr
top-below: e1=50.0mm > 1.2-do=31.2 mm, e1=50.0mm <4t + 40 mm =108.0 mm
top-below: p1=1200 mm>22do=57.2mm, pi1=120.0 mm <min(14t, 200 mm) = 200.0 mn
top-below: pi=180.0 mm>22do=57.2mm, pi1=180.0 mm <min(14t, 200 mm) =200.0 mn
top-below: pi=1400mm>22do=57.2mm, pi1=140.0 mm <min(14t, 200 mm) = 200.0 mn
top-below: e1=1100mm>12do=312mm, e1=110.0mm>4t+40mm=108.0 mm !
bolt distance from column edge

horizontal: e2=65.0mm > 1.2-do=31.2 mm, e2=65.0mm <4t + 40 mm = 108.0 mm
maximum values for spacings and edge distances should be in order to avoid local buckling and to prevent corrosion.

bolts left:

distances between bolts at end-plate

horizontal: e2=45.0 mm > 1.2-do=31.2 mm, e2=45.0 mm < 4t + 40 mm = 108.0 mm
horizontal: p2=110.0 mm > 2.4-do = 62.4 mm, p2 = 110.0 mm < min(14-, 200 mm) = 200.0 mnr
top-below: e1=50.0mm > 1.2-do=31.2 mm, e1=50.0mm <4t + 40 mm =108.0 mm
top-below: p1=1200 mm>22do=57.2mm, pi1=120.0 mm <min(14t, 200 mm) = 200.0 mn
top-below: pi=180.0 mm>22do=57.2mm, pi1=180.0 mm <min(14t, 200 mm) =200.0 mn
top-below: pi=1400mm>22do=57.2mm, pi1=140.0 mm <min(14t, 200 mm) = 200.0 mn
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top-below: e1=110.0 mm > 1.2-do = 31.2 mm, e1=110.0 mm > 4t + 40 mm = 108.0 mm
bolt distance from column edge

horizontal: e2=650mm>1.2do=31.2 mm, e2=65.0mm <4t + 40 mm =108.0 mm
maximum values for spacings and edge distances should be in order to avoid local buckling and to prevent corrosion.

2. table of results

utilization/rotation of each joint (right)

Lc Uo‘,b Um Uy Uep Usb U Sj,‘in‘i Sj (03]
-- --- --- --- --- --- --- MNm/rad MNm/rad °
1 0.306| 0.215 0.122 0.149 0.309| 0.309 | 447.5 447.5 0.010

Uob: stress utilization at the beam; Um: utilization due to bending; Uy: utilization due to shear/bearing resistance
Uep: utilization due to shear in end-plate; Usb: utilization due to weld; U: utilization of each joint

U: utilization of each joint; Sjini: initial rotational stiffness; Sj: rotational stiffness

¢j: rotation

utilization/rotation of each joint (left)

Lc Uo‘,b Um Uy Uep Usb U Sj,‘in‘i Sj (03]
-- --- --- --- --- --- --- MNm/rad MNm/rad °
1 0.306| 0.215 0.122 0.149 0.309| 0.309 | 447.5 447.5 0.010

Uob: stress utilization at the beam; Um: utilization due to bending; Uy: utilization due to shear/bearing resistance
Uep: utilization due to shear in end-plate; Usb: utilization due to weld; U: utilization of each joint

U: utilization of each joint; Sjini: initial rotational stiffness; Sj: rotational stiffness

¢j: rotation

3. final result

utilization/rotation of the connection

right Teft equilibrium
Lc Sj,ini  Sj @j Sj,ini S ®j Uj 2H v M
-- MNm/rad MNm/rad ° MNm/rad MNm/rad ° kN kN kNm
1 447.5  447.5 0.010 | 447.5 447.5 0.010 | 0.209%  0.00 0.00 0.00 ok

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: max U=0.309 < 1 ok
minimum rotational stiffness (right): min Sj = 447.5 MNm/rad, Sjini = 447.5 MNm/rad, ¢j=0.010°
minimum rotational stiffness (left): min Sj = 447.5 MNm/rad, S;j,ini = 447.5 MNm/rad, ¢j=0.010°

verification succeeded

4. Regulations

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

EN 1993-1-1, Eurocode 3: Bemessung und Konstruktion von Stahlbauten -
Teil 1-1: Allgemeine Bemessungsregeln und Regeln fir den Hochbau;
Deutsche Fassung EN 1993-1-1:2022, Ausgabe April 2025

EN 1993-1-1/NA, Nationaler appendix zur EN 1993-1-1, Ausgabe Oktober 2022

EN 1993-1-8, Eurocode 3: Bemessung und Konstruktion von Stahlbauten -
Teil 1-8: Bemessung von Anschllssen;
Deutsche Fassung EN 1993-1-8:2024, Ausgabe April 2025
EN 1993-1-8/NA, Nationaler appendix zur EN 1993-1-8, Ausgabe November 2020

5. Lc 1 (decisive)

5.1. connection right

5.1.1. design values
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internal forces at noperiphery connectionl zur connection plane
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slope angle: ab =0.00° ov=16.70° = o= (abt+ow)/2 = 8.35°
ab2 = 0.00° av2 =16.70° = a2 = (ab2+av2)/2 = 8.35°
distance:

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

Nd =-29.04 kN, Md =75.74 kNm, Vq=197.88 kN

periphery beam (left)

Nd2 = -29.04 kN, Md2 =75.74 kNm, Vd2 =197.88 kN

periphery column (below)

Nc = 500.00 kN

periphery column (top)

Ne2 = 100.00 kN

partial internal forces and moments

partial internal forces and moments
N
. n™Nb,t — g
Vew! [ — Nbyt
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iy
Ng o
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|~ —Nbe

e1=120.0mm, e3=2344mm, e2=216.8 mm, e5=120.0 mm, e7 =234.4 mm, es = 466.4 mm

internal forces and moments in the periphery end-plate-beam: M'd = Md + Nd-tptan(a) - Vdtp = 71.70 kNm

Nb,t = -Nd-zbu/zb + M'd/zb = 167.07 kN, zb =466.4 mm, zbu =214.3 mm

Nb,c = (Nd'Zbo/Zb + M'd/zb) / cos(aw) = 144.10 kN, zb = 466.4 mm, zZbo =252.1 mm
Vb,t = -Np,t-sin(ab) = 0.00 kN, Vb,c = Nb,csin(ow) =41.41 kN, Vbw = Vd - Vbt - Vb,c = 156.47 kN

5.1.2. resistance of cross-section in the periphery

c/t-utilization reg. section class 2

flange below: section class 1, utilization Uet = 0.457

web: section class 1, utilization Ueit = 0.683

total: section class 1, c/t-utilization Uet =0.683 < 1 ok

plastic verification for Ned = 29.04 kN, My,ed =-71.70 kNm, VzEd = 197.88 kN
section class of the section 1 <2 ok

shear buckling: hp/tp =60.38 > 72:¢/n = 48.82 = particular verification is required !!

Der cross-section ist plastic not acc. toweisbar !!
elastic verification for N =29.04 kN, My =-71.70 kNm, Vz = 197.88 kN

verification: oy = 108.81 N/mm?2 < ov,Rd = 355.00 N/mm?2 = Us=0.306 < 1 ok

c/t-ratio: outstand flange: utilization Uct =0.145 < 1 ok

internal compression parts: utilization Ugt=0.215 < 1 ok

5.1.3. basic components

5.1.3.1. be 1: Column web panel in shear

transformation parameter (EC 3-1-8, 7.2.3(4)) Bj = 11 - Mj2/Mj1-z1/z21 =0.58 < 2
for Mj1 = 100.00 kNm, Mj2 =100.00 kNm, z1=372.2 mm, z2=234.8 mm
uw

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

-
—

T Vwp

|

466°

l

Vyp

15)]

164 | |17
1T

..

slenderness of column web hwe/twe =20.60 < 72:¢/n =48.82 = method applicable
plastic shear resistance without web stiffeners Vwp,Rd = (0.9-fy,w-Awp) / (312-ym0) = 442.71 kN

Beitrag of column flange:

additional resistance Vwp,add,Rd = 4-Mpl,fc,Rd/zZwp = 110.8 kN, zwp = hr =222.2 mm

plastic shear resistance plus Beitrag of column flange Vwp,Rd = 553.5 kN
placing of intermediate web stiffeners:
additional resistance Vwp,add,Rd = 4-Mpl,fc,Rd/hr+2-Mpl,st,Rd)/hr = 110.83 kN
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plastic shear resistance with transverse stiffeners Vwp,Rd = 664.36 kN

5.1.3.2. be 2: column web in transverse compression

transformation parameter (EC 3-1-8, 7.2.3(4)) Bj = 11 - Mj2/Mj1-z1/z21 =0.58 < 2
for Mj1 = 100.00 kNm, Mj2 =100.00 kNm, z1=372.2 mm, z2=234.8 mm
longitudinal compressive stress in column web ccom,Ed = 47.18 N/mm?

Only the essential sizes are sketched to scale.

............. The connection geometry is only hinted.
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effective width of web in transverse compression beff,c = tib + 5:(tfc+Sc) + Sp = 245.7 mm
reduction factor kw = 1.0 for 6com,Ed = 47.2 N'mm? < 0.7-fy,w = 248.5 N/mm?
plate slenderness ip = 0.932:[(beff,c-dw-fy) / (E-tw?)]72 = 0.769
reduction factor for web buckling p = (1p-0.22) / 2p2 = 0.928 for ip > 0.673
reduction factor for interaction with shear stress 0.5<p <1 = » =0.941
resistance of an unstiffened web in transverse compression:

Few,Rd = @ - (kwbeff,ctw-fyw) / ymo = 820.39 kN

Few,Rd = @ « (kw'pbeff,ctw fy,w) / ym1 = 692.31 kN (decisive)
reinforcement of web with intermediate transverse stiffeners:
assumption: stiffeners do not buckle: section class 1, section class 1<3 ok
minimum demands of the moment of inertia of stiffeners:

length of buckling field (distance of stiffeners) a = 466.4 mm

web height between the flanges hwe = 206.0 mm

moment of inertia of stiffeners lst = 1157.63 cm*

minimum moment of inertia for a/hwe = 2.26 > 21/2: |st,min = 15.45 cm# < lst ok
requirement concerning stiffeners to aviod lateral torsional buckling:

torsional moment of inertia of stiffeners It = 11.25 cm#

polar moment of inertia of stiffeners Ip = 127.81 cm?

It/ lp ~0.088 > 0.009 = 5.3-fy,st/Est 0k
resistance of the stiffened webs with transverse compression:

area of stiffeners incl. web Ast = 31.50 cm?

slenderness % = 0.044

. <0.2 = no deduction (3 =1.0)

design value of resistance of flexural buckling Fe,w,rd = 1016.6 kN
maximum resistance:

Few,Rd = 1016.6 kN (resistance with transverse stiffeners)

resistance of the upper beam flange:
effective width of web in transverse compression beff,c = ttb + 2:212-ap + 5-(tic+sc) + sp = 261.3 mm
reduction factor kw = 1.0 for 6com,Ed = 47.2 N'mm? < 0.7-fy,w = 248.5 N/mm?
plate slenderness ip = 0.932:[(beff,c-dw-fy) / (E-tw?)]7/2 = 0.793
reduction factor for web buckling p = (Ap-0.22) / 3p2 = 0.911 for Ap > 0.673
reduction factor for interaction with shear stress 0.5<p <1 = ®» =0.937
resistance of an unstiffened web in transverse compression:

Few,Rd = @ - (kwbeff,ctw-fyw) / ymo = 868.94 kN

Few,Rd = @ « (kw'pbeff,ctw fy,w) / ym1 = 719.65 kN (decisive)
reinforcement of web with intermediate transverse stiffeners:
assumption: stiffeners do not buckle: section class 1, section class 1<3 ok
minimum demands of the moment of inertia of stiffeners:

length of buckling field (distance of stiffeners) a = 466.4 mm

web height between the flanges hwe = 206.0 mm

moment of inertia of stiffeners lst = 1157.63 cm*

minimum moment of inertia for a/hwe = 2.26 > 21/2: |st,min = 15.45 cm# < lst ok
requirement concerning stiffeners to aviod lateral torsional buckling:

torsional moment of inertia of stiffeners It = 11.25 cm*

polar moment of inertia of stiffeners Ip = 127.81 cm?

