POS. 140: KAHLMEYER 3.6.4.1

4H-ec3BT version: 4/2013-5I

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

1. input report
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steel grade
steel grade S235, calculation parameters:

char. yield strength fy = 235.0 N/mm? for t <40 mm, fy =215.0 N\mm? for t > 40 mm
char. tensile strength fu = 360.0 N/mm? for t <40 mm, fu=360.0 N/mm2 for t > 40 mm

correlation value of fillet weld pw = 0.80
elastic modulus E =210000.0 N/mm?
column parameters
section HES00B
design values:

overall depth h = 300.0 mm, web thickness tw = 11.0 mm
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flange width bf =300.0 mm, flange thickness tf=19.0 mm
rolled section, root radius r = 27.0 mm
clear depth of web without root/weld dw = 208.0 mm
width of one flange side without root/weld cf = 117.5 mm
centroid distance from top zs = 150.0 mm
cross-sectional area A = 149.08 cm?
second moment of area ly = 25164.07 cm#
plastic section modulus Wpl,y = 1869.00 cm?
elastic section modulus Wel,y = ly/zs = 1677.60 cm3
effective shear area Avz = 47.43 cm?
torsional moment of inertia It = 186.00 cm*
bolts
bolt class 10.9
calculation parameters:
char. yield strength fyb = 900.0 N/mm?
char. tensile strength fub = 1000.0 N/mm?
bolt size M24
large wrench size (high strength bolt), preloaded (for info: preloading Fp,c* = 0.7-fyb-As = 222.4 kN)
calculation parameters:
shaft diameter d = 24.0 mm, clearance Ad =2.0 mm = hole diameter do = 26.0 mm
gross cross-section area A = 4.524 cm?
tensile stress area As = 3.530 cm?
diameter of the bolt head (across flats dimension) ds = 41.0 mm
diameter of the bolt head (across points dimension) de = 45.20 mm
thickness of the bolt head tk = 15.0 mm
thickness of nut tm =20.0 mm
diameter of the plate under the bolt or the nut dp = 44.0 mm
thickness of the plate under the bolt or the nut tp = 4.0 mm
washer double-sided
shear plane passes through the unthreaded portion of the bolt
beam parameters
section HE400A
design values:
overall depth h = 390.0 mm, web thickness tw = 11.0 mm
flange width bf =300.0 mm, flange thickness tf=19.0 mm
rolled section, root radius r = 27.0 mm
clear depth of web without root/weld dw = 298.0 mm
width of one flange side without root/weld cf = 117.5 mm
centroid distance from top zs = 195.0 mm
cross-sectional area A = 158.98 cm?
second moment of area ly = 45067.79 cm4
plastic section modulus Wi,y = 2562.00 cm?
elastic section modulus Wel,y = ly/zs =2311.17 cm?3
effective shear area Avz =57.33 cm?
torsional moment of inertia It = 190.00 cm4
verification parameters
bolted end-plate connection:
thickness tp = 25.0 mm, width bp = 300.0 mm, length Ip = 495.0 mm
projections hp,o = 85.0 mm, hp,u =20.0 mm
bolts in connection:
3 bolt-rows with 2 bolts
all bolt-rows considered individually
tensile edge top: group of bolts with 2 rows (1-2)
tensile edge bottom: no group of bolts
all bolt-rows for shear transfer (rows 1-3)
centre distance of the bolts to the lateral edge of the end-plate e2 = 75.0 mm
centre distance of the first bolt-row to the upper edge of the end-plate (end row) eo = 35.0 mm
centre distance of the last bolt-row to the bottom edge of the end-plate (end row) ey = 90.0 mm
centre distance of the first bolt-row to the free edge of the column (end row) e1’ =200.0 mm
centre distance of the bolt-rows from each other p1-2 =120.0 mm, p2-3 =250.0 mm
welds at the connection point:
beam flange top: fillet weld, weld thickness a = 8.0 mm
beam web: fillet weld, weld thickness a = 3.0 mm
beam flange bottom: fillet weld, weld thickness a = 8.0 mm
internal forces and moments at the joint periphery refering to the system axes
Lk 1: Mb,Ed = 200.00 kKNm Vb,ed =270.00 kN
partial safety factors for material
resistance of cross-sections ymo = 1.00
resistance of members in stability failure ym1 =1.10
resistance of bolts, welds, plates in bearing ym2 = 1.25
prestressing of high strength bolts ym7 = 1.10
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check of data

ok

distances between bolt-rows at end-plate

horizontal: e2=75.0mm > 1.2:do=31.2 mm, e2=750mm <4t + 40 mm =116.0 mm
horizontal: p2=150.0mm >2.4do=624 mm, pz=150.0 mm <min(14t, 200 mm) =200.0 mm
vertical: e1=35.0mm>1.2:do=31.2 mm, e1=350mm <4t + 40 mm = 116.0 mm

vertical: e1=200.0mm>1.2:do=31.2 mm, e1=2000mm>4t+40 mm=116.0 mm !!
vertical: p1=1200mm>22do=572mm, p1=120.0 mm <min(144, 200 mm) =200.0 mm

vertical: p1=250.0 mm > 2.2.do = 57.2 mm, p1=250.0 mm > min(14-t, 200 mm) = 200.0 mm !!
vertical: e1=90.0mm>1.2:do=31.2 mm, e1=90.0mm <4t +40 mm=116.0 mm
horizontal distance of bolts from column edge

vertical: e1=75.0mm>1.2:do=31.2 mm, e1=75.0mm <4t +40 mm=116.0 mm

maximum values for spacings and edge distances should be in order to avoid local buckling and to prevent corrosion.

notes
no verification for cross-sections.
no verfication for welds within the connection.

2. Lk 1

notes

the following verification is applied to the connection of a girder to a continuous column.
to dimension a frame corner completely, further verifications are required.

connection is verified due to EC 3-1-8 regardless of preloading.

however, connections may be constructed with prestressed high strength bolts.
calculation of T-stub-resistance with the standard method.

