POS. 3: SK'09, KUHLMANN, 4.7, S$.418

detailed problems acc. to Eurocode 3
EC 3-1-5 (12.10), NA: Deutschland

steel grade
steel grade S 355
cross-section
beam: section parameters (box section):
h =2424.0 mm, tw=8.0 mm (2x), bf=2716.0 mm, bi=22.0 mm, tf=12.0 mm
longitudinal stiffeners:
beam web: number nst = 2
section parameters (trapezoidal section):
h=230.0mm, bf=135.0 mm, t=8.0 mm, b =300.0 mm
distance of the first stiffener to the top edge of beam dst,0 = 712.0 mm
constant distance of stiffeners dst = 1000.0 mm
flange top: number nst = 3
section parameters (trapezoidal section):
h=275.0mm, bf=135.0mm, t=6.0 mm, b =300.0 mm
distance of the first stiffener to the edge of flange right (without projection) dst,0 = 608.0 mm
constant distance of stiffeners dst = 750.0 mm
flange bottom: number nst = 3
section parameters (trapezoidal section):
h=275.0mm, bf=135.0mm, t=6.0 mm, b =300.0 mm
distance of the first stiffener to the edge of flange right (without projection) dst,0 = 608.0 mm
constant distance of stiffeners dst = 750.0 mm
parameters
length of buckling field a = 400.0 cm
method of effective cross-sectional area
rigid support stiffener
verification at intermediate support
effective girder length (shear distortion) Le = 2890.0 cm
calculation of buckling factors acc. to EC 3-1-5
overall buckling fields as equivalent orthotropic plate (three or more longitudinal stiffeners)
effective cross-section values from resulting distribution of longitudinal stresses
verification of stability acc. to EC 3-1-1, 6.3

loading
internal forces and moments refering to the stiffened cross-section:

Lk 1: Mgd=-29850.0 kNm VEd = 3300.0 kN
partial safety factors for material

resistance of cross-sections ymo = 1.00

resistance of members in stability failure ym1 =1.10

P

My, Ed ’
-

N V2 Ed
I i .

verifications of buckling resistance

assumption: flange induced web buckling is excluded.

assumption: local buckling of stiffeners is excluded.

assumption: rotational ability of stiffeners for stress redistribution is sufficient.
assumption: plate area is supported rigidly.
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| Lk 1:

method of effective cross-sectional area
EC 3-convention, compressive stresses positive

shear distortion

flange top: bo = bie/2 = 1354.0 mm = Le/50 =578.0 mm:

factor Put = p=0.985, p=0.759, «=0.06

effective width beff = 2-puirbo = 2675.2 mm, pult = 0.985

flange bottom: bo = bru/2 = 1354.0 mm = Le/50 = 578.0 mm:

factor Put = p=0.985, p=0.759, «=0.06

effective width beff = 2-puirbo = 2675.2 mm, pult = 0.985

replaced width from shear distortion bfo = 2675.2 mm, bfu = 2675.2 mm
cross-sectional properties: A = 1483.12 cm?, zs = 1212.0 mm, ly = 14573090.09 cm#, ys = 0.0 mm, |z = 14603346.59 cm*
maximum/minimum stresses: co = -248.3 N/mm?, oy = 248.3 N/mm?, t = 85.9 N/mm?
section class: 4 = verification of plate buckling required !!

