POS. 9: BEISPIEL BUCKLING/SHEARFELD

frame corner EC 3-1-8 (12.10), NA: Deutschland
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steel grade

steel grade S235
column parameters
section HE280A
reinforcement of the section with transverse stiffeners (web stiffeners, dst = 500.8 mm):
thickness tst = 13.0 mm, width bst = 136.0 mm, length Ist = 244.0 mm
recess at stiffeners cst = 36.0 mm
welds astf = 5.0 mm, ast,w = 4.0 mm
beam parameters
parameter (l-section):
overall depth h =270.0 mm, web thickness tw = 8.0 mm
flange width bf =280.0 mm, flange thickness tf=13.0 mm
slope angle of section about the horizontal axis ab = 5.00° = section depth at the joint loc. hb = h/cos(ab) =271.0 mm
slope angle of haunch about the horizontal axis av = 30.00° = haunch angle about the beam axis Aav = 25.00°
haunch length Ly = 500.0 mm, haunch depth at the connection point hy = Lv:(tan(aw) - tan(ab)) = 244.9 mm
total beam depth at the connection point hges = hb + hy =516.0 mm
reinforcement of the section with transverse stiffeners:
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thickness tst = 13.0 mm, width bst = 136.0 mm, length Ist = 244.0 mm
welds astf = 5.0 mm, ast,w = 4.0 mm
verification parameters
welded connection:
tension plate: thickness tz = 13.0 mm, width bz =280.0 mm
welds azf=5.0 mm, azw = 4.0 mm
welds at the connection point:
beam flange top: fillet weld, weld thickness a = 5.0 mm, angle ¢ = 85°
beam web: fillet weld, weld thickness a = 4.0 mm
beam flange bottom: fillet weld, weld thickness a = 5.0 mm, angle ¢ = 120°
internal forces and moments in the intersection point of system axes
Lk 1:  Nijb,Ed = -800.00 kN Mjb,Ed =-100.00 kNm
Nj,c1,Ed = -240.56 KN Mj,c1,ed = -100.00 kKNm Vije1,Ed = -762.97 KN (calculated)
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

check of data
ok

notes
no verification for cross-sections.

2. Lk 1

notes
no verfication for welds of welded section.

2.1. design values
intersectional forces and
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sign definition of statics:
» transformation to EC3:

slope angle:

transformation sign convention of statics -> EC3-cos
Nij,b,Ed = 800.00 kN, M;jb,ed = 100.00 kNm
transformation node values -> joint values
Nb,ed = 800.00 kN, Mb,Ed = 100.00 kNm
transformation joint values -> design values
Nd = 762.97 kKN, Md = 100.00 kNm, Vd=240.56 kN
internal forces and moments at periphery haunch-beam
Nv,d = 781.04 KN, My,d = 100.00 kNm, Vy,da=173.15 kN
internal forces and moments perpendicular to the connection planes
periphery beam
Nd = 762.97 kN, Md = 100.00 kNm, Vd4=240.56 kN
periphery haunch-beam
Nv,d = 781.04 kN, My,d =100.00 kNm, Vy,da=173.15 kN
periphery column (bottom, calculated)
Ne =240.56 kN, Mc=-72.39 kNm, Vc=762.97 kN

partial internal forces
and moments

ab =5.00° av=30.00° = = (ab+ov)/2 =17.50°, Aw=a-ab=12.50°
distance: e1=135.0 mm, e3 =268.5 mm, e2=225.9 mm, es =500.8 mm, e4 =496.1 mm
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a positive axial force means tension, a positive bending moment produces tension at the bottom
a positive axial force means compression, a positive bending moment produces tension at the top

INb,edl = 800.00 kN > 5% Npl,Rd = 138.18 kN = verification with partial internal forces and moments

with Npi,Rd = Ab-fyb / ymo = 2763.65 kN
partial internal forces and moments

Nb,t = (-Nd-zbu/zb + Md/zb) / cos(ab) = -165.32 kN, zb =501.9 mm, zbu =239.4 mm < 0 (compression connection)

Nb,c = (Nd-Zbo/Zb + Md/zb) / cos(aw) = 690.84 kN, zb =501.9 mm, zbo = 262.5 mm
Vb,w = Vd + Nb,c-sin{av) - Nb,t-sin{ap) = 600.39 kN
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2.2. basic components
welded beam connection: basic components: 1, 2, 3, 20

2.2.1. Gk 1: Column web panel in shear

transformation parameter (EC 3-1-8, 5.3(9)) Bj = 1.000 for Mj1 = 100.00 kNm (Mj2 = 0)