2.1. design values
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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=oav=o=0°

distance: e1=150.0 mm, e3 =185.5mm, e2=185.5mm

transformation joint values -> design values
Md = 200.00 kNm, Vg =270.00 kN

internal forces and moments perpendicular to the connection planes
periphery beam
Md = 200.00 kNm, Vg =270.00 kN
calculation of internal forces and moments at periphery column (top)
Ne2 = N¢ - Va =-270.00 kN
Mc2 = Mc + Vees - Md - Vda-e1 - Na-(es-e3) = -240.50 kNm

partial internal forces and moments
internal forces and moments in the periphery end-plate-beam; M'd = Md - Vd'tep = 193.25 kKNm
Nb,t = -Nd-zbu/zb + M’'d/zb = 520.89 kN, zp =371.0 mm, zbu = 185.5 mm
Nb,c = Nd'Zbo/zb + M'd/zb = 520.89 kKN, zb =371.0 mm, zbo = 185.5 mm

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

2.2.1. Gk 1: Column web panel in shear

transformation parameter (EC 3-1-8, 5.3(9)) Bj = 1.00 for Mj1 =200.00 kNm (Mj2 = 0)
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Only the essential sizes are sketched to scale.
| The connection geometry is only hinted.

VR

Vwp ,
assumption
slenderness of column web de/twe = 18.91 < 69 =69.00, ¢ = 1.00 = method applicable
shear area

shear area Av = 47.43 cm?
plastic shear resistance
plastic shear resistance Vwp,Rd = (0.9-fyw-Av) / (312-ym0) = 579.1 kN

2.2.2. Gk 2: column web in transverse compression

transformation parameter (EC 3-1-8, 5.3(9)) Bj = 1.00 for Mj1 =200.00 kNm (Mj2 = 0)

| Only the essential sizes are sketched to scale.
1A The connection geometry is only hinted.
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effective width
effective width of column web in transverse compression beff,c = tr,o + 2:212-ap + 5:(tf,c+sc) + sp = 305.3 mm, sp=33.7 mm
longitudinal compressive stress in web
reduction factor kw = 1.0 (ccom,Ed = 0)
plate buckling
plate slenderness ip = 0.932 [(beff,c-dw-fy) / (Etw?)]12 = 0.714, E = 210000 N/mm2
reduction factor for web buckling p = 1
shear area
shear area Av = 47.43 cm?
interaction with shear stress
reduction factor for interaction with shear stressp=1 = 0 =01=0.778
with ©1=1/[1 + 1.3-(befttw/Av)2]12 = 0.778
resistance of an unstiffened web in transverse compression
FewRd=o - (kw'beff,c‘tw'fy,w) / YMO = 614.07 kN, fy,w =235.0 N/mm?
Few,Rd = @ + (kw'pbeff,ctw-fy,w) / ym1 = 558.25 kN (decisive)

resistance of upper beam flange:
effective width
effective width of column web in transverse compression beff,c = tr,o + 2:212-ap + 5:(tf,c+sc) + sp = 321.86 mm, sp=50.0 mm
longitudinal compressive stress in web
reduction factor kw = 1.0 (ccom,Ed = 0)
plate buckling
plate slenderness ip = 0.932 [(beff,c-dw-fy) / (Etw?)]12 = 0.783, E =210000 N/mm2
reduction factor for web buckling p = (Ap-0.2) / 4p2 = 0.992
shear area
shear area Av = 47.43 cm?
interaction with shear stress
reduction factor for interaction with shear stressp=1 = o =v1=0.762
with @1 =1/[1 + 1.3:(befitw/Av)2]1/2 = 0.762
resistance of an unstiffened web in transverse compression
FewRd=o - (kw'beff,c‘tw'fy,w) / YMO = 633.32 kN, fy,w =235.0 N/mm?
Few,Rd = ® - (kw'pbeff,ctw-fy,w) / yM1 = 571.11 kN (decisive)
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2.2.3. Gk 4: column flange in bending