plate buckling
effective cross-sectional area
after 3 iteration steps:
web:
single buckling field 1:
effective width bteff = b = 552.8 mm
buckling fields of stiffener 1: stiffener in tension zone
single buckling field 2:
section class 4 for o = 0.656 and 69.46 < c/t = 88.20
critical buckling stress cer,p = ko'oE = 336.5 N/mm?, oE =24.4 N/mm?, ks =13.79
buckling slenderness ratio ip = (fy/cerp)1/2 = 1.027
reduction factor p = (kp-0.055:(3+y))/hp? = 0.844 < 1 for ip > 0.5 + (0.085-0.055)12 = 0.837, = -0.524
effective width be,etf = (p'b) / (1-y) =391.0 mm (be1 = 156.4 mm, be2 = 234.6 mm), btefi =242.6 mm, y =-0.524
buckling fields of stiffener 2: local buckling excluded ok.
single buckling field 3:
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section class 4 for 39.76 < ¢/t =69.10
critical buckling stress cerp = ko'oE = 200.2 N/mm?2, o = 39.7 N/mm?2, ke =5.04
buckling slenderness ratio ip = (fy/oer,p)1/2 = 1.332
reduction factor p = (hp-0.055-(3+y))/3p2 = 0.640 <1 for kp > 0.5 + (0.085-0.055y)12 = 0.731, =0.578
effective width be,eff = pb = 353.8 mm (be1 = 160.0 mm, be2 = 193.8 mm)
overall buckling field, stiffener 1:
stiffener in tension zone = p=1
effective widths of adjacent buckling fields b1,e2,eff = pb1,c.eff = 276.4 mm, bze1,eff = p-b2,ceff = 234.6 mm
effective area of stiffener Asl,eff = p-Ast = 48.77 cm?

overall buckling field, stiffener 2:
EC 3-1-5, appendix A.2.2 (fictitious member with elastic bedding):

critical buckling stress cer,p = Ger,p,sl'c1/osl = 2046.8 N'mm?, oci/osi = 2.147, oerp,sl = 953.2 N/mm?
buckling slenderness ratio ip = (Ba-fy/cerp)1’2 = 0.395, PA = Asl,eff/ Asi = 0.901
reduction factor p =1 for ip < 0.5 + (0.085-0.055-y)1/2 = 0.862,  =-0.832
critical buckling stress cer,c = Gere,sl'61/os1 = 2031.1 N/mm?, ci/osi = 2.147, oercsl = 945.9 N/mm?
buckling slenderness ratio e = (BA-fy/cer,c)12 = 0.397, PA = Asl,eff/ Asi = 0.901
reduction factor 3¢ =0.911 <1 foric>0.2
final reduction factor p = (p-1¢)-£:(2-8) + ¢ = 0.913 with £=0.008
osl = 142.1 N'mm? < p-fyfym1 = 294.5 N/mm2 = rotational ability of stiffener sufficient ok.
effective widths of adjacent buckling fields bz,e2.eff = pb2,c.eff = 142.7 mm, b3,e1,eff = p-b3,ceff = 176.9 mm
effective area of stiffener Asl,eff = p-Ast = 44.51 cm?
flange induced web buckling:
hw/tw = 300.00 < (k-E)/(fy-(Aw/Afc)1/2) = 355.84 ok. with k=0.55, Aw=192.00 cm?, Atc = 160.51 cm?
flange top:
stresses at edge of plate 6o = -255.2 N/'mm? < 0, ou = -255.2 N/mm2 < 0 = no buckling !!
flange bottom:
single buckling field 1:
section class 4 for 34.17 < ¢/t = 35.91
critical buckling stress cerp = ko'oE = 588.7 N/'mm2, ok = 147.2 N/mm2, ks = 4.00
buckling slenderness ratio ip = (fy/oerp)1/2 = 0.777
reduction factor p = (hp-0.055-(3+y))/hp2 = 0.923 <1 for kp > 0.5 + (0.085-0.055y)12 = 0.673, = 1.000
effective width be,etf = pb = 397.7 mm (be1 =198.9 mm, be2 =198.9 mm)
buckling fields of stiffener 1: local buckling cannot be excluded
single buckling field 2:
section class 4 for 34.17 < ¢/t = 37.72
critical buckling stress cerp = ko'oE = 533.5 N/mm?2, o = 133.4 N/mm2, ks =4.00
buckling slenderness ratio ip = (fy/oerp)1/2 = 0.816
reduction factor p = (hp-0.055-(3+y))/hp2 = 0.895 < 1 for kp > 0.5 + (0.085-0.055y)12 = 0.673, = 1.000
effective width be,etf = pb = 405.3 mm (be1 =202.6 mm, be2 =202.6 mm)
buckling fields of stiffener 2: local buckling cannot be excluded
single buckling field 3:
section class 4 for 34.17 < ¢/t = 37.72
critical buckling stress cerp = ko'oE = 533.5 N/mm?2, o = 133.4 N/mm2, ks =4.00
buckling slenderness ratio ip = (fy/oerp)1/2 = 0.816
reduction factor p = (hp-0.055-(3+y))/hp2 = 0.895 < 1 for kp > 0.5 + (0.085-0.055y)12 = 0.673, = 1.000
effective width be,etf = pb = 405.3 mm (be1 =202.6 mm, be2 =202.6 mm)
buckling fields of stiffener 3: local buckling cannot be excluded
single buckling field 4:
section class 4 for 34.17 < ¢/t = 35.91
critical buckling stress cerp = ko'oE = 588.7 N/'mm2, ok = 147.2 N/mm2, ks = 4.00
buckling slenderness ratio ip = (fy/oerp)1/2 = 0.777
reduction factor p = (hp-0.055-(3+y))/hp2 = 0.923 <1 for kp > 0.5 + (0.085-0.055y)12 = 0.673, = 1.000
effective width be,etf = pb = 397.7 mm (be1 =198.9 mm, be2 =198.9 mm)