ﬂ Only the essential sizes are sketched to scale.
<< —— The connection geometry is only hinted.
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assumption
slenderness of column web de/twe =24.50 < 69 =69.00, ¢ = 1.00 = method applicable
shear area
shear area Ay = 31.74 cm?
plastic shear resistance
plastic shear resistance without stiffeners Vwp,Rd = (0.9-fyw-Av) / (312-ymo0) = 387.6 kN
placing of intermediate web stiffeners:
plastic section modulus of a column flange Wpl,fc = bictic4 = 11.83 cm?3
plastic section modulus of a web stiffener Wpl,st = 2-bsttst?/4 = 11.49 cm?
plastic moment resistance of column flange Mpl,fc,Rd = (Wpl,ie-fy,c) / ymo = 2.78 kNm
plastic moment resistance of the web stiffener Mpl,st,Rd = (Wpl,stfy,st) / ymo = 2.70 kNm
additional resistance Vwp,add,Rd = 4-Mpl,fc,Rd/dst = 22.3 kN
Vwp,add,Rd > 2:(Mpl,fc,Rd+Mpl,st,Rd)/dst = 21.9 KN = Vwp,add,Rd = 21.9 kN, dst =499.7 mm
plastic shear resistance with transverse stiffeners Vwp,Rd = 409.6 kN

2.2.2. Gk 2: column web in transverse compression

transformation parameter (EC 3-1-8, 5.3(9)) Bj = 1.000 for Mj1 = 100.00 kNm (Mj2 = 0)

Only the essential sizes are sketched to scale.
................ 4 The connection geometry is only hinted.
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reinforcement of web with transverse stiffeners:
assumption: stiffeners do not buckle (verification method 'elastic-elastic’ = max. section class 3)
c/t-ratio ¢/t = 10.46 < 33.00 = 83+, &= (235/fy)12=1.00 = section class 1 <3 = assumption succeeded !!
minimum demands of the moment of inertia of stiffeners

length of buckling field (distance of stiffeners) a = 499.7 mm

web height between the flanges hwe = de+2:s¢ = 244.0 mm

moment of inertia of stiffeners lst = (2-bst+twe)tst / 12 = 2378.13 cm*

minimum moment of inertia for a’hwe = 2.05 > 212: st min = 0.75-hwetwe® = 9.37 em#* < lst ok
requirement concerning stiffeners to aviod lateral torsional buckling

torsional moment of inertia of stiffeners IT ~ bsttst® / 3 = 9.96 cm#

polar moment of inertia of stiffeners Ip = bsttst®/ 12 + tstbst® / 12 = 275.00 cm#

It/ lp ~0.036 > 0.006 = 5.3fyst/Est ok
resistance of stiffened webs with transverse compression

area of stiffeners incl. web Ast = (2-bst+twc)tst = 36.40 cm?

radius of inertia of stiffeners i = (Ist/ Ast)1/2 = 80.8 mm

buckling length of stiffeners Ler = hwe = 244.0 mm

slenderness % = Ler / (i-h1) = 0.082 with i1 = n-(Est/fy,et)1/2 = 93.9

% <£0.2 = no deduction (y =1.0)

design value of resistance of flexural buckling Fe,w,Rd = y*Ast-fy,st / ym1 = 777.6 kN

resistance of upper beam flange:
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reinforcement of web with transverse stiffeners:
assumption: stiffeners do not buckle (verification method 'elastic-elastic’ = max. section class 3)
c/t-ratio ¢/t = 10.46 < 33.00 = 83+, &= (235/fy)12=1.00 = section class 1 <3 = assumption succeeded !!
minimum demands of the moment of inertia of stiffeners

length of buckling field (distance of stiffeners) a = 499.7 mm

web height between the flanges hwe = de+2:s¢ = 244.0 mm

moment of inertia of stiffeners lst = (2-bst+twe)tst / 12 = 2378.13 cm*

minimum moment of inertia for a’hwe = 2.05 > 212: st min = 0.75-hwetwe® = 9.37 em#* < lst ok
requirement concerning stiffeners to aviod lateral torsional buckling

torsional moment of inertia of stiffeners IT ~ bsttst® / 3 = 9.96 cm#

polar moment of inertia of stiffeners Ip = bsttst® / 12 + tsrbst® / 12 = 275.00 cm#

It/ lp ~0.036 > 0.006 = 5.3fyst/Est ok
resistance of stiffened webs with transverse compression

area of stiffeners incl. web Ast = (2-bst+twc)tst = 36.40 cm?

radius of inertia of stiffeners i = (Ist/ Ast)1/2 = 80.8 mm

buckling length of stiffeners Ler = hwe = 244.0 mm

slenderness % = Ler / (i-h1) = 0.082 with i1 = n-(Est/fy,et)1/2 = 93.9

% <£0.2 = no deduction (y =1.0)

design value of resistance of flexural buckling Fe,w,Rd = y*Ast-fy,st / ym1 = 777.6 kN