It/ lp ~0.088 > 0.009 = 5.3-fy,st/Est 0k
resistance of the stiffened webs with transverse compression:

area of stiffeners incl. web Ast = 31.50 cm?

slenderness % = 0.044

. <0.2 = no deduction (3 =1.0)

design value of resistance of flexural buckling Fe,w,rd = 1016.6 kN
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maximum resistance:
FewRd = 1016.6 kKN (resistance with transverse stiffeners)

5.1.3.3. be 4: column flange in bending

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

180 120/

1140 ]

slele el

equivalent T-stub flange (each individual bolt-row):
here: number of bolt-rows np = 1
row 1
effective length of the T-stub flange (column flange):
in mode 1: Zleff,1 = leff,1 = min(leff,nc, leff,cp) = 208.6 mm, leff,cp = 208.6 mm
in mode 2: Zleff,2 = leff,2 = leff,nc = 224.7 mm
tension resistance of the T-stub flange:
in mode 1: Mpi,1,Rd = (0.25-Zleff,1-t2-fy) / ymo = 5.35 KNm
in mode 2: Mpi,2,Rd = (0.25-Zleff,21i2-fy) / ymo = 5.76 KNm
Ft,Rd = (ka-fub-As) / ym2 = 253.80 kN, k2 =0.90
in mode 3: ZFt,Rd = 2:nb-Ft,Rd = 507.60 kN
mode 1: complete yielding of the T-stub flange
FT,1,Rd = ((8:n-2-ew)-Mpl,1,Rd) / (2:m-n-ew-(m+n)) = 857.65 kN
mode 2: bolt failure simultaneously with yielding of the T-stub flange
FT,2,Rd = (2-Mpl,2,Rd + N-ZFt,Rd) / (M+n) = 436.33 kN
mode 3: bolt failure
FT,3,Rd = ZFt,Rd = 507.60 kN
tension resistance of the T-stub flange: F1,Rd = min(FT,1,Rd, FT,2,Rd, FT,3,Rd) = 436.33 kN
row 2
effective length of the T-stub flange (column flange):
in mode 1: Zleff,1 = leff,1 = min(leff,nc, leff,cp) = 208.6 mm, leff,cp = 208.6 mm
in mode 2: Zleff,2 = leff,2 = leff,nc =214.2 mm
tension resistance of the T-stub flange:
in mode 1: Mpi,1,Rd = (0.25-Zleff,1-t2-fy) / ymo = 5.35 KNm
in mode 2: Mpi,2,Rd = (0.25-Zleff,21i2-fy) / ymo = 5.49 KNm
Ft,Rd = (ka-fub-As) / ym2 = 253.80 kN, k2 =0.90
in mode 3: ZFt,Rd = 2:nb-Ft,Rd = 507.60 kN
mode 1: complete yielding of the T-stub flange
FT,1,Rd = ((8:n-2-ew)-Mpl,1,Rd) / (2:m-n-ew-(m+n)) = 857.65 kN
mode 2: bolt failure simultaneously with yielding of the T-stub flange
FT,2,Rd = (2-Mpl,2,Rd + N-ZFt,Rd) / (M+n) = 429.12 kN
mode 3: bolt failure
FT,3,Rd = ZFt,Rd = 507.60 kN
tension resistance of the T-stub flange: F1,Rd = min(FT,1,Rd, FT,2,Rd, FT,3,Rd) = 429.12 kN
row 3
effective length of the T-stub flange (column flange):
in mode 1: Zleff,1 = leff,1 = min(leff,nc, leff,cp) = 208.6 mm, leff,cp = 208.6 mm
in mode 2: Zleff,2 = leff,2 = leff,nc =214.1 mm
tension resistance of the T-stub flange:
in mode 1: Mpi,1,Rd = (0.25-Zleff,1-t2-fy) / ymo = 5.35 KNm
in mode 2: Mpi,2,Rd = (0.25-Zleff,21i2-fy) / ymo = 5.49 KNm
Ft,Rd = (ka-fub-As) / ym2 = 253.80 kN, k2 =0.90
in mode 3: ZFt,Rd = 2:nb-Ft,Rd = 507.60 kN
mode 1: complete yielding of the T-stub flange
FT,1,Rd = ((8:n-2-ew)-Mpl,1,Rd) / (2:m-n-ew-(m+n)) = 857.65 kN
mode 2: bolt failure simultaneously with yielding of the T-stub flange
FT,2,Rd = (2-Mpl,2,Rd + N-ZFt,Rd) / (M+n) = 428.99 kN
mode 3: bolt failure
FT,3,Rd = ZFt,Rd = 507.60 kN
tension resistance of the T-stub flange: F1,Rd = min(FT,1,Rd, FT,2,Rd, FT,3,Rd) = 428.99 kN
row 4
effective length of the T-stub flange (column flange):
in mode 1: Zleff,1 = leff,1 = min(leff,nc, leff,cp) = 208.6 mm, leff,cp = 208.6 mm
in mode 2: Zleff,2 = leff,2 = leff,nc =214.1 mm
tension resistance of the T-stub flange:
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in mode 1: Mpi,1,Rd = (0.25-Zleff,1-t2-fy) / ymo = 5.35 KNm
in mode 2: Mpi,2,Rd = (0.25-Zleff,21i2-fy) / ymo = 5.49 KNm
Ft,Rd = (ka-fub-As) / ym2 = 253.80 kN, k2 =0.90
in mode 3: ZFt,Rd = 2:nb-Ft,Rd = 507.60 kN
mode 1: complete yielding of the T-stub flange
FT,1,Rd = ((8:n-2-ew)-Mpl,1,Rd) / (2:m-n-ew-(m+n)) = 857.65 kN
mode 2: bolt failure simultaneously with yielding of the T-stub flange
FT,2,Rd = (2-Mpl,2,Rd + N-ZFt,Rd) / (M+n) = 428.99 kN
mode 3: bolt failure
FT,3,Rd = ZFt,Rd = 507.60 kN
tension resistance of the T-stub flange: F1,Rd = min(FT,1,Rd, FT,2,Rd, FT,3,Rd) = 428.99 kN
resistances and effective lengths of column flange in bending (per bolt-row)
Ftfc,Rd,1 = 436.33 kN, lefi,1 = 208.6 mm
Ftfc,Rd,2 = 429.12 kN, lefi,2 = 208.6 mm
Ftfc,Rd,3 = 428.99 kN, lefi,3 = 208.6 mm
Ftfc,Rd,4 = 428.99 kN, leff,4 = 208.6 mm

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

here: number of bolt-rows nb = 2 (between stiffeners)
effective length of the T-stub flange (column flange):
in mode 1: Zleff,1 = min(Zleff,nc, Zleff,cp) = 394.2 mm, Zleft,cp = 568.6 mm
in mode 2: Zleff,2 = Zleff,nc = 394.2 mm
tension resistance of the T-stub flange:
in mode 1+2: Mpi,Rd = (0.25 Zlefit2-fy) / ymo = 10.11 KNm
Ft,Rd = (ka-fub-As) / ym2 = 253.80 kN, k2 =0.90
in mode 3: XFtRd = 2:nb-Ft,Rd = 1015.20 kN
mode 1: complete yielding of the T-stub flange
FT,1,Rd = ((8:n-2-ew)-Mpl,1,Rd) / (2:m-n-ew-(m+n)) = 1620.88 kN
mode 2: bolt failure simultaneously with yielding of the T-stub flange
FT,2,Rd = (2-Mpl,2,Rd + N-ZFt,Rd) / (M+n) = 834.73 kN
mode 3: bolt failure
F1,3,Rd = ZFt,rd = 1015.20 kN
tension resistance of the T-stub flange: F1,Rd = min(FT,1,Rd, FT,2,Rd, FT,3,Rd) = 834.73 kN
equivalent T-stub flange (group of bolts 2):

here: number of bolt-rows nb = 3 (between stiffeners)
effective length of the T-stub flange (column flange):
in mode 1: Zleff,1 = min(Zleff,nc, Zleff,cp) = 534.2 mm, Zleft,cp = 848.6 mm
in mode 2: Zleff,2 = Zleff,nc = 534.2 mm
tension resistance of the T-stub flange:
in mode 1+2: Mpi,Rd = (0.25 Zlefi12-fy) / ymo = 18.70 kNm
Ft,Rd = (ka-fub-As) / ym2 = 253.80 kN, k2 =0.90
in mode 3: XFt,Rd = 2:nb-Ft,Rd = 1522.80 kN
mode 1: complete yielding of the T-stub flange
FT,1,Rd = ((8:n-2-ew)-Mpl,1,Rd) / (2:m-n-ew-(m+n)) = 2196.48 kN
mode 2: bolt failure simultaneously with yielding of the T-stub flange
FT,2,Rd = (2-Mpl,2,Rd + N-ZFt,Rd) / (M+n) = 1212.87 kN
mode 3: bolt failure
F1,3,Rd = ZFt,Rd = 1522.80 kN
tension resistance of the T-stub flange: F1,Rd = min(FT,1,Rd, FT,2,Rd, FT,3,Rd) = 1212.87 kN
resistances and effective lengths of column flange in bending (per bolt group):
Fep,Rd,2-3 = 834.73 kN, Zleff = 394.2 mm, 2 rows
Fep,Rd,2-4 = 1212.87 kN, Zleff = 534.2 mm, 3 rows

5.1.3.4. bc 3: column web in transverse tension

transformation parameter (EC 3-1-8, 7.2.3(4)) Bj = 11 - Mj2/Mj1-z1/z21 =0.58 < 2
for Mj1 = 100.00 kNm, Mj2 =100.00 kNm, z1=372.2 mm, z2=234.8 mm

al . Only the essential sizes are sketched to scale.
/ The connection geometry is only hinted.
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each individual bolt-row:

row 1
reduction factor for interaction with shear stress 0.5 <pf <1 = o =0.951
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resistance eines unstiffeneden column webs with transverse tension
Ftwe,Rd = ® - (befft,wetwefy,we) / ymo = 704.13 kN, beft,t,we = 208.6 mm
row 2
reduction factor for interaction with shear stress 0.5 <pf <1 = o =0.951
resistance eines unstiffeneden column webs with transverse tension
Ftwe,Rd = ® - (befft,wetwefy,we) / ymo = 704.13 kN, beft,t,we = 208.6 mm
row 3
reduction factor for interaction with shear stress 0.5 <pf <1 = o =0.951
resistance eines unstiffeneden column webs with transverse tension
Ftwe,Rd = ® - (befft,wetwefy,we) / ymo = 704.13 kN, beft,t,we = 208.6 mm
row 4
reduction factor for interaction with shear stress 0.5 <pf <1 = o =0.951
resistance eines unstiffeneden column webs with transverse tension
Ftwe,Rd = ® - (befft,wetwefy,we) / ymo = 704.13 kN, beft,t,we = 208.6 mm
resistance of a column web with transverse tension (per bolt-row)
Ftwe,Rd,1 = 704.13 kN, beft,twe = 208.6 mm (s. bc 4)
Ftwe,Rd,2 = 704.13 kN, beff,twe = 208.6 mm (s. bc 4)
Ftwe,Rd,3 = 704.13 kN, beft,twe = 208.6 mm (s. bc 4)
Ftwe,Rd,4 = 704.13 kN, beft,twe = 208.6 mm (s. bc 4)

group of bolt-rows, group 1:
reduction factor for interaction with shear stress 0.5<p<1 = ©=0.910
resistance eines unstiffeneden column webs with transverse tension
Ftwe,Rd = ® - (beftt,wetwefy,we) / ymo = 1273.89 kN, beft,t,we = 394.2 mm

group of bolt-rows, group 2:
reduction factor for interaction with shear stress 0.5<p <1 = © =0.893
resistance eines unstiffeneden column webs with transverse tension
Ftwe,Rd = @ - (beff,t,wetwe fy,we) / yMo = 1692.66 kN, beff,twe = 534.2 mm
resistances of a column web with transverse tension (per bolt group):
Ftwe,Rd,2-3 = 1273.89 kN, Zbefft,wec =394.2 mm (s. bc 4), 2 rows
Ftwe,Rd,2-4 = 1692.66 kN, Zbefft,wec = 534.2 mm (s. bc 4), 3 rows