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

row 1
distance centre-line of the bolt to the edge of flange e = 75.0 mm
distance centre-line of the bolt to the stub web m =47.9 mm
effective length of the T-stub flange (column flange)
(other) end bolt-row
leff,cp,a = Min(2-w-m, =:m+2-e1) = 301.0 mm
leff,nc,a = mMin(4-m+1.25-¢, 2:m+0.625-e+e1) = 285.4 mm
in mode 1: Zleff,1 = leff,1 = min(leff,nc, leff,cp) = 285.4 mm
in mode 2: Zleff,2 = leff,2 = leff,nc = 285.4 mm
tension resistance of the T-stub flange
n = min(emin,1.25-m) =59.9 mm, emin =75.0 mm, m =47.9 mm
resisting plastic moments:
in mode 1+2: Mpl,Rd = (0.25 Zleft2-fy) / yMmo = 8.05 kNm, tf = 19.0 mm, fy =285.0 N/mm2, ymo = 1.00
design value of tension resistance:
tension resistance of one bolt: Ft,Rd = (k2-fub'As) / ym2 = 254.16 kN, k2 =0.90
in mode 3: ZFt,Rd = 2:nb-Ft,Rd = 508.32 kN, nb =1
prying forces always appear at preloaded bolts !
calculation with the standard method
mode 1: complete yielding of the T-stub flange
FT,1,Rd = (4Mpl,1,Rd) / m = 505.38 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) = 394.71 kN
mode 3: bolt failure
FT,3,Rd = ZFt,Rd = 508.32 kN
tension resistance of the T-stub flange: F1,Rd = min(FT,1,Rd, FT,2,Rd, FT,3,Rd) = 394.71 kN
row 2
distance centre-line of the bolt to the edge of flange e = 75.0 mm
distance centre-line of the bolt to the stub web m =47.9 mm
effective length of the T-stub flange (column flange)
(other) end bolt-row
leff,cp,a = 2-tm =301.0 mm (e1 = )
leff,nc,a = 4m+1.25-e =285.4 mm (e1 =)
in mode 1: Zleff,1 = leff,1 = min(leff,nc, leff,cp) = 285.4 mm
in mode 2: Zleff,2 = leff,2 = leff,nc = 285.4 mm
tension resistance of the T-stub flange
n = min(emin,1.25-m) =59.9 mm, emin =75.0 mm, m =47.9 mm
resisting plastic moments:
in mode 1+2: Mpl,Rd = (0.25 Zleft2-fy) / yMmo = 8.05 kNm, tf = 19.0 mm, fy =285.0 N/mm2, ymo = 1.00
design value of tension resistance:
tension resistance of one bolt: Ft,Rd = (k2-fub'As) / ym2 = 254.16 kN, k2 =0.90
in mode 3: ZFt,Rd = 2:nb-Ft,Rd = 508.32 kN, nb =1
prying forces always appear at preloaded bolts !
calculation with the standard method
mode 1: complete yielding of the T-stub flange
FT,1,Rd = (4Mpl,1,Rd) / m = 505.38 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) = 394.71 kN
mode 3: bolt failure
FT,3,Rd = ZFt,Rd = 508.32 kN
tension resistance of the T-stub flange: F1,Rd = min(FT,1,Rd, FT,2,Rd, FT,3,Rd) = 394.71 kN
row 3
distance centre-line of the bolt to the edge of flange e = 75.0 mm
distance centre-line of the bolt to the stub web m =47.9 mm
effective length of the T-stub flange (column flange)
(other) inner bolt-row
leff,cp,i = 2:m-m = 301.0 mm
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leff,nc,i=4m + 1.25-e =285.4 mm
in mode 1: Zleff,1 = leff,1 = min(leff,nc, leff,cp) = 285.4 mm
in mode 2: Zleff,2 = leff,2 = leff,nc = 285.4 mm
tension resistance of the T-stub flange
n = min(emin,1.25-m) =59.9 mm, emin =75.0 mm, m =47.9 mm
resisting plastic moments:
in mode 1+2: Mpl,Rd = (0.25 Zleft2-fy) / yMmo = 8.05 kNm, tf = 19.0 mm, fy =285.0 N/mm2, ymo = 1.00
design value of tension resistance:
tension resistance of one bolt: Ft,Rd = (k2-fub'As) / ym2 = 254.16 kN, k2 =0.90
in mode 3: ZFt,Rd = 2:nb-Ft,Rd = 508.32 kN, nb =1
prying forces always appear at preloaded bolts !
calculation with the standard method
mode 1: complete yielding of the T-stub flange
FT,1,Rd = (4Mpl,1,Rd) / m = 505.38 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) = 394.71 kN
mode 3: bolt failure
F1,3,Rd = ZFt,Rd = 508.32 kN
tension resistance of the T-stub flange: F1,Rd = min(FT,1,Rd, FT,2,Rd, FT,3,Rd) = 394.71 kN
resistances and effective lengths of column flange in bending (per bolt-row)
Ftfc,Rd,1 = 394.71 kN, lefi,1 = 285.4 mm
Ftfc,Rd,2 = 394.71 kN, lefi,2 = 285.4 mm
Ftfc,Rd,3 = 394.71 kN, lefi,3 = 285.4 mm

equivalent T-stub flange (group of bolt-rows):
here: number of bolt-rows np = 2

row 1
distance centre-line of the bolt to the edge of flange e = 75.0 mm
distance centre-line of the bolt to the stub web m = 47.9 mm
distance between bolt-rows p = 120.0 mm
(other) end bolt-row
leff,cp,a = Min(mm+p, 2-e1+p) = 270.5 mm
leff,nc,a = Min(2:m+0.625-e+0.5p, e1+0.5:p) =202.7 mm
row 2
distance centre-line of the bolt to the edge of flange e = 75.0 mm
distance centre-line of the bolt to the stub web m = 47.9 mm
distance between bolt-rows p = 120.0 mm
(other) end bolt-row
leff,cp,a = m'm+p =270.5 mm (e1 = »)
leff,nc,a = 2:m+0.625-e+0.5:.p = 202.7 mm (e1 = o)
effective length of the T-stub flange (column flange)
in mode 1: Zleff,1 = min(Zleff,nc, Zleff,cp) = 405.4 mm, Zleft,cp = 541.0 mm
in mode 2: Zleff,2 = Zleff,nc = 405.4 mm
tension resistance of the T-stub flange
n = min(emin,1.25-m) =59.9 mm, emin =75.0 mm, m =47.9 mm
resisting plastic moments:
in mode 1+2: Mpl,Rd = (0.25 Zleft2-fy) / ymo = 8.60 kNm, tf = 19.0 mm, fy =285.0 N/mm2, ymo = 1.00
design value of tension resistance:
tension resistance of one bolt: Ft,Rd = (k2-fub'As) / ym2 = 254.16 kN, k2 =0.90
in mode 3: ZFtRd =2:nb-Ft,Rd = 1016.64 kN, np =2
prying forces always appear at preloaded bolts !
calculation with the standard method
mode 1: complete yielding of the T-stub flange
FT,1,Rd = (4Mpl,1,Rd) / m =717.91 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) = 724.34 kN
mode 3: bolt failure
F1,3,Rd = ZFt,rd = 1016.64 kN
tension resistance of the T-stub flange: F1,Rd = min(FT,1,Rd, FT,2,Rd, FT,3,Rd) = 717.91 kN
effective length: Zletf = 405.4 mm, 2 rows

2.2.4. Gk 3: column web in transverse tension

transformation parameter (EC 3-1-8, 5.3(9)) Bj = 1.00 for Mj1 =200.00 kNm (Mj2 = 0)
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—0— Only the essential sizes are sketched to scale.
The connection geometry is only hinted.