2.2.3. Gk 3: column web in transverse tension

transformation parameter (EC 3-1-8, 5.3(9)) Bj = 1.000 for Mj1 = 100.00 kNm (Mj2 = 0)

Only the essential sizes are sketched to scale.
The connection geometry is only hinted.
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reinforcement of web with transverse stiffeners:
area of stiffeners incl. web Ast = (2-bst+twc)tst = 36.40 cm?
resistance of a column web with transverse tension Ftwe,Rd = Ast-fy,st / ymo = 855.4 kN, fy,st = 235.0 N/mm?

2.2.4. Gk 20: haunched beam in compression

longitudinal compressive stress in the beamsteg ccom,Ed = Nv,d/Ab + My,d/ Ww,b = 178.45 N/mm?

Nv,d = 781.0 kN, Ab=92.3cm2 Myd = 100.0 kNm, Wwb = ly,b/zZwb = 1085.5 cm3, zwb = 122.0 mm
section class of the beam in connection plane (¢ = 1.00):

flange top: section class for ¢/(s-t) = 10.42 (outstand flange): 3

flange bottom: section class for c/(et) = 9.06 (outstand flange): 2

web: section class for c/(st) = 80.99 (internal compression parts): 4

total: section class: 4
transformation into aspect plane (due to beam slope): Lv,gk20 = Lv.cos ab = 478.3 mm, av,Gk20 = 25.00°

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

|r 478

assumption: haunch flange no hazard of buckling
c/t-ratio 10 = 10.00 < c/t = 10.46 < 14.00 = 14¢, &= (235/fy)12 =1.00 = sectionclass 3<3 ok

connection haunch-column: (basic component 7: beam flange and web in compression)
resistance only of compression flange (without web, elastic = section class 3)
haunch flange width b,y = 280.0 mm < max bty = 42:tfv¢ = 546.0 mm (¢ = 1.00) ok
beam height incl. haunch h = hb+hy = 493.0 mm, thickness of flanges tfo = 13.0 mm, ti,y = 13.0 mm
section modulus Wel,y = 1747.307 cm?®
stress for section class 3
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resistance Mc,Rd = Mel,Rd = (Wel,min‘fy) / ym0 = 410.62 kNm, Wel,min = 1747.31 cm?
resistance of a flange (and web) with compression

FefRd = Mc,Rd / (h - tf) = 8565.40 kN, (h - tf) = 480.0 mm

refering to aspect plane Fet,Rd-cos av = 775.26 kN

connection haunch-beam: (basic component 2: Column web in transverse compression)

reinforcement of web with transverse stiffeners:
assumption: stiffeners do not buckle (verification method 'elastic-elastic’ = max. section class 3)
c/t-ratio ¢/t = 10.46 < 33.00 = 33, &= (235/fy)12=1.00 = section class 1 <3 = assumption succeeded !!
minimum demands of the moment of inertia of stiffeners

length of buckling field (distance of stiffeners) a = 478.3 mm

web height between the flanges hwe = de+2-sc = 244.0 mm

moment of inertia of stiffeners lst = (2-bst+twe)?tst / 12 = 2378.13 cm*

minimum moment of inertia for a’hwe = 1.96 = 212: st min = 0.75'hwetwe® = 9.37 cm* < lst ok
requirement concerning stiffeners to aviod lateral torsional buckling

torsional moment of inertia of stiffeners It = bsttst® / 3 = 9.96 cm#

polar moment of inertia of stiffeners Ip = bsttst® / 12 + tst'bst® / 12 = 275.00 cm#

It/ lp ~0.036 > 0.006 = 5.3-4y,st/Est 0k
resistance of stiffened webs with transverse compression

area of stiffeners incl. web Ast = (2-bst+twe)tst = 36.40 cm?

radius of inertia of stiffeners i = (lst / Ast)1/2 = 80.8 mm

buckling length of stiffeners Ler = hwe = 244.0 mm

slenderness % = Ler / (i-h1) = 0.032 with A1 = n-(Est/fy,st)1/2 = 83.9

»<0.2 = no deduction (y = 1.0)

design value of resistance of flexural buckling Fe,w,Rd = y-Ast-fy,st / ym1 = 777.6 kN

refering to aspect plane Few,Rdcot av = 1667.685 kN

total loading capacity of a haunched beam in compression
Fe,v,rd = min(Fe,f,Rd-cos oy, Few,Rdcot av) = 775.26 kN
retransformation (due to beam slope) Fe,v,Rd'cos av/cos av,gk20 = 740.80 kN

resistance of upper beam flange (Gk 7):
stress for section class 4

resistance Mc,Rd = (Weff,min-fy) / ymo = 498.61 kNm, Weff,min = 2121.76 cm?
resistance of a flange (and web) with compression