5.1.3.5. bc 5: end-plate in bending

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

extended part of end-plate

in the extended part of the end-plate only one bolt-row is considered (np = 1).
effective length of the T-stub flange (end-plate):
in mode 1: Zleff,1 = leff,1 = min(leff,nc, leff,cp) = 100.0 mm, leff,cp = 222.2 mm
in mode 2: Zleff,2 = leff,2 = leff,nc = 100.0 mm
tension resistance of the T-stub flange:
in mode 1+2: Mpi,Rd = (0.25 Zlefr-ti2-fy) / ymo = 3.55 kNm
Ft,Rd = (ka-fub-As) / ym2 = 253.80 kN, k2 =0.90
in mode 3: ZFt,Rd = 2:nb-Ft,Rd = 507.60 kN
mode 1: complete yielding of the T-stub flange
FT,1,Rd = ((8:n-2-ew)-Mpl,1,Rd) / (2:m-n-ew-(m+n)) = 419.98 kN
mode 2: bolt failure simultaneously with yielding of the T-stub flange
FT,2,Rd = (2-Mpl,2,Rd + N-ZFt,Rd) / (M+n) = 352.74 kN
mode 3: bolt failure
FT,3,Rd = ZFt,Rd = 507.60 kN
tension resistance of the T-stub flange: F1,Rd = min(FT,1,Rd, FT,2,Rd, FT,3,Rd) = 352.74 kN
resistance and effective length of end-plate in bending (projection)
Ftep,Rd,1 = 352.74 kN, leff,1 = 100.0 mm
part of end-plate between beam flanges

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

row 2
effective length of the T-stub flange (end-plate):
in mode 1: Zleff,1 = leff,1 = min(leff,nc, leff,cp) = 252.5 mm, leff,cp = 286.5 mm
in mode 2: Zleff,2 = leff,2 = leff,nc = 252.5 mm
tension resistance of the T-stub flange:
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in mode 1+2: Mpi,Rd = (0.25 Zlefr-ti2-fy) / ymo = 8.96 kNm
Ft,Rd = (ka-fub-As) / ym2 = 253.80 kN, k2 =0.90
in mode 3: ZFt,Rd = 2:nb-Ft,Rd = 507.60 kN
mode 1: complete yielding of the T-stub flange
FT,1,Rd = ((8:n-2-ew)-Mpl,1,Rd) / (2:m-n-ew-(m+n)) = 975.17 kN
mode 2: bolt failure simultaneously with yielding of the T-stub flange
FT,2,Rd = (2-Mpl,2,Rd + N-ZFt,Rd) / (M+n) = 450.03 kN
mode 3: bolt failure
FT,3,Rd = ZFt,Rd = 507.60 kN
tension resistance of the T-stub flange: F1,Rd = min(FT,1,Rd, FT,2,Rd, FT,3,Rd) = 450.03 kN
row 3
effective length of the T-stub flange (end-plate):
in mode 1: Zleff,1 = leff,1 = min(leff,nc, leff,cp) = 239.7 mm, leff,cp = 286.5 mm
in mode 2: Zleff,2 = leff,2 = leff,nc = 239.7 mm
tension resistance of the T-stub flange:
in mode 1+2: Mpi,Rd = (0.25 Zlefr-ti2-fy) / ymo = 8.51 kNm
Ft,Rd = (ka-fub-As) / ym2 = 253.80 kN, k2 =0.90
in mode 3: ZFt,Rd = 2:nb-Ft,Rd = 507.60 kN
mode 1: complete yielding of the T-stub flange
FT,1,Rd = ((8:n-2-ew)-Mpl,1,Rd) / (2:m-n-ew-(m+n)) = 925.60 kN
mode 2: bolt failure simultaneously with yielding of the T-stub flange
FT,2,Rd = (2-Mpl,2,Rd + N-ZFt,Rd) / (M+n) = 439.97 kN
mode 3: bolt failure
FT,3,Rd = ZFt,Rd = 507.60 kN
tension resistance of the T-stub flange: F1,Rd = min(FT,1,Rd, FT,2,Rd, FT,3,Rd) = 439.97 kN
row 4
effective length of the T-stub flange (end-plate):
in mode 1: Zleff,1 = leff,1 = min(leff,nc, leff,cp) = 245.0 mm, leff,cp = 286.5 mm
in mode 2: Zleff,2 = leff,2 = leff,nc = 245.0 mm
tension resistance of the T-stub flange:
in mode 1+2: Mpi,Rd = (0.25 Zlefr-t2-fy) / ymo = 8.70 kNm
Ft,Rd = (ka-fub-As) / ym2 = 253.80 kN, k2 =0.90
in mode 3: ZFt,Rd = 2:nb-Ft,Rd = 507.60 kN
mode 1: complete yielding of the T-stub flange
FT,1,Rd = ((8:n-2-ew)-Mpl,1,Rd) / (2:m-n-ew-(m+n)) = 946.03 kN
mode 2: bolt failure simultaneously with yielding of the T-stub flange
FT.2,Rd = (2-Mpl,2,Rd + N-ZFt,Rd) / (M+n) = 444.11 kN
mode 3: bolt failure
FT,3,Rd = ZFt,Rd = 507.60 kN
tension resistance of the T-stub flange: F1,Rd = min(FT,1,Rd, FT,2,Rd, FT,3,Rd) = 444.11 kN
resistances and effective lengths of end-plate in bending (per bolt-row):
Fep,Rd,2 = 450.083 kN, leff,2 = 252.5 mm
Fep,Rd,3 = 439.97 kN, leff,3 = 239.7 mm
Fep,Rd,4 = 444.11 kN, leff,4 = 245.0 mm

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

here: number of bolt-rows np = 2 (R2+R3)
effective length of the T-stub flange (end-plate):
in mode 1: Zleff,1 = min(Zleff,nc, Zleff,cp) = 433.5 mm, Zleft,cp = 646.5 mm
in mode 2: Zleff,2 = Zleff,nc = 433.5 mm
tension resistance of the T-stub flange:
in mode 1+2: Mpl,Rd = (0.25 Zlefit12-fy) / ymo = 15.39 kKNm
Ft,Rd = (ka-fub-As) / ym2 = 253.80 kN, k2 =0.90
in mode 3: XFtRd = 2:nb-Ft,Rd = 1015.20 kN
mode 1: complete yielding of the T-stub flange
FT,1,Rd = ((8:n-2-ew)-Mpl,1,Rd) / (2:m-n-ew-(m+n)) = 1674.36 kN
mode 2: bolt failure simultaneously with yielding of the T-stub flange
FT,2,Rd = (2-Mpl,2,Rd + N-ZFt,Rd) / (M+n) = 844.05 kN
mode 3: bolt failure
F1,3,Rd = ZFt,rd = 1015.20 kN
tension resistance of the T-stub flange: F1,Rd = min(FT,1,Rd, FT,2,Rd, FT,3,Rd) = 844.05 kN
resistances and effective lengths of end-plate in bending (per bolt group):
Fep,Rd,2-3 = 844.05 kN, Zleff = 433.5 mm, 2 rows
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5.1.3.6. bc 8: beam web in tension

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

g NN 3 P L

each individual bolt-row:
row 2
effective width beft,t,wb = 252.5 mm (letf from bc 5)
resistance of a beam web in tension
Ft,wb,Rd = beff,t,wb-twb-fy,wb / yM0 = 672.28 kN
row 3
effective width beft,t,wb = 239.7 mm (letf from bc 5)
resistance of a beam web in tension
Ft,wb,Rd = beff,t,wb-twb-fy,wb / ymo = 638.10 kN
row 4
effective width beft,t,wb = 245.0 mm (letf from bc 5)
resistance of a beam web in tension
Ft,wb,Rd = beff,t,wb-twb-fy,wb / Ym0 = 652.18 kN
resistance of a beam web in tension (per bolt-row)
Ftwb,Rd,2 = 672.28 kN, befftwb =252.5 mm (s. bc 5)
Ft,wb,Rd,3 = 638.10 kN, befftwb =239.7 mm (s. bc 5)
Ft,wb,Rd,4 = 652.18 kN, befftwb =245.0 mm (s. bc 5)

group of bolt-rows, group 1:
effective width beft,t,wb = 433.5 mm (letf from bc 5)
resistance of a beam web in tension
Ft,wb,Rd = Deff,t,wb-twb-fy,wb / yM0 = 1154.29 kN
resistances of a beam web in tension (per bolt group):
Ftwb,Rd,2-3 = 1154.29 kN, Zbefftwb = 433.5 mm (s.bc 5), 2 rows

5.1.3.7. bc 10: bolts in tension
Only the essential sizes are sketched to scale.
A The connection geometry is only hinted.

M24

(10

S,

il

Ft

tension resistance of one bolt Ft,Rd = (k2-fub-As) / ym2 = 253.80 kN, k2 = 0.90
punching shear load capicity of a bolt Bp,Rd = (0.6-n-dmtp-fu)) / ym2 = 541.39 kN, tp =17.0 mm
tension-/punching shear load capicity for 2 bolts: ZFtp,Rd = 2:min(Ft,Rd, Bp,Rd) = 507.60 kN
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5.1.3.8. bc 11: bolts in shear

Only the essential sizes are sketched to scale.
M24 The connection geometry is only hinted.