overall buckling field, stiffener 1:
EC 3-1-5, appendix A.1 (equivalent orthotropic plate):

critical buckling stress cerp = ko'oE = 1035.7 N/mm2, o = 3.9 N/mm?2, ke = 267.97

buckling slenderness ratio ip = (Ba-fy/cerp)1/2 = 0.575, PA = Asl,eft/Asl = 0.963

reduction factor p =1 for kp < 0.5 + (0.085-0.055-y)12 = 0.673, v = 1.000

critical buckling stress oer,c = Gere,sl'c1/osl = 1117.7 N'mm2, o1/cs1 = 1.000, oceresl = 1117.7 N/mm?
buckling slenderness ratio ie = (BA-fy/cer,c)/2 = 0.553, PA = Asl,eft/Asl = 0.963

reduction factor 3¢ =0.825 <1 foric>0.2

final reduction factor p = (p-1¢)-£:(2-5) + yc = 0.825 with £=0.000

osl = 306.5 N/mm?2 > p-fy/ym1 = 266.2 N/mm? = rotational ability of stiffener not sufficient

effective widths of adjacent buckling fields b1,e2,eff = pb1,c.eff = 164.0 mm, bz,e1,eff = p-b2,ceff = 167.1 mm
effective area of stiffener Asl,eff = p-Ast = 34.56 cm?

overall buckling field, stiffener 2:
EC 3-1-5, appendix A.1 (equivalent orthotropic plate):

critical buckling stress cerp = ko'oE = 1035.7 N/mm2, o = 3.9 N/mm?2, ke = 267.97
buckling slenderness ratio ip = (Ba-fy/cerp)1/2 = 0.573, PA = Asl,eft/Asl = 0.957
reduction factor p =1 for kp < 0.5 + (0.085-0.055-y)12 = 0.673, v = 1.000
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critical buckling stress oer,c = Gere,sl'G1/osl = 1110.3 NF'mm2, o1/cs1 = 1.000, oeresl = 1110.3 N/mm?
buckling slenderness ratio ie = (BA-fy/cer,c)/2 = 0.553, PA = Asl,eft/Asl = 0.957

reduction factor ¢ =0.824 <1 forhc>0.2

final reduction factor p = (p-1¢)-£:(2-5) + yc = 0.824 with £=0.000

osl = 306.5 N/mm?2 > p-fy/ym1 = 266.1 N/mm? = rotational ability of stiffener not sufficient

effective widths of adjacent buckling fields bz,e2.eff = pb2,c.eff = 167.1 mm, b3 e1,eff = p-b3,ceff = 167.1 mm
effective area of stiffener Asl,eff = p-Ast = 34.55 cm?