FefRd = McRd/ (h -t) =993.39 kN, (h -tf) =501.9 mm

2.3. shear resistance

shear resistance of column web
decisive basic component: 1

Vup,Re/Pj = 409.6 kN

2 4. verifications
2.4.1. verification of the connection capacity with partial internal forces and moments

shear force in column web:
Vew,Ed = (Md1,w-Md2,w)/z - Ve/2 = -182.26 kN, Md1,w = 100.0 kNm, Mdz,w = 0.0 kNm
z=501.9 mm

Gk 1:  Frd = Vwp,Rd/Bj=409.8 kKN, FEd = [Vc,w,Edl = 182.26 kN
FEd=182.3 kN < FRda=4096 kN = U=0445 < 1 ok
Gk2: FRd=FewRd=777.6 kKN, FEd=Nb,c=690.84 kN
FEd=B8908 kN < FRa=7776 kN = U=0.888 < 1 ok
Gk 3:  FRd = Ftwe,Rd = 855.4 kN, FEd=Nb,t=-165.32 kN < 0 no verification
Gk 20: FRd = Fe,v,Rd = 740.8 kN, FEd = Nb,c:cos(av) = 598.29 kN
FEd=598.3kN < FRd=740.8kN = U=0.808 < 1 ok

utilization partial internal forces and moments Ugk = 0.888 < 1 ok

2.4.2. verification of welds at beam section

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

weld 1: weld thickness a = 13.0 mm > amax = 0.7 tmin = 9.1 mm !!
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calculation section:

1 1 0
weld1: aw=13.0mm Iw=280.0 mm
weld 4. aw=4.0mm lw =487.9 mm
weld 5:  siehe weld 4
weld6: aw=5.0mm lw=136.0 mm
. weld 7: siehe weld 6
— weld 8 aw=5.0mm lw = 280.0 mm
P | | N,

1 8 0

design values refering to centroid of the section:
Ned = -762.97 kN, Myed =-100.00 kNm, VzEgd =240.56 kN

cross-sectional properties refering to centroid of the line cross-section:
TAw =103.17 cm2, Aw,z=39.03cm?, Zlw=180.8cm
lwy = 48778.31 cm?4, lw,z=4222.77 cm?*, Azw =-35.8 mm

distribution of internal forces and moments:
weld 1:  Nw=-95.47 kN
weld4: Nw=-153.82kN  Myw =-7.94 kNm
weld 5: siehe weld 4
weld 68: Nw=-87.60 kN
weld 7: siehe weld 6
weld 8: Nw=-184.67 kN
from conventionel distribution of shear force: Vzw = 240.56 kN

stresses in weld edges:

weld1, pt.0:  owx=-26.13 N/mm?
weld4, pt.0:  owx=-28.80 N/mm? tw,z=61.63 N/mm?
pt. 1:  owx=-128.83 N/mm2 1wz=61.63 N/mm?
weld 5, pt.0: siehe weld 4
pt. 1:  siehe weld 4
weld8, pt.0: owx=-128.83 N/mm?
weld 7, pt.0: sieheweld6
pt. 1:  siehe weld 6
weld 8, pt.0: owx=-131.90 N/mm?