Fv L, >

shear resistance Fy,Rd = owv-fub-A/ ym2 =217.15 kN, av =0.60
shear resistance of 2 bolts (1-shear): ZFy,Rd = 2-Fv,Rd = 434.29 kN

5.1.3.9. bc 12: plate with bearing resistance

Only the essential sizes are sketched to scale.
The connection geometry is only hinted.
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Fb/ 24”) |
g

o
Fb/2

|

=t

120
row 1
end-plate:

bolt 1: bearing resistance Fo,Rd = (km-ob-fu-d-t) / ym2 = 361.85 kN, km =1.00, ab=1.92
bolt 2: bearing resistance Fo,Rd = (km-ob-fu-d-t) / ym2 = 361.85 kN, km =1.00, ab=1.92
bearing resistance of 1x2 bolts: ZFb,Rd = 723.69 kN

shear block of groups of bolts
shearversagen in Kombination in tensionversagen of plate

failure type 1:
tension-shear resistance Veft,rd = (Ant-fu + min(Agv-fy, Anv-fu)/3172) / ym2 = 822.53 kN
failure type 2:
tension-shear resistance Veft,rd = (Ant-fu + min(Agv-fy, Anv-fu)/312) / ym2 = 665.73 kN
failure type 3:
tension-shear resistance Veft,Rd = (0.5-Ant-fu + min(Agv-fy, Anv-fu)/31/2) / ym2 = 567.73 kN
failure type 4:
tension resistance (without shearanteil) Veff,Rd = (Ant-fu) / ym2 = 1160.32 kN
resistance due to shear block: min Veif,Rd = 567.7 kN
total
bearing resistance incl. shear block: min(ZFb,Rd, min Veft,Rd) = 567.7 kN
column flange:
bolt 1: bearing resistance Fo,Rd = (km-ab-fu-d-t) / ym2 = 479.81 kN, km =1.00, ab =3.00
bolt 2: bearing resistance Fo,Rd = (km-ob-fu-d-t) / ym2 = 479.81 kN, km =1.00, ab =3.00
bearing resistance of 1x2 bolts: ZFb,Rd = 852.99 kN

row 2
end-plate:
bolt 1: bearing resistance Fo,Rd = (km-ob-fu-d-t) / ym2 = 564.48 kN, km =1.00, ab =3.00
bolt 2: bearing resistance Fo,Rd = (km-ob-fu-d-t) / ym2 = 564.48 kN, km =1.00, ab =3.00
bearing resistance of 1x2 bolts: ZFp,Rrd = 1003.52 kN
column flange:
bolt 1: bearing resistance Fo,Rd = (km-ab-fu-d-t) / ym2 = 479.81 kN, km =1.00, ab =3.00
bolt 2: bearing resistance Fo,Rd = (km-ob-fu-d-t) / ym2 = 479.81 kN, km =1.00, ab =3.00
bearing resistance of 1x2 bolts: ZFb,Rd = 852.99 kN

row 3
end-plate:
bolt 1: bearing resistance Fo,Rd = (km-ob-fu-d-t) / ym2 = 564.48 kN, km =1.00, ab =3.00
bolt 2: bearing resistance Fo,Rd = (km-ob-fu-d-t) / ym2 = 564.48 kN, km =1.00, ab =3.00
bearing resistance of 1x2 bolts: ZFp,Rrd = 1003.52 kN
column flange:
bolt 1: bearing resistance Fo,Rd = (km-ab-fu-d-t) / ym2 = 479.81 kN, km =1.00, ab =3.00
bolt 2: bearing resistance Fo,Rd = (km-ob-fu-d-t) / ym2 = 479.81 kN, km =1.00, ab =3.00
bearing resistance of 1x2 bolts: ZFb,Rd = 852.99 kN
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row 4
end-plate:
bolt 1: bearing resistance Fo,Rd = (km-ob-fu-d-t) / ym2 = 564.48 kN, km =1.00, ab =3.00
bolt 2: bearing resistance Fo,Rd = (km-ob-fu-d-t) / ym2 = 564.48 kN, km =1.00, ab =3.00
bearing resistance of 1x2 bolts: ZFp,Rrd = 1003.52 kN
column flange:
bolt 1: bearing resistance Fo,Rd = (km-ab-fu-d-t) / ym2 = 479.81 kN, km =1.00, ab =3.00
bolt 2: bearing resistance Fo,Rd = (km-ob-fu-d-t) / ym2 = 479.81 kN, km =1.00, ab =3.00
bearing resistance of 1x2 bolts: ZFb,Rd = 852.99 kN

bearing resistance (4 rows)
EFb,Rd,1 =567.73 kN
2Fb,Rd,2 = 852.99 kN
2Fb,Rd,3 = 852.99 kN
EFb,Rd,4 = 852.99 kN

5.1.3.10. bc 19: weld

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

Tw = 138.2 mm

calculation with the simplified method

beam flange in compression

resistance of a weld: Fw,Rd = fvw,d-a = 1760.28 kN/m, fvw,d =251.5 N/mm2, a=7.0 mm
total Fw,Rd = 486.7 kN

5.1.3.11. be 20: haunched beam in compression

flange below: section class 1

web: section class 1

total: section class 1

section class of the beam in connection plane: 1

taking into account the moment-shear force-interaction Ved = 200.0 kN

Only the essential sizes are sketched to scale.
The connection geometry is only hinted.
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assumption: haunch flange no hazard of buckling: 1 <3 ok
connection haunch-column: (basic component 7: beam flange and web in compression)
beam height incl. haunch h = hp+hy = 480.0 mm
resistance only flange (without web, plastic: section class 1)
haunch flange width bfy = 160.0 mm < max bfyv = 535.1 mm ok
resistance Mc,Rd = Mpl,Rd = (WprIfy) / ymo = 413.04 kNm, Wpi=1163.51 cm?
resistance of flange and web in compression
FefRd = Mc,Rd / (h - tf) = 889.52 kN
refering to haunch flange Fe,f,Rd/cos(av) = 928.69 kN
total loading capacity of a haunched beam in compression
Fev,Rd = Fe,f,rd = 928.69 kN
resistance refering to die connection plane Fe,v,Rd'cos(av) = 889.52 kN

resistance of the upper beam flange (bc 7):

stress due to bending with shear force: Ved = 200.0 kN <351.3 kN = 0.5:Vp,Rd/2 = no effect
resistance Mc,Rd = Mpl,Rd = (Wpi-fy) / ymo = 444.99 kKNm, Wpl = 1253.49 cm?

resistance of flange and web in compression
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Fef,Rd = Mc,Rd/ (h - tf) = 949.80 kN

5.1.4. connection capacity

transformation parameter: Bj=0.58

5.1.4.1. moment resistance

distance of tension-bolt-rows from centre of compression:
h1=522.2 mm, h2=4022 mm, h3 =222.2 mm, hs =82.2 mm

resistances acc. to EC 3-1-8, B.3.2.2(8) for bolt-rows considered individually
decisive basic components: 3, 4, 5, 8

row 1: Fir,rd = 352.7 kN
row 2: Fir,rd = 429.1 kN
row 3: Fir,rd = 429.0 kN
row 4: Fir,rd = 429.0 kN

deductions acc. to EC 3-1-8, B.3.2.2(8) for bolt-rows as part of a group (column)

decisive basic components: 3, 4
group 1

row 2: Fir,rd = 429.1 kN
row 3: Fir,rd = 405.6 kN
group 2

row 2: Fir,rd = 429.1 kN
row 3: Fir,rd = 405.6 kN
row 4: Fir,rd = 378.1 kN

deductions acc. to EC 3-1-8, B.3.2.2(8) for bolt-rows as part of a group (end-plate)

decisive basic components: 5, 8
group 1

row 2: Fir,rd = 429.1 kN
row 3: Fir,rd = 405.6 kN

resistance per bolt-row (tension)

row 1: Fir,rd = 352.7 kN

row 2: Fir,rd = 429.1 kN

row 3: Fir,rd = 405.6 kN

row 4: Fir,rd = 378.1 kN
Ftr,Rd" = 1565.6 kN

deductions acc. to EC 3-1-8, B.3.2.2(7)

decisive basic components: 1, 2, 20

row 1: Fir,rd = 352.7 kN
row 2: Fir,rd = 429.1 kN
row 3: Fir,rd = 107.7 kN
row 4: Ftr,Rd = 0.0 kN

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

decisive basic component: 10

row 1: Fir,rd = 352.7 kN
row 2: Fir,rd = 429.1 kN
row 3: Fir,rd = 107.7 kN

resistance per bolt-row (bending)
row 1: Fir,rd = 352.7 kN
row 2: Fir,rd = 429.1 kN
row 3: Fir,rd = 107.7 kN
row 4: Ftr,Rd = 0.0 kN
ZFtr,Rd = 889.5 kN
potential failure by basic component 4, 5, 20

resistance of flanges (compression)
TF¢,Rd" = 1839.3 kN

moment resistance

Mj Rd = Z(Ftr,Rd-hr) = 380.7 kNm
tension resistance

Njt,Rd = XFtr,Rd" = 1565.6 kN
compression resistance

Nij,c,Rd = ZFc,Rd" = 1839.83 kN
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5.1.4.2. shear/bearing resistance

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

row 1: Fvr,Rd = 434.3 kN
row 2: Fvr,Rd = 434.3 kN
row 3: Fvr,Rd = 434.3 kN
row 4: Fvr,Rd = 434.3 kN

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

row 1: Fvr,Rd =218.7 kN
row 2: Fvr,rd = 172.0 kN
row 3: Fvr,Rd = 368.5 kN
row 4: Fvr,Rd = 434.3 kN

resistance per bolt-row (shear/bearing resistance)
row 1: Fvr,Rd =218.7 kN
row 2: Fvr,rd = 172.0 kN
row 3: Fvr,Rd = 368.5 kN
row 4: Fvr,Rd = 434.3 kN
ZFvr,Rd = 1193.6 kN

shear/bearing resistance
Vj,Rd = ZFvr,Rd = 1193.6 kN

5.1.4.3. shear resistance

shear resistance of end plate

end-plate: Vep,Rd =1708.73 kN

welds: Fw,Rd = 1048.24 kN

shear resistance: Vep,Rd = Fw,Rd = 1048.24 kN

shear resistance of column web

decisive basic component: 1

Vwp,Rd = 664.36 kN

5.1.4.4. total
MjRrd = 380.7 KNmM N;jt,Rd = 1565.6 kN Nj,c,Rd = 1839.3 kN VjRd = 1193.8 KN Vwp,Rd = 664.4 kN Vep,Rd = 1048.2 kN

5.1.5. verifications

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

internal moment. Megd = Md - Nd'zbu = 81.88 kNm, zbu=211.4 mm
shear force: VEd = IVdl = 197.88 kN
shear force: Vb,w,Ed = 156.47 kN

Med/Mjrd =0.215 < 1 ok

shear/bearing resistance at 21.5% utilization of moment resistance Vjrd = 1620.3 kN
Ved/VjRd=0.122 < 1 ok

Vb,w,Ed/Vep,Rd = 0.149 < 1 ok

5.1.5.2. verification of welds at beam section

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

calculation section:

weld1: aw=7.0mm lw =160.0 mm
weld2: aw=7.0mm lw =58.3 mm
weld 3: seeweld 2
weld4: aw=5.0mm lw=416.8 mm
weld 5. seeweld 4
e weld6: aw=7.0mm lw =58.3 mm
weld 7. seeweldB
: weld 8 aw=7.0mm lw = 160.0 mm
1. 60 ],u;l 0/ .1
sz Moz 4

1 ] 0

design values refering to centroid of the section:
NEd = 29.04 kN, My,Ed =-75.74 KNm, VzEd=197.88 kN
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cross-sectional properties refering to centroid of the line cross-section:
TAw = 80.39 cm?, Awz=41.68cm? Zlw=138.7cm

lwy =27301.20 cm#, lw,z=951.99 cm4, Azw =-19.3 mm

distribution of internal forces and moments:

weld 1: Nw=78.16 kN

weld2: Nw=27.15 kN

weld 3: seeweld 2

weld 4:  Nw=7.86 kN Myw = -8.37 kNm
weld 5. seeweld 4

weld 6: Nw=-24.08 kN

weld 7. seeweldB

weld 8 Nw=-71.00 kN

from conventionel distribution of shear force: Vzw = 197.88 kN
verifications in weld edges:

weld1, pt.0: owx=69.78 N'mm? = Uw=0277 < 1 ok

weld 2, pt. 0:  owx=66.59 N/mm?2 = Uw=0265 < 1 ok

weld 4, pt.0: owx=61.60 N/mm?2 w,z = 47.47 N/mm?2 = Uy=0309 < 1 ok
pt. 1.  owx=-54.05 N/mm2 w,z = 47.47 N/mm?2 = Uy=0286 < 1 ok

weld 8, pt.0: owx=-59.04 N/'mm? = Uy=0235 < 1 ok

weld 8, pt.0:  owx=-63.39 N/mm? = Uw=0252 < 1 ok

Result:

weld 4, pt.0:  owx=61.60 N/mm? tw,z = 47.47 N/mm?