3% PRI,

each individual bolt-row:
row 1
effective width
effective width of column web in transverse tension beff,t = 285.4 mm (leff from bc 4)
shear area
shear area Ay = 47.43 cm?
interaction with shear stress
reduction factor for interaction with shear stressp=1 = o =01=0.798
with @1 =1/[1 + 1.3-(befrtw/Av)2]1/2 = 0.798
resistance of a column web with transverse tension
Ftwe,Rd = ® - (beff,ttwefy,we) / yMo = 588.8 kN, fy,we = 235.0 N/mm?
row 2
effective width
effective width of column web in transverse tension beff,t = 285.4 mm (leff from bc 4)
shear area
shear area Ay = 47.43 cm?
interaction with shear stress
reduction factor for interaction with shear stressp=1 = o =01=0.798
with @1 =1/[1 + 1.3-(befrtw/Av)2]1/2 = 0.798
resistance of a column web with transverse tension
Ftwe,Rd = ® - (beff,ttwefy,we) / yMo = 588.8 kN, fy,we = 235.0 N/mm?
row 3
effective width
effective width of column web in transverse tension beff,t = 285.4 mm (leff from bc 4)
shear area
shear area Ay = 47.43 cm?
interaction with shear stress
reduction factor for interaction with shear stressp=1 = o =01=0.798
with @1 =1/[1 + 1.3-(befrtw/Av)2]1/2 = 0.798
resistance of a column web with transverse tension
Ftwe,Rd = ® - (beff,ttwefy,we) / yMo = 588.8 kN, fy,we = 235.0 N/mm?
each group of bolt-rows:
effective width
effective width of column web in transverse tension beff,t = 405.4 mm (leff from bc 4)
shear area
shear area Ay = 47.43 cm?
interaction with shear stress
reduction factor for interaction with shear stressp=1 = o =v1=0.682
with @1 =1/[1 + 1.3:(befftw/Av)2]12 = 0.682
resistance of a column web with transverse tension
Ftwe,Rd = o - (beft,ttwefy,we) / yMo = 714.8 kN, fy,we = 235.0 N/mm?2

2.2.5. Gk 5: end-plate in bending

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

M241

19)| 25
extended part of end-plate

in the extended part of the end-plate only one bolt-row is considered (np = 1).
distance centre-line of the bolt to beam flange m1 =40.9 mm
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effective length of the T-stub flange (end-plate)
ex=-e1=35.0mm, mx=mi=40.9 mm, w=bp-2.e=150.0 mm with bp=300.0 mm, e =75.0 mm
end bolt-row outside tension flange of beam
leff,cp,sa = Min(2-T-Mx, ©-Mx+w, Tmx+2-€) = 257.3 mm
leff,nc,sa = Min(4-mx+1.25-ex, e+2:mx+0.625-ex, 0.5:-bp, 0.5-w+2:mx+0.625-ex) = 150.0 mm
in mode 1: Zleff,1 = leff,1 = min(leff,nc, leff,cp) = 150.0 mm
in mode 2: Zleff,2 = leff,2 = leff,nc = 150.0 mm
tension resistance of the T-stub flange
n = min(emin,1.25-m) = 35.0 mm, emin =35.0 mm, m =40.9 mm
resisting plastic moments:
in mode 1+2: Mpl,Rd = (0.25 Zlefti2-fy) / yMmo = 5.51 kNm, tf =25.0 mm, fy =285.0 N/mm2, ymo = 1.00
design value of tension resistance:
tension resistance of one bolt: Ft,Rd = (k2-fub'As) / ym2 = 254.16 kN, k2 =0.90
in mode 3: ZFt,Rd = 2:nb-Ft,Rd = 508.32 kN, nb =1
prying forces always appear at preloaded bolts !
calculation with the standard method
mode 1: complete yielding of the T-stub flange
FT,1,Rd = (4Mpl,1,Rd) / m = 538.02 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) = 379.29 kN
mode 3: bolt failure
FT,3,Rd = ZFt,Rd = 508.32 kN
tension resistance of the T-stub flange: F1,Rd = min(FT,1,Rd, FT,2,Rd, FT,3,Rd) = 379.29 kN
resistance of a weld (req.1): fiw,d =fu/ (Bwymz2) = 360.0 N/mm?2, fy = 360.0 N'mm?, pw = 0.80
tension resistance of welds: FT,w,Rd = 212-f1w,d-a'leff = 610.94 kN (= 379.29 kN, not decisive)
resistance and effective length of end-plate in bending (projection)
Ftep,Rd,1 = 379.29 kN, leff,1 = 150.0 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
distance centre-line of the bolt to the stiffener mz2 =41.9 mm
distance centre-line of the bolt to the edge of flange e = 75.0 mm
distance centre-line of the bolt to the stub web m =66.1 mm
effective length of the T-stub flange (end-plate)
inner bolt-row outside tension flange of beam
coefficient for stiffened column flanges and end-plates:
input values A1 =m/ (m+e) =0.468, x2=m2/(m+e) =0.297 = o =6.63 (calculated)
leff,cp,si = 2:m'm = 415.4 mm
leff,nc,si = arm = 438.6 mm
in mode 1: Zleff,1 = leff,1 = min(leff,nc, leff,cp) = 415.4 mm
in mode 2: Zleff,2 = leff,2 = leff,nc = 438.6 mm
tension resistance of the T-stub flange
n = min(emin,1.25-m) = 75.0 mm, emin =75.0 mm, m =66.1 mm
resisting plastic moments:
in mode 1: Mpi,1,Rd = (0.25-Zleff, 1-12-fy) / yM0 = 15.25 KNm, tt = 25.0 mm, fy = 235.0 N/mm?2, ymo = 1.00
in mode 2: Mpi,2,Rd = (0.25-Zleff,212-fy) / ymo = 16.10 KNm
design value of tension resistance:
tension resistance of one bolt: Ft,Rd = (k2-fub'As) / ym2 = 254.16 kN, k2 =0.90
in mode 3: ZFt,Rd = 2:nb-Ft,Rd = 508.32 kN, nb =1
prying forces always appear at preloaded bolts !
calculation with the standard method
mode 1: complete yielding of the T-stub flange
FT,1,Rd = (4Mpl,1,Rd) / m = 922.84 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) = 498.42 kN
mode 3: bolt failure
FT,3,Rd = ZFt,Rd = 508.32 kN
tension resistance of the T-stub flange: F1,Rd = min(FT,1,Rd, FT,2,Rd, FT,3,Rd) = 498.42 kN
resistance of a weld (req.1): fiw,d =fu/ (Bwymz2) = 360.0 N/mm?2, fy = 360.0 N'mm?, pw = 0.80
tension resistance of welds: FT,w,Rd = 212-f1w,d-a-leff = 634.39 kKN (> 498.42 kN, not decisive)
row 3
distance centre-line of the bolt to the stiffener mz2 =41.9 mm
distance centre-line of the bolt to the edge of flange e = 75.0 mm
distance centre-line of the bolt to the stub web m =66.1 mm
effective length of the T-stub flange (end-plate)
inner bolt-row outside tension flange of beam
coefficient for stiffened column flanges and end-plates:
input values A1 =m/ (m+e) =0.468, x2=m2/(m+e) =0.297 = o =6.63 (calculated)
leff,cp,si = 2:m'm = 415.4 mm
leff,nc,si = arm = 438.6 mm
in mode 1: Zleff,1 = leff,1 = min(leff,nc, leff,cp) = 415.4 mm
in mode 2: Zleff,2 = leff,2 = leff,nc = 438.6 mm
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tension resistance of the T-stub flange
n = min(emin,1.25-m) = 75.0 mm, emin =75.0 mm, m =66.1 mm
resisting plastic moments:
in mode 1: Mpi,1,Rd = (0.25-Zleff, 1-12-fy) / yM0 = 15.25 KNm, tt = 25.0 mm, fy = 235.0 N/mm?2, ymo = 1.00
in mode 2: Mpi,2,Rd = (0.25-Zleff,212-fy) / ymo = 16.10 KNm
design value of tension resistance:
tension resistance of one bolt: Ft,Rd = (k2-fub'As) / ym2 = 254.16 kN, k2 =0.90
in mode 3: ZFt,Rd = 2:nb-Ft,Rd = 508.32 kN, nb =1
prying forces always appear at preloaded bolts !
calculation with the standard method
mode 1: complete yielding of the T-stub flange
FT,1,Rd = (4Mpl,1,Rd) / m = 922.84 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) = 498.42 kN
mode 3: bolt failure
FT,3,Rd = ZFt,Rd = 508.32 kN
tension resistance of the T-stub flange: F1,Rd = min(FT,1,Rd, FT,2,Rd, FT,3,Rd) = 498.42 kN
resistance of a weld (req.1): fiw,d =fu/ (Bwymz2) = 360.0 N/mm?2, fy = 360.0 N'mm?, pw = 0.80
tension resistance of welds: FT,w,Rd = 212-f1w,d-a-leff = 634.39 kKN (> 498.42 kN, not decisive)
resistances and effective lengths of end-plate in bending (per bolt-row):
Fep,Rd,2 = 498.42 kN, lefi,2 = 415.4 mm
Fep,Rd,3 = 498.42 kN, leff,3 = 415.4 mm