verifications in weld edges:
verification of weld 1, pt. 0:
stresses on the design area of the weld (« = 45°, ow = ow,x):
os = ow'cos(a) = -18.5 N/mm?
s = ow-sin(a) = -18.5 N/mm?
o1,wEd = (052 + 3:(1s? + 1p2))12 = 3.70 kN/cm?
resistance of a weld (req.1): fiw,d = fu/ (Pw-ym2) = 36.00 kN/cm?
o1,w,Ed = 3.70 kN/em? < fiw,d = 36.00 kN/cm? = U=0.103 < 1 ok
o2,w,Ed = losl = 1.85 kN/cm?
resistance of a weld (req.2): fow,d = 0.9-fu / ym2 = 25.92 kN/cm?
o2,w,Ed = 1.85 kN/ecm? < faw,d =25.92 kN/cm? = U=0.071 < 1 ok
verification of weld 4, pt. 0:
stresses on the design area of the weld (« = 45°, ow = ow,x):
os = ow'cos(a) = -20.4 N/mm?
s = ow-sin(a) = -20.4 N/mm?
T =,z = 61.6 N/mm?
G1,w,Ed = (652 + 3:(1s? + 1p2))1/2 = 11.43 kN/cm?
resistance of a weld (req.1): fiw,d = fu/ (Pw-ym2) = 36.00 kN/cm?
o1,w,Ed = 11.43 kN/cm? < fiw,d =36.00 kN/cm? = U=0.317 < 1 ok
o2,w,Ed = los| = 2.04 kN/cm?
resistance of a weld (req.2): fow,d = 0.9-fu / ym2 = 25.92 kN/cm?
o2,w,Ed = 2.04 kN/cm? < faw,d =25.92 kN/cm? = U=0.079 < 1 ok
verification of weld 4, pt. 1:
stresses on the design area of the weld (« = 45°, ow = ow,x):
os = ow'cos(a) = -91.1 N/mm?
s = ow-sin(a) = -91.1 N/mm?
T =,z = 61.6 N/mm?
G1,w,Ed = (652 + 3-(1s? + 1p2))1/2 = 21.12 kN/cm?
resistance of a weld (req.1): fiw,d = fu/ (Pw-ym2) = 36.00 kN/cm?
c1,wEd =21.12 kN/cm? < fiw,d = 36.00 kN/cm? = U=0.587 < 1 ok
o2,w,Ed = losl = 9.11 kN/cm?
resistance of a weld (req.2): fow,d = 0.9-fu / ym2 = 25.92 kN/cm?
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o2,w,Ed = 9.11 kN/em? < faw,d=25.92 kN/cm? = U=0.351 < 1 ok
verification of weld 6, pt. 0:

stresses on the design area of the weld (« = 45°, ow = ow,x):

os = ow'cos(a) = -91.1 N/mm?

s = ow-sin(a) = -91.1 N/mm?

G1,w,Ed = (652 + 3-(1s? + 1p2))1/2 = 18.22 kN/cm?

resistance of a weld (req.1): fiw,d = fu/ (Pw-ym2) = 36.00 kN/cm?

o1,w,Ed = 18.22 kN/cm? < fiw,d = 36.00 kN/cm? = U=0.506 < 1 ok

o2,w,Ed = losl = 9.11 kN/cm?

resistance of a weld (req.2): fow,d = 0.9-fu / ym2 = 25.92 kN/cm?

o2,w,Ed = 9.11 kN/em? < faw,d=25.92 kN/cm? = U=0.351 < 1 ok
verification of weld 8, pt. 0:

stresses on the design area of the weld (« = 45°, ow = ow,x):

os = ow'cos(a) = -93.3 N/mm?

s = ow-sin(a) = -93.3 N/mm?

G1,w,Ed = (652 + 3-(1s? + 1p2))1/2 = 18.65 kN/cm?

resistance of a weld (req.1): fiw,d = fu/ (Pw-ym2) = 36.00 kN/cm?

o1,w,Ed = 18.85 kN/cm? < fiw,d = 36.00 kN/cm? = U=0.518 < 1 ok

o2,w,Ed = losl = 9.33 kN/cm?

resistance of a weld (req.2): fow,d = 0.9-fu / ym2 = 25.92 kN/cm?

o2,w,Ed = 9.33 kN/ecm? < faw,d =25.92 kN/cm? = U=0.360 < 1 ok

Result:
weld 4, pt. 1:  owx=-128.83 N/mm2 1w,z =61.63 N/mm?
Max: o1,wEd=21.12 kN/em? < fiw,d = 36.00 kN/cm2,
o2,w,Ed = 9.11 kN/cm? < fowd =25.92 kN/em2 = Uw=0587 < 1 ok