Max: Fw,ed = 388.83 kN/m < Fw,Rd=1257.34 kN/m = Uw=0.309 < 1 ok

verification of deflection forces (bc 19, simplified method)
compression flange: FRd = Fw,Rd = 486.7 kN, Fed=144.10 kN
FEd=1441kN < FRd=486.7 kN = Uwf=0.296 < 1 ok

5.1.5.3. verification result

maximum utilization: max U =0.309 < 1 ok

5.1.6. rotational stiffness

stiffness coefficients
equivalent stiffness coefficient for 4 tension-bolt-rows:
1: k3 =8.90 mm, ka4 =2521mm, ks =9.66 mm = keff,1 =1/ Z(1/ki,1) =3.914 mm

2: ks =890 mm, ka=25.21 mm,
3: ks =8.90 mm, ka=25.21 mm,
4: k3 =8.90 mm, ka=25.21 mm,

ks =19.18 mm = keti,2 =1/ Z(1/ki2) = 4.899 mm
ks =18.21 mm = keii,3 =1/ Z(1/ki,3) = 4.833 mm
ks =18.61 mm = Keii,4 =1/ Z(1/ki4) =4.861 mm

equivalent internal lever arm zeq = Z(keff,rrhr?) / Z(Kkeff,r-hr) = 388.36 mm
aquivalenter stiffness coefficient keq = Z(Keff,r-hr) / Zeq = 14.130 mm

k2 = o (stiffened)

rotational stiffness

initial rotational stiffness: Sjini = (E-z2) / =(1/ki) = 447529.3 kNm/rad, z = Zeq = 388.4 mm, =(1/ki) = 0.071 mm-1

IMj,Edl =81.88 kNm < 2/3 MjRd =253.79 kNm = p=1
rotational stiffness: Sj,Rd = Sj,ini / p = 447529.3 kNm/rad
rotation: ¢j,Ed = Mj,Ed / Sj,Rd = 0.010°

5.2. connection left

5.2.1. design values

internal forces at noperiphery connectionl zur connection plane

partial internal forces and moments

Neal M Neal M
N] 2 c2 m c2
N
V]c? 1|V|].:2 — |VVT —| — IVV:" —| — —l Bt ———p
ij /q b2 b2 Via Vch i —"th
/‘ \ Nozf/ o, \5’ Naz_ l 1‘_ N l|
Mi o \I/ Mo Mo hy, Mak G| & ey e, Vo.w a
Jb2 Vib er o Npc= "
S S o 3 .
MJC%/ Vie uuz‘é:J Ve L iy rua“lzl Ve L::/"’-v L\i‘-r fd—Ni:‘c
Nie e es\ L Me '
IN¢ NE ©1 €4
slope angle: ab =0.00° ov=16.70° = o= (abt+ow)/2 = 8.35°
ab2 = 0.00° av2 =16.70° = a2 = (ab2+av2)/2 = 8.35°
distance: e1=120.0mm, e3=2344mm, e2=216.8 mm, e5=120.0 mm, e7 =234.4 mm, es = 466.4 mm

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

Nd =-29.04 kN, Md =75.74 kNm, Vq=197.88 kN

periphery beam (left)

Nd2 = -29.04 kN, Md2 = 75.74 kNm, Va2 = 197.88 kN

periphery column (below)
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Ne = 500.00 kN
periphery column (top)
Ne2 = 100.00 kN

partial internal forces and moments

internal forces and moments in the periphery end-plate-beam: M'd = Md + Nd-tptan(a) - Vdtp = 71.70 kNm
Nb,t = -Nd-zbu/zb + M'd/zb = 167.07 kN, zb =466.4 mm, zbu =214.3 mm

Nb,c = (Nd'Zbo/Zb + M'd/zb) / cos(aw) = 144.10 kN, zb = 466.4 mm, zZbo =252.1 mm

Vb,t = -Np,t-sin(ab) = 0.00 kN, Vb,c = Nb,csin(ow) =41.41 kN, Vbw = Vd - Vbt - Vb,c = 156.47 kN

5.2.2. resistance of cross-section in the periphery

c/t-utilization reg. section class 2
flange below: section class 1, utilization Uet = 0.457
web: section class 1, utilization Uet = 0.683
total: section class 1, c/t-utilization Uet =0.683 < 1 ok
plastic verification for Ned = 29.04 kN, My,ed =-71.70 kNm, VzEd = 197.88 kN
section class of the section 1 <2 ok
shear buckling: hp/tp =60.38 > 72:¢/n = 48.82 = particular verification is required !!
Der cross-section ist plastic not acc. toweisbar !!
elastic verification for N =29.04 kN, My =-71.70 kNm, Vz = 197.88 kN
verification: oy = 108.81 N/mm?2 < ov,Rd = 355.00 N/mm?2 = Us=0.306 < 1 ok
c/t-ratio: outstand flange: utilization Uct =0.145 < 1 ok

internal compression parts: utilization Ugt=0.215 < 1 ok

5.2.3. basic components

5.2.3.1. bc 1: Column web panel in shear

transformation parameter (EC 3-1-8, 7.2.3(4)) Bj = 11 - Mj2/Mj1-z1/z21 =0.58 < 2
for Mj1 = 100.00 kNm, Mj2 =100.00 kNm, z1=372.2 mm, z2=234.8 mm
) w

— _ Only the essential sizes are sketched to scale.
=Wp ——7 The connection geometry is only hinted.
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slenderness of column web hwe/twe =20.60 < 72:¢/n =48.82 = method applicable

plastic shear resistance without web stiffeners Vwp,Rd = (0.9-fy,w-Awp) / (312-ym0) = 442.71 kN
Beitrag of column flange:

additional resistance Vwp,add,Rd = 4-Mpl,fc,Rd/zZwp = 110.8 kN, zwp = hr =222.2 mm

plastic shear resistance plus Beitrag of column flange Vwp,Rd = 553.5 kN

placing of intermediate web stiffeners:

additional resistance Vwp,add,Rd = 4-Mpl,fc,Rd/hr+2-Mpl,st,Rd)/hr = 110.83 kN

plastic shear resistance with transverse stiffeners Vwp,Rd = 664.36 kN
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5.2.3.2. bc 2: column web in transverse compression

transformation parameter (EC 3-1-8, 7.2.3(4)) Bj = 11 - Mj2/Mj1-z1/z21 =0.58 < 2
for Mj1 = 100.00 kNm, Mj2 =100.00 kNm, z1=372.2 mm, z2=234.8 mm
longitudinal compressive stress in column web ccom,Ed = 47.18 N/mm?

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

466°

0 3 &
e
| 164|117
| (A
effective width of web in transverse compression beff,c = tib + 5:(tfc+Sc) + Sp = 245.7 mm
reduction factor kw = 1.0 for 6com,Ed = 47.2 N'mm? < 0.7-fy,w = 248.5 N/mm?
plate slenderness ip = 0.932:[(beff,c-dw-fy) / (E-tw?)]72 = 0.769
reduction factor for web buckling p = (1p-0.22) / 2p2 = 0.928 for ip > 0.673
reduction factor for interaction with shear stress 0.5<p <1 = » =0.941
resistance of an unstiffened web in transverse compression:

Few,Rd = @ - (kwbeff,ctw-fyw) / ymo = 820.39 kN

Few,Rd = @ « (kw'pbeff,ctw fy,w) / ym1 = 692.31 kN (decisive)
reinforcement of web with intermediate transverse stiffeners:
assumption: stiffeners do not buckle: section class 1, section class 1<3 ok
minimum demands of the moment of inertia of stiffeners:

length of buckling field (distance of stiffeners) a = 466.4 mm

web height between the flanges hwe = 206.0 mm

moment of inertia of stiffeners lst = 1157.63 cm*

minimum moment of inertia for a/hwe = 2.26 > 21/2: |st,min = 15.45 cm# < lst ok
requirement concerning stiffeners to aviod lateral torsional buckling:

torsional moment of inertia of stiffeners It = 11.25 cm*

polar moment of inertia of stiffeners Ip = 127.81 cm?

It/ lp ~0.088 > 0.009 = 5.3-fy,st/Est 0k
resistance of the stiffened webs with transverse compression:

area of stiffeners incl. web Ast = 31.50 cm?

slenderness % = 0.044

. <0.2 = no deduction (3 =1.0)

design value of resistance of flexural buckling Fe,w,rd = 1016.6 kN
maximum resistance:

FewRd = 1016.6 kN (resistance with transverse stiffeners)

resistance of the upper beam flange:
effective width of web in transverse compression beff,c = ttb + 2:212-ap + 5-(tic+sc) + sp = 261.3 mm
reduction factor kw = 1.0 for 6com,Ed = 47.2 N'mm? < 0.7-fy,w = 248.5 N/mm?
plate slenderness ip = 0.932:[(beff,c-dw-fy) / (E-tw?)]7/2 = 0.793
reduction factor for web buckling p = (Ap-0.22) / 3p2 = 0.911 for Ap > 0.673
reduction factor for interaction with shear stress 0.5<p <1 = ®» =0.937
resistance of an unstiffened web in transverse compression:

Few,Rd = @ - (kwbeff,ctw-fyw) / ymo = 868.94 kN

Few,Rd = @ « (kw'pbeff,ctw fy,w) / ym1 = 719.65 kN (decisive)
reinforcement of web with intermediate transverse stiffeners:
assumption: stiffeners do not buckle: section class 1, section class 1<3 ok
minimum demands of the moment of inertia of stiffeners:

length of buckling field (distance of stiffeners) a = 466.4 mm

web height between the flanges hwe = 206.0 mm

moment of inertia of stiffeners lst = 1157.63 cm*

minimum moment of inertia for a/hwe = 2.26 > 21/2: |st,min = 15.45 cm# < lst ok
requirement concerning stiffeners to aviod lateral torsional buckling:

torsional moment of inertia of stiffeners It = 11.25 cm*

polar moment of inertia of stiffeners Ip = 127.81 cm?