2.2.6. Gk 7: beam flange and web in compression

section class of beam (s = 1.00):
flange bottom: section class for c/(s't) = 6.18 (outstand flange): 1
web: section class for o = 0.50 and c¢/(st) = 27.09 (internal compression parts, bending): 1
total: section class: 1

taking into account the moment-shear force-interaction Ved = 270.0 kN

plastic section modulus Wpi = 2562.000 cm?

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

SRR
<+
390

=]

Fee——p <———f¢c

stress due to bending with shear force

Vpl,Rd = Av-(fy/3172) / ymo = 777.8 kN, Ay =57.383 cm?

VEd =270.0 kN < 388.9 kN = Vpl,Rd/2 = no effect on the moment resistance !
stress for section class 1

resistance Mc,Rd = Mpl,Rd = (Wpl-fy) / ymo = 602.07 kNm, Wyl =2562.00 cm?
resistance of a flange (and web) with compression

FctRd=McRd/ (h - tf) = 1622.83 kN, (h - tf) =371.0 mm

resistance of upper beam flange:
stress due to bending with shear force

Vpl,Rd = Av-(fy/3172) / ymo = 777.8 kN, Ay =57.383 cm?

VEd =270.0 kN < 388.9 kN = Vpl,Rd/2 = no effect on the moment resistance !
stress for section class 1

resistance Mc,Rd = Mpl,Rd = (Wpl-fy) / ymo = 602.07 kNm, Wyl =2562.00 cm?
resistance of a flange (and web) with compression

FctRd=McRd/ (h - tf) = 1622.83 kN, (h - tf) =371.0 mm

2.2.7. Gk 8: beam web in tension

m 4H-EC3BT / pcae-GmbH / KopernikusstraBe 4A / 30167 Hannover / Tel: (0511) 700830 / Fax: (0511) 7008399 / pcae/0000001



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

-
9 RN Ft - AR
-+

each individual bolt-row:
row 2
effective width
effective width of the beam web in tension beft,t,wb =415.4 mm (letf from bc 5)
resistance of a beam web in tension
Ft,wb,Rd = Deff,t,wb-twb-fy,wb / yM0o = 1073.7 kN, fy,wb = 235.0 N/mm?
row 3
effective width
effective width of the beam web in tension beft,t,wb =415.4 mm (letf from bc 5)
resistance of a beam web in tension
Ft,wb,Rd = Deff,t,wb-twb-fy,wb / yM0o = 1073.7 kN, fy,wb = 235.0 N/mm?

2.2.8. Gk 10: bolts in tension

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

Ft
M24

D

.

Ft

v

bolt category D:

tension resistance of one bolt: Ft,Rd = (k2-fub-As) / ym2 = 254.16 kN, k2 = 0.90, fub =1000.0 N/mm?

p. sh. load capicity: Bp,Rd = (0.6-m:dmtp-fu)) / ym2 = 444.55 kN, dm =43.1 mm, tp =19.0 mm, fu=360.0 N/mm?
tension-/punching shear load capicity for 2 bolts: ZFtp,Rd = 2:min(Ft,Rd, Bp,Rd) = 508.32 kN

2.2.9. Gk 11: bolts in shear

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

bolt category A:

shear plane passes through the unthreaded portion of the bolt: av=0.6, A=4.52 cm?
shear resistance per shear plane: Fy,Rd = av-fub-A/ ym2 =217.15 kN, fub = 1000.0 N/mm?
shear resistance of 2 bolts (1-shear): ZFy,Rd = 2-Fv,Rd = 434.29 kN

2.2.10. Gk 12: plate with bearing resistance
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Only the essential sizes are sketched to scale.
The connection geometry is only hinted.