2.4 3. verification of web stiffeners / tension plate

design values
NRt = (-Nd-zbu + Md + Va:As) / (z-cos(aw)) = -162.37 kN, z = zp-Astan(ap) = 501.4 mm, zbu =239.4 mm, As =tfe/2 =6.5mm <0
NR,c = (Nd'Zbo + Md + Vd-As) / z =601.40 kN, z =zb=501.9 mm, Zbo =262.5 mm, As =t{/2 =6.5 mm
NR,b = N'b,e'sin(Aav)/cos(uv) = 291.96 kN
column
compression stiffener
Fc,Ed = NR,c =601.40 kN
verification of the welds with the directional method.
dimensions, lever arms, forces per rib
br = bst = 136.0 mm, b1 =bpr-rr = 100.0 mm, eF =bgr-0.5b1 =86.0 mm with rg =36.0 mm
IR=Ist=244.0mm, lh=IR-2rR=172.0mm, eH=IR=244.0 mm, tr=13.0 mm
F =0.5-Fced - (bt-2-r-tw)/bf = 240.6 kN, H=F - er/fen = 84.8 kN
assumption: stiffeners do not buckle (verification method 'elastic-elastic’ = max. section class 3)
c/t-ratio ¢/t = 10.46 < 33.00 = 335, ¢ = (235/fy)12 = 1.00 = section class 1 <3 = assumption succeeded !!
cross-section at flange
compression resistance Ne,Rd = (A-fy) / ymo = 305.50 kN
design value: Fed = (F2 + 3-H2)1/2 =281.8 kN
FEd=2818kN < FRa=3055kN = U=0.923 < 1 ok
cross-section at web
shear resistance Vrd = 430.37 kN
design value: Fed =F =240.6 kN
FEd=2408 kN < FRa=4304kN = U=0559 < 1 ok
flange welds
fillet weld with a = 5.0 mm
design values: Fed(os) = F/ (2:b1) = 12.03 kN/em, Fed(tp) = H/ (2:b1) = 4.24 kN/em
0% decrease of stress by pressure contact
stresses on the design area of the weld: s = 24.06 kN/cm? 1 = 8.48 kN/em?
G1,w,Ed = (65 + 3-(1s? + 1p2))1/2 = 28.18 kN/cm?
resistance of a weld (req.1): fiw,d = fu/ (Bwym2) = 36.00 kN/cm?
o1,w,Ed = 28.18 kN/cm? < fiw,d = 36.00 kN/cm? = U=0.783 < 1 ok
o2,w,Ed = los| = 24.06 kN/cm?
resistance of a weld (req.2): few,d = 0.9-fu / ym2 = 25.92 kN/ecm?
o2,w,Ed = 24.06 kKN/em? < faw,d =25.92 kN/em? = U=0.928 < 1 ok
web welds
fillet weld with a = 4.0 mm
design value: Fed(wp) = F/ (2:11) = 6.99 kN/em
0% decrease of stress by pressure contact
stresses on the design area of the weld: wmp = 17.48 kN/cm?2
o1,w,Ed = (052 + 3:(1s? + 1p2))1/2 = 30.28 kN/cm?
resistance of a weld (req.1): fiw,d = fu/ (Pwym2) = 36.00 kN/cm?
o1,w,Ed = 30.28 kN/em? < fiw,d =36.00 kN/em? = U=0.841 < 1 ok
beam
FcEd = NRb = 291.96 kN
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verification of the welds with the directional method.
dimensions, lever arms, forces per rib
br = 136.0 mm (maximum width), b1 =br-rr=136.0 mm, erF =br-0.5:b1 =68.0 mm with rr=0.0 mm
Ir=h-24=244.0mm, 1 =Ir-2rR =244.0 mm, eH=IrR=244.0 mm, tr = 13.0 mm
F=0.5-Fced=146.0kN, H=F - erfeH =40.7 kN
assumption: stiffeners do not buckle (verification method 'elastic-elastic’ = max. section class 3)
c/t-ratio ¢/t = 10.46 < 33.00 = 83+, &= (235/fy)12=1.00 = section class 1 <3 = assumption succeeded !!
cross-section at flange
compression resistance Ne¢,Rd = (A-fy) / ymo = 415.48 kN
design value: Fed = (F2 + 3:H?)1/2=162.1 kN
FEd=162.1kN < FRd=4155kN = U=0.390 < 1 ok
cross-section at web
shear resistance VRrd = 430.37 kN
design value: Fed=F =146.0 kN
FEd=148.0kN < FRa=4304 kN = U=0.339 < 1 ok
flange welds
fillet weld with a = 5.0 mm
design values: Fed(os) = F/ (2:b1) = 5.37 kN/cm, Fed(tp) = H/ (2-b1) = 1.50 kN/cm
0% decrease of stress by pressure contact
stresses on the design area of the weld: os =10.73 kN/em? 1 = 2.99 kN/em?
o1,wEd = (052 + 3-(1s2 + 1p2))1/2 = 11.92 kN/cm?
resistance of a weld (req.1): fiw,d = fu/ (Pwym2) = 36.00 kN/cm?
o1,w,Ed = 11.92 kN/em? < fiw,d =36.00 kN/cm2 = U=0.331 < 1 ok
o2,w,Ed = losl = 10.73 kN/cm?
resistance of a weld (req.2): fow,d = 0.9-fu / ym2 = 25.92 kN/em?
o2,w,Ed = 10.73 kN/ecm2 < fow,d =25.92 kN/cm?2 = U=0.414 < 1 ok
web welds
fillet weld with a = 4.0 mm
design value: Fed(wp) = F/ (2:11) =2.99 kN/cm
0% decrease of stress by pressure contact
stresses on the design area of the weld: wp = 7.48 kN/cm?2
o1,wEd = (052 + 3-(1s2 + 1p2))1/2 = 12.95 kN/cm?2
resistance of a weld (req.1): fiw,d = fu/ (Pwym2) = 36.00 kN/cm?
o1,w,Ed = 12.95 kN/ecm2 < fiw,d = 36.00 kN/cm2 = U=0.360 < 1 ok