It/ lp ~0.088 > 0.009 = 5.3-fy,st/Est 0k
resistance of the stiffened webs with transverse compression:

area of stiffeners incl. web Ast = 31.50 cm?

slenderness % = 0.044

. <0.2 = no deduction (3 =1.0)

design value of resistance of flexural buckling Fe,w,rd = 1016.6 kN
maximum resistance:
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FewRd = 1016.6 kKN (resistance with transverse stiffeners)

5.2.3.3. be 4: column flange in bending

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

; E
[ raglht 8
Fics =4_1::::M24 4
: 1 o
I -]
Yo A -
@ v 4
| i =
i <
dfmMze —
A !
vy
47
21} 120

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

row 1
effective length of the T-stub flange (column flange):
in mode 1: Zleff,1 = leff,1 = min(leff,nc, leff,cp) = 208.6 mm, leff,cp = 208.6 mm
in mode 2: Zleff,2 = leff,2 = leff,nc = 224.7 mm
tension resistance of the T-stub flange:
in mode 1: Mpi,1,Rd = (0.25-Zleff,1-t2-fy) / ymo = 5.35 KNm
in mode 2: Mpi,2,Rd = (0.25-Zleff,21i2-fy) / ymo = 5.76 KNm
Ft,Rd = (ka-fub-As) / ym2 = 253.80 kN, k2 =0.90
in mode 3: ZFt,Rd = 2:nb-Ft,Rd = 507.60 kN
mode 1: complete yielding of the T-stub flange
FT,1,Rd = ((8:n-2-ew)-Mpl,1,Rd) / (2:m-n-ew-(m+n)) = 857.65 kN
mode 2: bolt failure simultaneously with yielding of the T-stub flange
FT,2,Rd = (2-Mpl,2,Rd + N-ZFt,Rd) / (M+n) = 436.33 kN
mode 3: bolt failure
FT,3,Rd = ZFt,Rd = 507.60 kN
tension resistance of the T-stub flange: F1,Rd = min(FT,1,Rd, FT,2,Rd, FT,3,Rd) = 436.33 kN
row 2
effective length of the T-stub flange (column flange):
in mode 1: Zleff,1 = leff,1 = min(leff,nc, leff,cp) = 208.6 mm, leff,cp = 208.6 mm
in mode 2: Zleff,2 = leff,2 = leff,nc =214.2 mm
tension resistance of the T-stub flange:
in mode 1: Mpi,1,Rd = (0.25-Zleff,1-t2-fy) / ymo = 5.35 KNm
in mode 2: Mpi,2,Rd = (0.25-Zleff,21i2-fy) / ymo = 5.49 KNm
Ft,Rd = (ka-fub-As) / ym2 = 253.80 kN, k2 =0.90
in mode 3: ZFt,Rd = 2:nb-Ft,Rd = 507.60 kN
mode 1: complete yielding of the T-stub flange
FT,1,Rd = ((8:n-2-ew)-Mpl,1,Rd) / (2:m-n-ew-(m+n)) = 857.65 kN
mode 2: bolt failure simultaneously with yielding of the T-stub flange
FT,2,Rd = (2-Mpl,2,Rd + N-ZFt,Rd) / (M+n) = 429.12 kN
mode 3: bolt failure
FT,3,Rd = ZFt,Rd = 507.60 kN
tension resistance of the T-stub flange: F1,Rd = min(FT,1,Rd, FT,2,Rd, FT,3,Rd) = 429.12 kN
row 3
effective length of the T-stub flange (column flange):
in mode 1: Zleff,1 = leff,1 = min(leff,nc, leff,cp) = 208.6 mm, leff,cp = 208.6 mm
in mode 2: Zleff,2 = leff,2 = leff,nc =214.1 mm
tension resistance of the T-stub flange:
in mode 1: Mpi,1,Rd = (0.25-Zleff,1-t2-fy) / ymo = 5.35 KNm
in mode 2: Mpi,2,Rd = (0.25-Zleff,21i2-fy) / ymo = 5.49 KNm
Ft,Rd = (ka-fub-As) / ym2 = 253.80 kN, k2 =0.90
in mode 3: ZFt,Rd = 2:nb-Ft,Rd = 507.60 kN
mode 1: complete yielding of the T-stub flange
FT,1,Rd = ((8:n-2-ew)-Mpl,1,Rd) / (2:m-n-ew-(m+n)) = 857.65 kN
mode 2: bolt failure simultaneously with yielding of the T-stub flange
FT,2,Rd = (2-Mpl,2,Rd + N-ZFt,Rd) / (M+n) = 428.99 kN
mode 3: bolt failure
FT,3,Rd = ZFt,Rd = 507.60 kN
tension resistance of the T-stub flange: F1,Rd = min(FT,1,Rd, FT,2,Rd, FT,3,Rd) = 428.99 kN
row 4
effective length of the T-stub flange (column flange):
in mode 1: Zleff,1 = leff,1 = min(leff,nc, leff,cp) = 208.6 mm, leff,cp = 208.6 mm
in mode 2: Zleff,2 = leff,2 = leff,nc =214.1 mm
tension resistance of the T-stub flange:
in mode 1: Mpi,1,Rd = (0.25-Zleff,1-t2-fy) / ymo = 5.35 KNm
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in mode 2: Mpi,2,Rd = (0.25-Zleff,21i2-fy) / ymo = 5.49 KNm
Ft,Rd = (ka-fub-As) / ym2 = 253.80 kN, k2 =0.90
in mode 3: ZFt,Rd = 2:nb-Ft,Rd = 507.60 kN
mode 1: complete yielding of the T-stub flange
FT,1,Rd = ((8:n-2-ew)-Mpl,1,Rd) / (2:m-n-ew-(m+n)) = 857.65 kN
mode 2: bolt failure simultaneously with yielding of the T-stub flange
FT,2,Rd = (2-Mpl,2,Rd + N-ZFt,Rd) / (M+n) = 428.99 kN
mode 3: bolt failure
FT,3,Rd = ZFt,Rd = 507.60 kN
tension resistance of the T-stub flange: F1,Rd = min(FT,1,Rd, FT,2,Rd, FT,3,Rd) = 428.99 kN
resistances and effective lengths of column flange in bending (per bolt-row)
Ftfc,Rd,1 = 436.33 kN, lefi,1 = 208.6 mm
Ftfc,Rd,2 = 429.12 kN, lefi,2 = 208.6 mm
Ftfc,Rd,3 = 428.99 kN, lefi,3 = 208.6 mm
Ftfc,Rd,4 = 428.99 kN, leff,4 = 208.6 mm

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

here: number of bolt-rows nb = 2 (between stiffeners)
effective length of the T-stub flange (column flange):
in mode 1: Zleff,1 = min(Zleff,nc, Zleff,cp) = 394.2 mm, Zleft,cp = 568.6 mm
in mode 2: Zleff,2 = Zleff,nc = 394.2 mm
tension resistance of the T-stub flange:
in mode 1+2: Mpi,Rd = (0.25 Zlefit2-fy) / ymo = 10.11 KNm
Ft,Rd = (ka-fub-As) / ym2 = 253.80 kN, k2 =0.90
in mode 3: XFtRd = 2:nb-Ft,Rd = 1015.20 kN
mode 1: complete yielding of the T-stub flange
FT,1,Rd = ((8:n-2-ew)-Mpl,1,Rd) / (2:m-n-ew-(m+n)) = 1620.88 kN
mode 2: bolt failure simultaneously with yielding of the T-stub flange
FT,2,Rd = (2-Mpl,2,Rd + N-ZFt,Rd) / (M+n) = 834.73 kN
mode 3: bolt failure
F1,3,Rd = ZFt,rd = 1015.20 kN
tension resistance of the T-stub flange: F1,Rd = min(FT,1,Rd, FT,2,Rd, FT,3,Rd) = 834.73 kN
equivalent T-stub flange (group of bolts 2):

here: number of bolt-rows nb = 3 (between stiffeners)
effective length of the T-stub flange (column flange):
in mode 1: Zleff,1 = min(Zleff,nc, Zleff,cp) = 534.2 mm, Zleft,cp = 848.6 mm
in mode 2: Zleff,2 = Zleff,nc = 534.2 mm
tension resistance of the T-stub flange:
in mode 1+2: Mpi,Rd = (0.25 Zlefi12-fy) / ymo = 18.70 kNm
Ft,Rd = (ka-fub-As) / ym2 = 253.80 kN, k2 =0.90
in mode 3: XFt,Rd = 2:nb-Ft,Rd = 1522.80 kN
mode 1: complete yielding of the T-stub flange
FT,1,Rd = ((8:n-2-ew)-Mpl,1,Rd) / (2:m-n-ew-(m+n)) = 2196.48 kN
mode 2: bolt failure simultaneously with yielding of the T-stub flange
FT,2,Rd = (2-Mpl,2,Rd + N-ZFt,Rd) / (M+n) = 1212.87 kN
mode 3: bolt failure
F1,3,Rd = ZFt,Rd = 1522.80 kN
tension resistance of the T-stub flange: F1,Rd = min(FT,1,Rd, FT,2,Rd, FT,3,Rd) = 1212.87 kN
resistances and effective lengths of column flange in bending (per bolt group):
Fep,Rd,2-3 = 834.73 kN, Zleff = 394.2 mm, 2 rows
Fep,Rd,2-4 = 1212.87 kN, Zleff = 534.2 mm, 3 rows

5.2.3.4. bc 3: column web in transverse tension

transformation parameter (EC 3-1-8, 7.2.3(4)) Bj = 11 - Mj2/Mj1-z1/z21 =0.58 < 2
for Mj1 = 100.00 kNm, Mj2 =100.00 kNm, z1=372.2 mm, z2=234.8 mm

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

Ft ___________________________________________

AN T T _—_— = = = ——_—_

.15

21"
o 164 A 17
each individual bolt-row:
row 1

reduction factor for interaction with shear stress 0.5 <pf <1 = o =0.951
resistance eines unstiffeneden column webs with transverse tension
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Ftwe,Rd = ® - (befft,wetwefy,we) / ymo = 704.13 kN, beft,t,we = 208.6 mm
row 2
reduction factor for interaction with shear stress 0.5 <pf <1 = o =0.951
resistance eines unstiffeneden column webs with transverse tension
Ftwe,Rd = ® - (befft,wetwefy,we) / ymo = 704.13 kN, beft,t,we = 208.6 mm
row 3
reduction factor for interaction with shear stress 0.5 <pf <1 = o =0.951
resistance eines unstiffeneden column webs with transverse tension
Ftwe,Rd = ® - (befft,wetwefy,we) / ymo = 704.13 kN, beft,t,we = 208.6 mm
row 4
reduction factor for interaction with shear stress 0.5 <pf <1 = o =0.951
resistance eines unstiffeneden column webs with transverse tension
Ftwe,Rd = ® - (befft,wetwefy,we) / ymo = 704.13 kN, beft,t,we = 208.6 mm
resistance of a column web with transverse tension (per bolt-row)
Ftwe,Rd,1 = 704.13 kN, beft,twe = 208.6 mm (s. bc 4)
Ftwe,Rd,2 = 704.13 kN, beff,twe = 208.6 mm (s. bc 4)
Ftwe,Rd,3 = 704.13 kN, beft,twe = 208.6 mm (s. bc 4)
Ftwe,Rd,4 = 704.13 kN, beft,twe = 208.6 mm (s. bc 4)

group of bolt-rows, group 1:
reduction factor for interaction with shear stress 0.5<p<1 = ©=0.910
resistance eines unstiffeneden column webs with transverse tension
Ftwe,Rd = ® - (beftt,wetwefy,we) / ymo = 1273.89 kN, beft,t,we = 394.2 mm

group of bolt-rows, group 2:
reduction factor for interaction with shear stress 0.5<p <1 = © =0.893
resistance eines unstiffeneden column webs with transverse tension
Ftwe,Rd = @ - (beff,t,wetwe fy,we) / yMo = 1692.66 kN, beff,twe = 534.2 mm
resistances of a column web with transverse tension (per bolt group):
Ftwe,Rd,2-3 = 1273.89 kN, Zbefft,wec =394.2 mm (s. bc 4), 2 rows
Ftwe,Rd,2-4 = 1692.66 kN, Zbefft,wec = 534.2 mm (s. bc 4), 3 rows

5.2.3.5. bc 5: end-plate in bending

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

1 7~|20

|
extended part of end-plate

in the extended part of the end-plate only one bolt-row is considered (np = 1).
effective length of the T-stub flange (end-plate):
in mode 1: Zleff,1 = leff,1 = min(leff,nc, leff,cp) = 100.0 mm, leff,cp = 222.2 mm
in mode 2: Zleff,2 = leff,2 = leff,nc = 100.0 mm
tension resistance of the T-stub flange:
in mode 1+2: Mpi,Rd = (0.25 Zlefr-ti2-fy) / ymo = 3.55 kNm
Ft,Rd = (ka-fub-As) / ym2 = 253.80 kN, k2 =0.90
in mode 3: ZFt,Rd = 2:nb-Ft,Rd = 507.60 kN
mode 1: complete yielding of the T-stub flange
FT,1,Rd = ((8:n-2-ew)-Mpl,1,Rd) / (2:m-n-ew-(m+n)) = 419.98 kN
mode 2: bolt failure simultaneously with yielding of the T-stub flange
FT,2,Rd = (2-Mpl,2,Rd + N-ZFt,Rd) / (M+n) = 352.74 kN
mode 3: bolt failure
FT,3,Rd = ZFt,Rd = 507.60 kN
tension resistance of the T-stub flange: F1,Rd = min(FT,1,Rd, FT,2,Rd, FT,3,Rd) = 352.74 kN
resistance and effective length of end-plate in bending (projection)
Ftep,Rd,1 = 352.74 kN, leff,1 = 100.0 mm
part of end-plate between beam flanges