[Ty ]
" i ~
Fb/2 -y
o
w
Fb/2 %
M~
120
row 1
end-plate (for Vi = 0):
bolt 1:

in direction of load transfer: ad,a = e1/(3-do) = 0.45 (end bolt)
= oab=0.45 (smallest value of ad or fub/fu=2.78 or 1.0)
across to the direction of load transfer: ki1,i=1.4-p2/do-1.7 =6.38 (inner bolt)
across to the direction of load transfer: k1,a = min(2.8-e2/do-1.7, 1.4-p2/do-1.7) =6.38 (end bolt)
= k1 =2.50 (smallest value of ki1 or 2.5)
bearing resistance: Fb,Rd = (k1-ab-fu-d-t) /ym2 = 193.85 kN, fu=360.0 NNmm?, t=25.0 mm, d =24.0 mm
bolt 2:
in direction of load transfer: ad,a = e1/(3-do) = 0.45 (end bolt)
= oab=0.45 (smallest value of ad or fub/fu=2.78 or 1.0)
across to the direction of load transfer: ki1,i=1.4-p2/do-1.7 =6.38 (inner bolt)
across to the direction of load transfer: k1,a = min(2.8-e2/do-1.7, 1.4-p2/do-1.7) =6.38 (end bolt)
= k1 =2.50 (smallest value of ki1 or 2.5)
bearing resistance: Fb,Rd = (k1-ab-fu-d-t) /ym2 = 193.85 kN, fu=360.0 NNmm?, t=25.0 mm, d =24.0 mm
bearing resistance of 1x2 bolts: ZFb,Rd = 387.69 kN
column flange (for Vi, = 0):
bolt 1:
in direction of load transfer: ab =1.00
across to the direction of load transfer: ki1,i=1.4-p2/do-1.7 =6.38 (inner bolt)
across to the direction of load transfer: k1,a = min(2.8-e2/do-1.7, 1.4-p2/do-1.7) =6.38 (end bolt)
= k1 =2.50 (smallest value of ki1 or 2.5)
bearing resistance: Fb,Rd = (k1-ab-fu-d-t) / ym2 = 328.32 kN, fu=360.0 NNmm?, t=19.0 mm, d =24.0 mm
bolt 2:
in direction of load transfer: ab =1.00
across to the direction of load transfer: ki1,i=1.4-p2/do-1.7 =6.38 (inner bolt)
across to the direction of load transfer: k1,a = min(2.8-e2/do-1.7, 1.4-p2/do-1.7) =6.38 (end bolt)
= k1 =2.50 (smallest value of ki1 or 2.5)
bearing resistance: Fb,Rd = (k1-ab-fu-d-t) / ym2 = 328.32 kN, fu=360.0 NNmm?, t=19.0 mm, d =24.0 mm
bearing resistance of 1x2 bolts: ZFb,Rd = 656.64 kN
row 2
end-plate (for Vi = 0):
bolt 1:
in direction of load transfer: aad,i = p1/(3:do)-1/4 = 1.29 (inner bolt)
= oab=1.00 (smallest value of ad or fub/fu=2.78 or 1.0)
across to the direction of load transfer: ki1,i=1.4-p2/do-1.7 =6.38 (inner bolt)
across to the direction of load transfer: k1,a = min(2.8-e2/do-1.7, 1.4-p2/do-1.7) =6.38 (end bolt)
= k1 =2.50 (smallest value of ki1 or 2.5)
bearing resistance: Fb,Rd = (k1-ab-fu-d-t) / ym2 = 432.00 kN, fu=360.0 NNmm?, t=25.0 mm, d =24.0 mm
bolt 2:
in direction of load transfer: aad,i = p1/(3:do)-1/4 = 1.29 (inner bolt)
= oab=1.00 (smallest value of ad or fub/fu=2.78 or 1.0)
across to the direction of load transfer: ki1,i=1.4-p2/do-1.7 =6.38 (inner bolt)
across to the direction of load transfer: k1,a = min(2.8-e2/do-1.7, 1.4-p2/do-1.7) =6.38 (end bolt)
= k1 =2.50 (smallest value of ki1 or 2.5)
bearing resistance: Fb,Rd = (k1-ab-fu-d-t) / ym2 = 432.00 kN, fu=360.0 NNmm?, t=25.0 mm, d =24.0 mm
bearing resistance of 1x2 bolts: ZFb,Rd = 864.00 kN
column flange (for Vi, = 0):
bolt 1:
in direction of load transfer: aad,i = p1/(3:do)-1/4 =2.96 (inner bolt)
= oab=1.00 (smallest value of ad or fub/fu=2.78 or 1.0)
across to the direction of load transfer: ki1,i=1.4-p2/do-1.7 =6.38 (inner bolt)
across to the direction of load transfer: k1,a = min(2.8-e2/do-1.7, 1.4-p2/do-1.7) =6.38 (end bolt)
= k1 =2.50 (smallest value of ki1 or 2.5)
bearing resistance: Fb,Rd = (k1-ab-fu-d-t) / ym2 = 328.32 kN, fu=360.0 NNmm?, t=19.0 mm, d =24.0 mm
bolt 2:
in direction of load transfer: aad,i = p1/(3:do)-1/4 =2.96 (inner bolt)
= oab=1.00 (smallest value of ad or fub/fu=2.78 or 1.0)
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across to the direction of load transfer: ki1,i=1.4-p2/do-1.7 =6.38 (inner bolt)
across to the direction of load transfer: k1,a = min(2.8-e2/do-1.7, 1.4-p2/do-1.7) =6.38 (end bolt)
= k1 =2.50 (smallest value of ki1 or 2.5)
bearing resistance: Fb,Rd = (k1-ab-fu-d-t) / ym2 = 328.32 kN, fu=360.0 NNmm?, t=19.0 mm, d =24.0 mm
bearing resistance of 1x2 bolts: ZFb,Rd = 656.64 kN
row 3
end-plate (for Vi = 0):
bolt 1:
in direction of load transfer: aad,i = p1/(3:do)-1/4 =2.96 (inner bolt)
= oab=1.00 (smallest value of ad or fub/fu=2.78 or 1.0)
across to the direction of load transfer: ki1,i=1.4-p2/do-1.7 =6.38 (inner bolt)
across to the direction of load transfer: k1,a = min(2.8-e2/do-1.7, 1.4-p2/do-1.7) =6.38 (end bolt)
= k1 =2.50 (smallest value of ki1 or 2.5)
bearing resistance: Fb,Rd = (k1-ab-fu-d-t) / ym2 = 432.00 kN, fu=360.0 NNmm?, t=25.0 mm, d =24.0 mm
bolt 2:
in direction of load transfer: aad,i = p1/(3:do)-1/4 =2.96 (inner bolt)
= oab=1.00 (smallest value of ad or fub/fu=2.78 or 1.0)
across to the direction of load transfer: ki1,i=1.4-p2/do-1.7 =6.38 (inner bolt)
across to the direction of load transfer: k1,a = min(2.8-e2/do-1.7, 1.4-p2/do-1.7) =6.38 (end bolt)
= k1 =2.50 (smallest value of ki1 or 2.5)
bearing resistance: Fb,Rd = (k1-ab-fu-d-t) / ym2 = 432.00 kN, fu=360.0 NNmm?, t=25.0 mm, d =24.0 mm
bearing resistance of 1x2 bolts: ZFb,Rd = 864.00 kN
column flange (for Vi, = 0):
bolt 1:
in direction of load transfer: ab =1.00
across to the direction of load transfer: ki1,i=1.4-p2/do-1.7 =6.38 (inner bolt)
across to the direction of load transfer: k1,a = min(2.8-e2/do-1.7, 1.4-p2/do-1.7) =6.38 (end bolt)
= k1 =2.50 (smallest value of ki1 or 2.5)
bearing resistance: Fb,Rd = (k1-ab-fu-d-t) / ym2 = 328.32 kN, fu=360.0 NNmm?, t=19.0 mm, d =24.0 mm
bolt 2:
in direction of load transfer: ab =1.00
across to the direction of load transfer: ki1,i=1.4-p2/do-1.7 =6.38 (inner bolt)
across to the direction of load transfer: k1,a = min(2.8-e2/do-1.7, 1.4-p2/do-1.7) =6.38 (end bolt)
= k1 =2.50 (smallest value of ki1 or 2.5)
bearing resistance: Fb,Rd = (k1-ab-fu-d-t) / ym2 = 328.32 kN, fu=360.0 NNmm?, t=19.0 mm, d =24.0 mm
bearing resistance of 1x2 bolts: ZFb,Rd = 656.64 kN
bearing resistance (3 rows)
EFb,Rd,1 = 387.69 kN
EFb,Rd,2 = 656.64 kN
EFb,Rd,3 = 656.64 kN