2.4 .4, elastic verification of the shear area

column web as an ideal shear area
requirements concerning stiffeners: s. verification of web stiffeners
requirements concerning shear area; s. verification of buckling resistance
internal forces and moments at web (sign definition of statics):
N3 = -Nc = -240.56 kN, M3 =-Mc =72.39 kNm, V3 =-Vc=-762.97 kN
N4 = -Nd = -762.97 kN, M4 = -(Md+(Vd-Ndtan(a))te/2) = -100.00 kNm, Va4 = Vd=240.56 kN
dimensions of the joint area: Ib = 257.0 mm, |t=258.0 mm, i=478.9 mm, Ir=501.4 mm
joint forces at shear area:
Fba =-580.94 kN, Fia =-182.03 kN, V4 =240.56 kN
Fra =161.39 kN, Fi3 =-401.95 kN, Vb3 =-762.97 kN
internal forces and moments of the edge stiffeners:
Nb =-580.94 kN, Nt =-182.73 kN, Ni=-401.95 kN, Nr=177.31 kN
forces in the shear area:
Tb=182.03 kN, Tt=182.73 kN, Ti=401.95kN, Tr=417.88 kN
dimensions of the shear area (at periphery of stiffeners):
hb = 244.0 mm, ht = 244.9 mm, hi = 465.9 mm, hr = 488.3 mm
stresses within the shear area:
= 93.3 N'mm2, =933 N/mm2, u=107.9 N/mm?2, = =107.0 N/'mm?
verification of the shear area:
max ted = 107.9 N/mm?2 < tRrd = 135.7 N/mm2 = U=0.795 < 1 ok
beam web as an ideal shear area
internal forces and moments at shear area (sign definition of statics):
N4 = -Nd = -762.97 kN, M4 = -(Md+Vatie/2) =-100.00 kNm, Va4 = V4 =240.56 kN
Ns = -Ny,d = -781.04 kN, Ms = -My,d =-100.00 kNm, Vs = Vyd=173.15 kN
dimensions of the joint area: b = 584.9 mm, It=486.0 mm, i=512.6 mm, Ir=257.0 mm
joint forces at shear area:
Fba = -576.56 kN, Fta =-186.41 kN, Fos=-779.62 kN, Fts =-1.41 kN
internal forces and moments of the edge stiffeners:
Nb=194.46 kN, Nt=-185.71 kN, Ni=349.19 kN, Nr=-363.54 kN
forces in the shear area:
Tb=-194.46 kN, Tt=-185.71 kN, T1=-108.62 kN, Tr=-190.39 kN
dimensions of the shear area (at periphery of stiffeners):
hp =577.4 mm, ht =479.4 mm, hi=487.9 mm, hr=244.0 mm
stresses within the shear area:
1 =42.1 N'mm?, =484 Nmm? 1=27.8 N'mm?2, 1r=97.5N/mm?
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verification of the shear area:
max 1ed = 97.5 N'mm?2 < trd=135.7 N/mm?2 = U=0.719 < 1 ok