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

row 2
effective length of the T-stub flange (end-plate):
in mode 1: Zleff,1 = leff,1 = min(leff,nc, leff,cp) = 252.5 mm, leff,cp = 286.5 mm
in mode 2: Zleff,2 = leff,2 = leff,nc = 252.5 mm
tension resistance of the T-stub flange:
in mode 1+2: Mpi,Rd = (0.25 Zlefr-ti2-fy) / ymo = 8.96 kNm
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Ft,Rd = (ka-fub-As) / ym2 = 253.80 kN, k2 =0.90
in mode 3: ZFt,Rd = 2:nb-Ft,Rd = 507.60 kN
mode 1: complete yielding of the T-stub flange
FT,1,Rd = ((8:n-2-ew)-Mpl,1,Rd) / (2:m-n-ew-(m+n)) = 975.17 kN
mode 2: bolt failure simultaneously with yielding of the T-stub flange
FT,2,Rd = (2-Mpl,2,Rd + N-ZFt,Rd) / (M+n) = 450.03 kN
mode 3: bolt failure
FT,3,Rd = ZFt,Rd = 507.60 kN
tension resistance of the T-stub flange: F1,Rd = min(FT,1,Rd, FT,2,Rd, FT,3,Rd) = 450.03 kN
row 3
effective length of the T-stub flange (end-plate):
in mode 1: Zleff,1 = leff,1 = min(leff,nc, leff,cp) = 239.7 mm, leff,cp = 286.5 mm
in mode 2: Zleff,2 = leff,2 = leff,nc = 239.7 mm
tension resistance of the T-stub flange:
in mode 1+2: Mpi,Rd = (0.25 Zlefr-ti2-fy) / ymo = 8.51 kNm
Ft,Rd = (ka-fub-As) / ym2 = 253.80 kN, k2 =0.90
in mode 3: ZFt,Rd = 2:nb-Ft,Rd = 507.60 kN
mode 1: complete yielding of the T-stub flange
FT,1,Rd = ((8:n-2-ew)-Mpl,1,Rd) / (2:m-n-ew-(m+n)) = 925.60 kN
mode 2: bolt failure simultaneously with yielding of the T-stub flange
FT,2,Rd = (2-Mpl,2,Rd + N-ZFt,Rd) / (M+n) = 439.97 kN
mode 3: bolt failure
FT,3,Rd = ZFt,Rd = 507.60 kN
tension resistance of the T-stub flange: F1,Rd = min(FT,1,Rd, FT,2,Rd, FT,3,Rd) = 439.97 kN
row 4
effective length of the T-stub flange (end-plate):
in mode 1: Zleff,1 = leff,1 = min(leff,nc, leff,cp) = 245.0 mm, leff,cp = 286.5 mm
in mode 2: Zleff,2 = leff,2 = leff,nc = 245.0 mm
tension resistance of the T-stub flange:
in mode 1+2: Mpi,Rd = (0.25 Zlefr-t2-fy) / ymo = 8.70 kNm
Ft,Rd = (ka-fub-As) / ym2 = 253.80 kN, k2 =0.90
in mode 3: ZFt,Rd = 2:nb-Ft,Rd = 507.60 kN
mode 1: complete yielding of the T-stub flange
FT,1,Rd = ((8:n-2-ew)-Mpl,1,Rd) / (2:m-n-ew-(m+n)) = 946.03 kN
mode 2: bolt failure simultaneously with yielding of the T-stub flange
FT.2,Rd = (2-Mpl,2,Rd + N-ZFt,Rd) / (M+n) = 444.11 kN
mode 3: bolt failure
FT,3,Rd = ZFt,Rd = 507.60 kN
tension resistance of the T-stub flange: F1,Rd = min(FT,1,Rd, FT,2,Rd, FT,3,Rd) = 444.11 kN
resistances and effective lengths of end-plate in bending (per bolt-row):
Fep,Rd,2 = 450.083 kN, leff,2 = 252.5 mm
Fep,Rd,3 = 439.97 kN, leff,3 = 239.7 mm
Fep,Rd,4 = 444.11 kN, leff,4 = 245.0 mm

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

here: number of bolt-rows np = 2 (R2+R3)
effective length of the T-stub flange (end-plate):
in mode 1: Zleff,1 = min(Zleff,nc, Zleff,cp) = 433.5 mm, Zleft,cp = 646.5 mm
in mode 2: Zleff,2 = Zleff,nc = 433.5 mm
tension resistance of the T-stub flange:
in mode 1+2: Mpl,Rd = (0.25 Zlefit12-fy) / ymo = 15.39 kKNm
Ft,Rd = (ka-fub-As) / ym2 = 253.80 kN, k2 =0.90
in mode 3: XFtRd = 2:nb-Ft,Rd = 1015.20 kN
mode 1: complete yielding of the T-stub flange
FT,1,Rd = ((8:n-2-ew)-Mpl,1,Rd) / (2:m-n-ew-(m+n)) = 1674.36 kN
mode 2: bolt failure simultaneously with yielding of the T-stub flange
FT,2,Rd = (2-Mpl,2,Rd + N-ZFt,Rd) / (M+n) = 844.05 kN
mode 3: bolt failure
F1,3,Rd = ZFt,rd = 1015.20 kN
tension resistance of the T-stub flange: F1,Rd = min(FT,1,Rd, FT,2,Rd, FT,3,Rd) = 844.05 kN
resistances and effective lengths of end-plate in bending (per bolt group):
Fep,Rd,2-3 = 844.05 kN, Zleff = 433.5 mm, 2 rows
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5.2.3.6. bc 8: beam web in tension

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

g NN 3 P L

each individual bolt-row:
row 2
effective width beft,t,wb = 252.5 mm (letf from bc 5)
resistance of a beam web in tension
Ft,wb,Rd = beff,t,wb-twb-fy,wb / yM0 = 672.28 kN
row 3
effective width beft,t,wb = 239.7 mm (letf from bc 5)
resistance of a beam web in tension
Ft,wb,Rd = beff,t,wb-twb-fy,wb / ymo = 638.10 kN
row 4
effective width beft,t,wb = 245.0 mm (letf from bc 5)
resistance of a beam web in tension
Ft,wb,Rd = beff,t,wb-twb-fy,wb / Ym0 = 652.18 kN
resistance of a beam web in tension (per bolt-row)
Ftwb,Rd,2 = 672.28 kN, befftwb =252.5 mm (s. bc 5)
Ft,wb,Rd,3 = 638.10 kN, befftwb =239.7 mm (s. bc 5)
Ft,wb,Rd,4 = 652.18 kN, befftwb =245.0 mm (s. bc 5)

group of bolt-rows, group 1:
effective width beft,t,wb = 433.5 mm (letf from bc 5)
resistance of a beam web in tension
Ft,wb,Rd = Deff,t,wb-twb-fy,wb / yM0 = 1154.29 kN
resistances of a beam web in tension (per bolt group):
Ftwb,Rd,2-3 = 1154.29 kN, Zbefftwb = 433.5 mm (s.bc 5), 2 rows

5.2.3.7. bc 10: bolts in tension
Only the essential sizes are sketched to scale.
A The connection geometry is only hinted.

M24

(10

S,

il

Ft

tension resistance of one bolt Ft,Rd = (k2-fub-As) / ym2 = 253.80 kN, k2 = 0.90
punching shear load capicity of a bolt Bp,Rd = (0.6-n-dmtp-fu)) / ym2 = 541.39 kN, tp =17.0 mm
tension-/punching shear load capicity for 2 bolts: ZFtp,Rd = 2:min(Ft,Rd, Bp,Rd) = 507.60 kN
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5.2.3.8. bc 11: bolts in shear

Only the essential sizes are sketched to scale.
M24 The connection geometry is only hinted.

Fv L, >

shear resistance Fy,Rd = owv-fub-A/ ym2 =217.15 kN, av =0.60
shear resistance of 2 bolts (1-shear): ZFy,Rd = 2-Fv,Rd = 434.29 kN

5.2.3.9. bc 12: plate with bearing resistance

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

~ 2
Fb/ 24”) |
g

o
Fb/2

|

=t

120
row 1
end-plate:

bolt 1: bearing resistance Fo,Rd = (km-ob-fu-d-t) / ym2 = 361.85 kN, km =1.00, ab=1.92
bolt 2: bearing resistance Fo,Rd = (km-ob-fu-d-t) / ym2 = 361.85 kN, km =1.00, ab=1.92
bearing resistance of 1x2 bolts: ZFb,Rd = 723.69 kN

shear block of groups of bolts
shearversagen in Kombination in tensionversagen of plate

failure type 1:
tension-shear resistance Veft,rd = (Ant-fu + min(Agv-fy, Anv-fu)/3172) / ym2 = 822.53 kN
failure type 2:
tension-shear resistance Veft,rd = (Ant-fu + min(Agv-fy, Anv-fu)/312) / ym2 = 665.73 kN
failure type 3:
tension-shear resistance Veft,Rd = (0.5-Ant-fu + min(Agv-fy, Anv-fu)/31/2) / ym2 = 567.73 kN
failure type 4:
tension resistance (without shearanteil) Veff,Rd = (Ant-fu) / ym2 = 1160.32 kN
resistance due to shear block: min Veif,Rd = 567.7 kN
total
bearing resistance incl. shear block: min(ZFb,Rd, min Veft,Rd) = 567.7 kN
column flange:
bolt 1: bearing resistance Fo,Rd = (km-ab-fu-d-t) / ym2 = 479.81 kN, km =1.00, ab =3.00
bolt 2: bearing resistance Fo,Rd = (km-ob-fu-d-t) / ym2 = 479.81 kN, km =1.00, ab =3.00
bearing resistance of 1x2 bolts: ZFb,Rd = 852.99 kN

row 2
end-plate:
bolt 1: bearing resistance Fo,Rd = (km-ob-fu-d-t) / ym2 = 564.48 kN, km =1.00, ab =3.00
bolt 2: bearing resistance Fo,Rd = (km-ob-fu-d-t) / ym2 = 564.48 kN, km =1.00, ab =3.00
bearing resistance of 1x2 bolts: ZFp,Rrd = 1003.52 kN
column flange:
bolt 1: bearing resistance Fo,Rd = (km-ab-fu-d-t) / ym2 = 479.81 kN, km =1.00, ab =3.00
bolt 2: bearing resistance Fo,Rd = (km-ob-fu-d-t) / ym2 = 479.81 kN, km =1.00, ab =3.00
bearing resistance of 1x2 bolts: ZFb,Rd = 852.99 kN

row 3
end-plate:
bolt 1: bearing resistance Fo,Rd = (km-ob-fu-d-t) / ym2 = 564.48 kN, km =1.00, ab =3.00
bolt 2: bearing resistance Fo,Rd = (km-ob-fu-d-t) / ym2 = 564.48 kN, km =1.00, ab =3.00
bearing resistance of 1x2 bolts: ZFp,Rrd = 1003.52 kN
column flange:
bolt 1: bearing resistance Fo,Rd = (km-ab-fu-d-t) / ym2 = 479.81 kN, km =1.00, ab =3.00
bolt 2: bearing resistance Fo,Rd = (km-ob-fu-d-t) / ym2 = 479.81 kN, km =1.00, ab =3.00
bearing resistance of 1x2 bolts: ZFb,Rd = 852.99 kN
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row 4
end-plate:
bolt 1: bearing resistance Fo,Rd = (km-ob-fu-d-t) / ym2 = 564.48 kN, km =1.00, ab =3.00
bolt 2: bearing resistance Fo,Rd = (km-ob-fu-d-t) / ym2 = 564.48 kN, km =1.00, ab =3.00
bearing resistance of 1x2 bolts: ZFp,Rrd = 1003.52 kN
column flange:
bolt 1: bearing resistance Fo,Rd = (km-ab-fu-d-t) / ym2 = 479.81 kN, km =1.00, ab =3.00
bolt 2: bearing resistance Fo,Rd = (km-ob-fu-d-t) / ym2 = 479.81 kN, km =1.00, ab =3.00
bearing resistance of 1x2 bolts: ZFb,Rd = 852.99 kN

bearing resistance (4 rows)
EFb,Rd,1 =567.73 kN
2Fb,Rd,2 = 852.99 kN
2Fb,Rd,3 = 852.99 kN
EFb,Rd,4 = 852.99 kN