2.3. connection capacity

2.3.1. moment resistance
distance of tension-bolt-rows from centre of compression: h1 = 430.5 mm, h2=310.5 mm, h3z =60.5 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 = 379.3 kN
row 2: Ftr,rd = 394.7 kN
row 3: Ftr,rd = 394.7 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

row 1: EFtr,rd = 0.0 kN
Gk 3: AFtr,Rd = Ft,we,Rd - ZFtr,Rd = 714.8 kN Firrd = 379.3 kN < AFtrRd = Ftr,Rd=379.3 kN
Gk 4: AFtr,Rd = Ft,fe,Rd - ZFtr,Rd = 717.9 kN Ftrrd = 379.3 kN < AFtrRd = Ftr,Rd=379.3 kN
row2:  XFi,Rd=379.3 kN (row 1)
Gk 3: AFtr,Rd = Ft,wc,Rd - ZFtr,Rd = 335.5 kN FtrRd = 394.7 KN > AFtrRd = Fir,Rd = 335.5 kN
Gk 4: AFtr,Rd = Ftfe,Rd - ZFtr,Rd = 338.6 kN Ftrrd = 335.5 kN < AFtrRd = Ftr,Rd = 335.5 kN

resistance per bolt-row (tension)

row 1: Fir,rd = 379.3 kN

row 2: Fir,rd = 335.5 kN

row 3: Fir,rd = 394.7 kN
SFtr,Rd” = 1109.5 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 = 579.1 kNFtrRd = 379.3 kN < AFtrRd = Ftr,Rd = 379.3 kN
Gk 2:AFtr,Rd = Fe,w,Rd - ZFtr,Rd = 558.2 KNFtr,Rd = 379.3 kN < AFt,Rd = Ftr,Rd = 379.3 kN
Gk 7:AFtr,Rd = Fe,f,Rd - ZFtr,Rd = 1622.8 kNFtr,Rd = 379.3 KN < AFtrRd = Ftr,Rd = 379.3 kN
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row 2: ZFr,Rd = 379.3 kN (row 1)

Gk 1:AFtr,Rd = Vwp,Rd/Bj - ZFtr,Rd = 199.8 kNFtr,rd = 335.5 kN > AFirRd = Ftr,Rd = 199.8 kN
Gk 2:AFtr,Rd = Fe,w,Rd - ZFtrRd = 179.0 kNFtrrd = 199.8 kN > AFtr,Rd = Fir,Rd=179.0 kN
Gk 7:AFtr,Rd = Fc,f,Rd - ZFtr,Rd = 1243.5 kNFtr,rd = 179.0 KN < AFtrRd = FtrRd=179.0 kN
row 3: ZFt,Rd = 5568.2 kN (rows 1 bis 2)

Gk 1:AFtr,Rd = Vwp,Rd/Bj - ZFtr,Rd = 20.9 kNFtr,rd = 394.7 kN > AFtrRd = Ftr,Rd = 20.9 kN
Gk 2:AFtr,Rd = Fc,w,Rd - ZFtr,Rd = 0.0 kNFtrrd = 20.9 kN > AFtrRd = Ftr,Rd = 0.0 kN

Gk 7:AFtr,Rd = Fe,f,Rd - ZFtr,Rd = 1064.6 kNFt,rd = 0.0 KN < AFtrRd = Ftr,Rd = 0.0 kN