2.4 .5. verification of buckling resistance

column
requirements concerning stiffeners: s. verification of web stiffeners
verification method 'elastic-elastic’ = valid section class 3
plate buckling: section class of the section 1 <3 ok
shear buckling: hp/tp = 30.50 < 72/(n¢) = 60.00, hp =244.0 mm, tp=8.0 mm ok
beam
requirements concerning stiffeners: s. verification of web stiffeners
verification method 'elastic-elastic’ = valid section class 3
plate buckling: section class of the section 4 > 3 = particular verification is required !!
shear buckling: hp/tp = 80.99 > 72/(n¢) =60.00, hp =487.9 mm, tp = 8.0 mm = particular verification is required !!
method of effective cross-sectional areas
assumption: shear distortions will be ignored.
plate buckling
flange bottom:
pressure plate: a=576.0 mm, b=136.0 mm, t=15.0 mm, o1 =106.8 N/mm2, o2 = 106.8 N/mm?2
one-side supported plated panel: stress ratio ¥ = o2/c1 = 1.000 = buckling factor ks = 0.43
critical buckling stress oer,p = ka'oE = 997.4 N/mm?2 with oE = (r2E2)/(12-(1-p)-b2) = 2312.3 N/mm2
buckling slenderness ratio p = (fy/cerp)1/2 = 0.485
reduction factor for ip < 0.748: p=1
effective width be,eff = pb = 136.0 mm
flange top:
pressure plate: a=576.0 mm, b=136.0 mm, t=13.0 mm, o1 = 18.9 N/mm?, 52 = 18.9 N/mm?
one-side supported plated panel: stress ratio ¥ = o2/c1 = 1.000 = buckling factor ks = 0.43
critical buckling stress cer,p = Ko'oE = 753.8 N/mm? with oE = (r2-E-12)/(12-(1-p)-b?) = 1747.5 N/mm?2
buckling slenderness ratio ip = (fy/oerp)1/2 = 0.558
reduction factor for 3p < 0.748: p=1
effective width be,eff = pb = 136.0 mm
web:
pressure plate: a=576.0 mm, b=487.9 mm, t = 8.0 mm, o1 = 107.8 N/mm?, 52 = 20.2 N/mm?
two-side supported plated panel: stress ratio ¥ = 52/51 = 0.188 = buckling factor ks = 6.63
critical buckling stress cer,p = ko'oE = 338.1 N/mm? with oE = (r2-E-t2)/(12-(1-p)-b?) = 51.0 N/mm?
buckling slenderness ratio ip = (fy/oerp)1/2 = 0.834
reduction factor for 2p > 0.5 + (0.085-0.055:¥)12 = 0.773: p = (hp-0.055-(3+¥))/1p2 = 0.947 < 1
effective width be,eff = pb = 462.2 mm (be1 =192.1 mm, be2 =270.1 mm)
web buckling owing to the flange:
hw/tw = 680.99 < (k-E)/(fy-(Aw/Atc)1/2) = 262.12 ok with k = 0.30 for section class 4,
hw = 487.9 mm, Aw =39.03 cm?, Afc=40.83 cm? _ _
limit loads refering to the reduced cross-section: : S :
centroid distance from top zs,eff = 268.4 mm I
cross-sectional area Aeff = 113.30 cm? ~ 1 %o
second moment of area ly,eft = 55661.10 cm* 2 @
elastic section modulus Wy,eff = 2248.73 cm? o
load capacities NRd = (fy-Aeff) / yM0 = 2662.49 kN
MRd = (fy-Weit) / ymo = 528.45 kNm

Lo
verification: NEd/NrRd+MEed/MRd = 0.287 + 0.189=0.476 < 1 ok
shear buckling
contribution of the web:
buckling factor of shear for a’/hw =1.18 > 1. k: =5.34 + 4/(a/hw)? = 8.21, a =576.0 mm, hw =487.9 mm
critical buckling stress of shear terp = ki'oE = 418.9 N/mm?2 with cE = (n2E12)/(12:(1-p)-b?) = 51.0 N/mm?
modified slenderness iw = 0.76-(fyw/terp) = 0.569, fyw = 235.0 N/mm?
reduction factor for iw < 0.83/m = 0.692: yw=1.200=n
resistance Vbw,Rd = (yw-fyw-hwtw) / (312ym1) = 577.72 kN
contribution of the flanges:
resisting moment solely from the effective flange areas Ms,Rrd = Mt k/ymo = 430.99 kNm
with Mtk = min(Af1, As2)-(hw+(tr1+152)/2) -ty = 430.99 KNm, Af1 = bf1tr1 = 36.54 cm?, As2 = bra'tiz = 42.03 ecm?
Ned > 0: fnf =1 - Ned/((Af1+As2)fy/ymo) = 0.587 < 1 = MiRd = Mt,Rdfn,f = 252.90 KNm
MEed = 100.00 kNm < Ms,Rrd = 252.90 kNm:
flange 1: tr = 13.0 mm, bf=280.0 mm < 2-154fc = 399.5 mm, a =576.0 mm
c = a-(0.25+(1 6:-brte-fyf)/ (tw-hw?fyw)) = 167.1 mm
flange 2: tr = 15.0 mm, bf=280.0 mm < 2-154frc =458.3 mm, a =576.0 mm
c = a-(0.25+(1 &-brte-fyf)/ (tw-hw?fyw)) = 174.5 mm
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resistance Vbt,Rd = (bi-ttyf)/ (c-ym1)-(1-(MEd/M£,Rd)?) = 51.43 kN (flange 1 mafBgeb.)
design value of resistance Vb,Rd = Vow,Rd + Vbf,Rd = 629.2 kN > |lim Vb,Rd = Vb,Rd =577.7 kN
with [im Vb,Rd = (n-fyw-hwtw)/(812ym1) = 577.72 kN
verification; VEd/Vb,rRd=0.416 < 1 ok
interaction not required, da utilization due to shear buckling of the web 13 = VEd/Vbw,ra =0.416 < 0.5

2.4.6. verification result

maximum utilization: max U=0.928 < 1 ok

3. final result
maximum utilization: max U=0.928 < 1 ok

verification succeeded
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