5.2.3.10. bc 19: weld

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

Tw = 138.2 mm

calculation with the simplified method

beam flange in compression

resistance of a weld: Fw,Rd = fvw,d-a = 1760.28 kN/m, fvw,d =251.5 N/mm2, a=7.0 mm
total Fw,Rd = 486.7 kN

5.2.3.11. be 20: haunched beam in compression

flange below: section class 1

web: section class 1

total: section class 1

section class of the beam in connection plane: 1

taking into account the moment-shear force-interaction Ved = 200.0 kN

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

oI A AR

14 0 |
.......... T e

500

assumption: haunch flange no hazard of buckling: 1 <3 ok
connection haunch-column: (basic component 7: beam flange and web in compression)
beam height incl. haunch h = hp+hy = 480.0 mm
resistance only flange (without web, plastic: section class 1)
haunch flange width bfy = 160.0 mm < max bfyv = 535.1 mm ok
resistance Mc,Rd = Mpl,Rd = (WprIfy) / ymo = 413.04 kNm, Wpi=1163.51 cm?
resistance of flange and web in compression
FefRd = Mc,Rd / (h - tf) = 889.52 kN
refering to haunch flange Fe,f,Rd/cos(av) = 928.69 kN
total loading capacity of a haunched beam in compression
Fev,Rd = Fe,f,rd = 928.69 kN
resistance refering to die connection plane Fe,v,Rd'cos(av) = 889.52 kN

resistance of the upper beam flange (bc 7):

stress due to bending with shear force: Ved = 200.0 kN <351.3 kN = 0.5:Vp,Rd/2 = no effect
resistance Mc,Rd = Mpl,Rd = (Wpi-fy) / ymo = 444.99 kKNm, Wpl = 1253.49 cm?

resistance of flange and web in compression
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Fef,Rd = Mc,Rd/ (h - tf) = 949.80 kN

5.2.4. connection capacity

transformation parameter: Bj=0.58

5.2.4.1. moment resistance

distance of tension-bolt-rows from centre of compression:
h1=522.2 mm, h2=4022 mm, h3 =222.2 mm, hs =82.2 mm

resistances acc. to EC 3-1-8, B.3.2.2(8) for bolt-rows considered individually
decisive basic components: 3, 4, 5, 8

row 1: Fir,rd = 352.7 kN
row 2: Fir,rd = 429.1 kN
row 3: Fir,rd = 429.0 kN
row 4: Fir,rd = 429.0 kN

deductions acc. to EC 3-1-8, B.3.2.2(8) for bolt-rows as part of a group (column)

decisive basic components: 3, 4
group 1

row 2: Fir,rd = 429.1 kN
row 3: Fir,rd = 405.6 kN
group 2

row 2: Fir,rd = 429.1 kN
row 3: Fir,rd = 405.6 kN
row 4: Fir,rd = 378.1 kN

deductions acc. to EC 3-1-8, B.3.2.2(8) for bolt-rows as part of a group (end-plate)

decisive basic components: 5, 8
group 1

row 2: Fir,rd = 429.1 kN
row 3: Fir,rd = 405.6 kN

resistance per bolt-row (tension)

row 1: Fir,rd = 352.7 kN

row 2: Fir,rd = 429.1 kN

row 3: Fir,rd = 405.6 kN

row 4: Fir,rd = 378.1 kN
Ftr,Rd" = 1565.6 kN

deductions acc. to EC 3-1-8, B.3.2.2(7)

decisive basic components: 1, 2, 20

row 1: Fir,rd = 352.7 kN
row 2: Fir,rd = 429.1 kN
row 3: Fir,rd = 107.7 kN
row 4: Ftr,Rd = 0.0 kN

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

decisive basic component: 10

row 1: Fir,rd = 352.7 kN
row 2: Fir,rd = 429.1 kN
row 3: Fir,rd = 107.7 kN

resistance per bolt-row (bending)
row 1: Fir,rd = 352.7 kN
row 2: Fir,rd = 429.1 kN
row 3: Fir,rd = 107.7 kN
row 4: Ftr,Rd = 0.0 kN
ZFtr,Rd = 889.5 kN
potential failure by basic component 4, 5, 20

resistance of flanges (compression)
TF¢,Rd" = 1839.3 kN

moment resistance

Mj Rd = Z(Ftr,Rd-hr) = 380.7 kNm
tension resistance

Njt,Rd = XFtr,Rd" = 1565.6 kN
compression resistance

Nij,c,Rd = ZFc,Rd" = 1839.83 kN
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5.2.4.2. shear/bearing resistance

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

row 1: Fvr,Rd = 434.3 kN
row 2: Fvr,Rd = 434.3 kN
row 3: Fvr,Rd = 434.3 kN
row 4: Fvr,Rd = 434.3 kN

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

row 1: Fvr,Rd =218.7 kN
row 2: Fvr,rd = 172.0 kN
row 3: Fvr,Rd = 368.5 kN
row 4: Fvr,Rd = 434.3 kN

resistance per bolt-row (shear/bearing resistance)
row 1: Fvr,Rd =218.7 kN
row 2: Fvr,rd = 172.0 kN
row 3: Fvr,Rd = 368.5 kN
row 4: Fvr,Rd = 434.3 kN
ZFvr,Rd = 1193.6 kN

shear/bearing resistance
Vj,Rd = ZFvr,Rd = 1193.6 kN

5.2.4.3. shear resistance

shear resistance of end plate

end-plate: Vep,Rd =1708.73 kN

welds: Fw,Rd = 1048.24 kN

shear resistance: Vep,Rd = Fw,Rd = 1048.24 kN

shear resistance of column web

decisive basic component: 1

Vwp,Rd = 664.36 kN

5.2.4.4. total
MjRrd = 380.7 KNmM N;jt,Rd = 1565.6 kN Nj,c,Rd = 1839.3 kN VjRd = 1193.8 KN Vwp,Rd = 664.4 kN Vep,Rd = 1048.2 kN

5.2.5. verifications

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

internal moment. Megd = Md - Nd'zbu = 81.88 kNm, zbu=211.4 mm
shear force: VEd = IVdl = 197.88 kN
shear force: Vb,w,Ed = 156.47 kN

Med/Mjrd =0.215 < 1 ok

shear/bearing resistance at 21.5% utilization of moment resistance Vjrd = 1620.3 kN
Ved/VjRd=0.122 < 1 ok

Vb,w,Ed/Vep,Rd = 0.149 < 1 ok

5.2.5.2. verification of welds at beam section

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

calculation section:

weld1: aw=7.0mm lw =160.0 mm
weld2: aw=7.0mm lw =58.3 mm
weld 3: seeweld 2
weld4: aw=5.0mm lw=416.8 mm
weld 5. seeweld 4
e weld6: aw=7.0mm lw =58.3 mm
weld 7. seeweldB
: weld 8 aw=7.0mm lw = 160.0 mm
1. 60 ],u;l 0/ .1
sz Moz 4

1 ] 0

design values refering to centroid of the section:
NEd = 29.04 kN, My,Ed =-75.74 KNm, VzEd=197.88 kN
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cross-sectional properties refering to centroid of the line cross-section:
TAw = 80.39 cm?, Awz=41.68cm? Zlw=138.7cm

lwy =27301.20 cm#, lw,z=951.99 cm4, Azw =-19.3 mm
distribution of internal forces and moments:

weld 1:  Nw=78.16 kN

weld 2:  Nw=27.15kN

weld 3: see weld 2

weld 4: Nw=7.86 kN Myw = -8.37 kNm

weld 5: see weld 4

weld 8:  Nw=-24.08 kN

weld7: seeweld6

weld 8 Nw=-71.00 kN

from conventionel distribution of shear force: Vzw = 197.88 kN
verifications in weld edges:

weld1, pt.0: owx=69.78 N'mm? = Uw=0277 < 1 ok
weld 2, pt. 0:  owx=66.59 N/mm?2 = Uw=0265 < 1 ok
weld 4, pt.0: owx=61.60 N/mm?2 w,z = 47.47 N/mm?2 = Uy=0309 < 1 ok

pt. 1.  owx=-54.05 N/mm2 w,z = 47.47 N/mm?2 = Uy=0286 < 1 ok
weld 8, pt.0: owx=-59.04 N/'mm? = Uy=0235 < 1 ok
weld 8, pt.0:  owx=-63.39 N/mm? = Uw=0252 < 1 ok
Result:

weld 4, pt.0:  owx=61.60 N/mm? tw,z = 47.47 N/mm?
Max: Fw,ed = 388.83 kN/m < Fw,Rd=1257.34 kN/m = Uw=0.309 < 1 ok

verification of deflection forces (bc 19, simplified method)
compression flange: FRd = Fw,Rd = 486.7 kN, Fed=144.10 kN
FEd=1441kN < FRd=486.7 kN = Uwf=0.296 < 1 ok

5.2.5.3. verification result

maximum utilization: max U =0.309 < 1 ok

5.2.6. rotational stiffness

stiffness coefficients

equivalent stiffness coefficient for 4 tension-bolt-rows:

1: k3 =8.90 mm, ka4 =2521mm, ks =9.66 mm = keff,1 =1/ Z(1/ki,1) =3.914 mm
2: k3 =8.90 mm, ka=2521mm, ks =19.18 mm = kefr,2 =1/ Z(1/ki2) = 4.899 mm
3: k3 =8.90 mm, ka=2521mm, ks =18.21 mm = kef,3=1/2Z(1/ki,3) = 4.833 mm
4: k3 =8.90 mm, ka=2521mm, ks =18.61 mm = Kkefr,a =1/ Z(1/ki,4) = 4.861 mm
equivalent internal lever arm zeq = Z(keff,rrhr?) / Z(Kkeff,r-hr) = 388.36 mm

aquivalenter stiffness coefficient keq = Z(Keff,r-hr) / Zeq = 14.130 mm

k2 = o (stiffened)

rotational stiffness

initial rotational stiffness: Sjini = (E-z2) / =(1/ki) = 447529.3 kNm/rad, z = Zeq = 388.4 mm, =(1/ki) = 0.071 mm-1
IMj,Edl =81.88 KNm < 2/3 MjRd =253.79 kKNm = p=1

rotational stiffness: Sj,Rd = Sj,ini / p = 447529.3 kNm/rad

rotation: ¢j,Ed = Mj,Ed / Sj,Rd = 0.010°
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