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

decisive basic component: 10

row 1: Fix,rd = 379.3 kN, hx=430.5 mm = FixRd < lim Fi,Rd = 482.9 kN, no deduction
row 2: Fix,rd = 179.0 kN, hx=310.5 mm = Fix,Rd < lim Fi,Rd = 482.9 kN, no deduction

resistance per bolt-row (bending)
row 1: Ftr,rd = 379.3 kN
row 2: Firrd = 179.0 kN
row 3: Ftr,rd = 0.0 kN
EFtr,rd = 558.2 kN
potential failure by basic component 2, 3, 4, 5

resistance of flanges (compression)
EFe¢Rd" =579.1 kN

moment resistance regarding the centre of compression
Mij,rd = Z(Ftr,Ra-hr) = 218.9 KNm

tension resistance

Njt,Rd = ZFtr,Rd" = 1109.5 kN

compression resistance

Njc,Rd = ZF¢,Rd" = 579.1 kN

2.3.2. shear/bearing resistance

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

row 1: Fvr,Rd = 387.7 kN
row 2: Fvr,Rd = 434.3 kN
row 3: Fvr,Rd = 434.3 kN

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

row 1: FvrRd = fvt - 387.7 kN=181.1 kN  with fvt=1 - FtrRrd/ (1.4ZFtRd) = 0.467
row 2: Fvr,Rd = fut - 434.3 kN =325.1 kN with fvt=1 - FtrRd/ (1.4-ZFt,Rd) = 0.749
row 3: Fvr,Rd = fut - 434.3 kN =434.3 kN  with fvt=1 - FtrrRd/ (1.4-ZFt,Rd) = 1.000

resistance per bolt-row

row 1: Fvr,Rd = 181.1 kN

row 2: Fvr,Rd = 325.1 kN

row 3: Fvr,Rd = 434.3 kN
ZFvr,Rd = 940.4 kN

shear/bearing resistance
Vj,Rd = ZFvr,Rd = 940.4 kN

2.3.3. shear resistance

shear resistance of column web
decisive basic component: 1

Vwp,Rd/Bj = 579.1 kN

2.3.4. total
Mj,Rd = 218.9 kNm N;jtRd = 1109.5 kN Njc,Rd =579.1 KN VjRd = 940.4 KN Vwp,Rd/Bj=579.1 kN

2.4, verifications

calculation of internal lever arm zeq s. rotational stiffness
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2.4.1. verification of the connection capacity by means of the component method

internal moment: Megd = Md = 200.00 kNm

perpend. to connection plane

shear force: VEd = IVdl =270.00 kN
parallel to connection plane
shear force: Vew,Ed = Mdw/Z - (Ve1-Ve2)/2 = 553.66 kN, Md,w =205.1 kNm, z =370.5 mm

in column web

moment resistance

Med/Mjrd =0.914 < 1 ok

shear/bearing resistance at 100% utilization of moment resistance
VEd/VjRd =0.287 < 1 ok

shear resistance of column web

Vc,w‘Edf(pr,Rdfﬁj) =0.956 < 1 ok

2.4.2. verification result

maximum utilization: max U=0.956 < 1 ok

2.5. rotational stifiness

stiffness coefficients
equivalent stiffness coefficient for 2 tension-bolt-rows:
effective stiffness coefficient for bolt-row 1:
ks = 0.9-lefftp® / m® = 30.72 mm, leff = 150.0 mm, m =40.9 mm
k10 =1.6:As/Lb =8.13 mm, Lb =tges + 21p + (tk+tm)/2 = 69.5 mm, tges = 44.0 mm
ks = 0.7 beff,t,wctwec / de = 10.56 mm, beff,t,wec = 285.4 mm
ka = 0.9:lefrttc® / m® = 16.08 mm, leff = 285.4 mm, m =47.9 mm
Z(1/ki,1) = 1/ks + 1/k4 + 1/ks + 1/k10 = 0.313 = keft,1 = 1/ Z(1/ki,1) =3.198 mm
effective stiffness coefficient for bolt-row 2:
ks = 0.9-lefftp® / m®=20.22 mm, leff =415.4 mm, m =66.1 mm
k10 =1.6:As/Lb =8.13 mm, Lb =tges + 21p + (tk+tm)/2 = 69.5 mm, tges = 44.0 mm
ks = 0.7 beff,t,wctwec / de = 10.56 mm, beff,t,wec = 285.4 mm
ka = 0.9:lefrttc® / m® = 16.08 mm, leff = 285.4 mm, m =47.9 mm
Z(1/ki,2) = 1/ks + 1/k4 + 1/ks + 1/k10 = 0.330 = keft,2 = 1/ Z(1/ki,2) = 3.034 mm
equivalent internal lever arm: zeq = Z(keff,rrhr?) / Z(Keff,r-hr) = 381.7 mm
keq = Z(keft,r-hr) / Zeq = 6.075 mm
stiffness coefficient of basic component 1:
k1 =0.38-Avc/ (Bz)=4.86 mm, p=1.0, z=370.5 mm
stiffness coefficient of basic component 2:
k2 = 0.7 -beff,c,wetwe / de = 11.30 mm, beff,c,wec = 305.3 mm
sum of stiffness coefficients Z(1/ki) = 1/k1 + 1/k2 + 1/keq = 0.459
rotational stiffness
initial rotational stiffness: Sj,ini = (E-z2) / Z(1/ki) = 66722.9 kNm/rad, z = zeq=381.7 mm
internal moment at the connection point; Mj,Ed = Med = 200.00 kNm
IMj,edl =200.00 kNm > 2/3 MjRd = 145.9 KNm = p=((1.5:MjEd) / MjRa)Y =2.343, ¥ =2.7
rotational stiffness: SjRd = Sj,ini / 1 = 28474.0 kNm/rad
rotation: ¢j,Ed = Mj,Ed / Sj,Rd = 0.402°

3. final result

maximum utilization: max U=0.956 < 1 ok
minimum rotational stiffness: min Sj=28.5 MNm/rad, Sj,ini =66.7 MNm/rad, ¢j=0.402°

verification succeeded

4. Selected Design Parameters of the National Annex
DIN EN 1993-1-1 (EC 3)

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

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

DIN EN 1993-1-1, Eurocode 3: Bemessung und Konstruktion von Stahlbauten -
Teil 1-1: Allgemeine Bemessungsregeln und Regeln fir den Hochbau;
Deutsche Fassung EN 1993-1-1:2005 + AC:2009, Ausgabe Dezember 2010
DIN EN 1993-1-1/A1, Erganzungen zur DIN EN 1993-1-1, Ausgabe Juli 2014
DIN EN 1993-1-1/NA, Nationaler Anhang zur DIN EN 1993-1-1, Ausgabe September 2017

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

m 4H-EC3BT / pcae-GmbH / KopernikusstraBe 4A / 30167 Hannover / Tel: (0511) 700830 / Fax: (0511) 7008399 / pcae/0000001