overall buckling field, stiffener 3:
EC 3-1-5, appendix A.1 (equivalent orthotropic plate):

critical buckling stress cerp = ko'oE = 1035.7 N/mm2, o = 3.9 N/mm?2, ke = 267.97
buckling slenderness ratio ip = (Ba-fy/cerp)1/2 = 0.575, PA = Asl,eft/Asl = 0.963
reduction factor p =1 for kp < 0.5 + (0.085-0.055-y)12 = 0.673, v = 1.000
critical buckling stress oer,c = Gere,sl'c1/osl = 1117.7 N'mm2, o1/cs1 = 1.000, oceresl = 1117.7 N/mm?
buckling slenderness ratio ie = (BA-fy/cer,c)/2 = 0.553, PA = Asl,eft/Asl = 0.963
reduction factor 3¢ =0.825 <1 foric>0.2
final reduction factor p = (p-1¢)-£:(2-5) + yc = 0.825 with £=0.000
osl = 306.5 N/mm?2 > p-fy/ym1 = 266.2 N/mm? = rotational ability of stiffener not sufficient
effective widths of adjacent buckling fields ba,e2 eff = p-b3,c.eff = 167.1 mm, ba,e1,eff = p-ba,ceff = 164.0 mm
effective area of stiffener Asl,eff = p-Ast = 34.56 cm?
limit loads refering to the reduced cross-section:
res. stresses oo = -256.6 N/mm?2, ou = 308.0 N/mm?
distance of centroid from top zs,eff = 1101.7 mm
cross-sectional area Aeff = 1318.66 cm?
second moment of area ly,eff = 12816639.18 cm*
section moduli of the pin Wy,eff,o = 116970.57 cm?3, Wy,eff,u = 97369.78 cm?
load capacities NRd = (fy-Aeff) / yM1 = 42556.90 kN
MRd,o = (fy-Wetf,o) / yM1 = 37749.59 KNm, MRd,u = (fy-Weff,u) / ym1 = 31423.88 kNm
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verification
IMedl/MRd,u=0.950 < 1 ok.

shear buckling

single buckling field 1:
shear buckling: hw/tw = 69.10 > 72-¢/n = 48.82 = particular verification is required !!
buckling factor of shear for a’lhw = 7.24 > 1. k: = 5.34 + 4/(a/hw)? = 5.42
critical buckling stress of shear terp = ke'oE = 215.3 Ni'mm?, o = 39.7 N/mm?2
modified slenderness hw = 0.76:(fy/terp) = 0.976
reduction factor yw = 0.83/iw = 0.850 for 0.83/m =0.692 <iw < 1.08
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resistance Vbw,Rd = (;w-fy-hwtw) / (312-ym1) = 3042.57 kN
2 webs = VbwRd =6085.14 kN
design value of resistance Vb,Rd = Vbw,Rd = 6085.1 kN
buckling field at the stiffener 1:
shear buckling: hw/tw = 36.80 < 72:s/n = 48.82 ok.
single buckling field 2:
shear buckling: hw/tw = 88.20 > 72:¢/n = 48.82 = particular verification is required !!
buckling factor of shear for a’lhw =5.67 > 1: k: =5.34 + 4/(a/hw)? =5.46
critical buckling stress of shear terp = ki'oe = 133.3 N/mm?2, ok = 24.4 N/mm?2
modified slenderness hw = 0.76:(fy/terp) = 1.240
reduction factor yw = 1.37/(0.7+kw) = 0.706 for hw = 1.08
resistance Vbw,Rd = (;w-fy-hwtw) / (312-ym1) = 2526.10 kN
2 webs = VbwRd =5052.20 kN
design value of resistance Vb,Rd = Vbw,Rd = 5052.2 kN
buckling field at the stiffener 2:
shear buckling: hw/tw = 36.80 < 72:s/n = 48.82 ok.
single buckling field 3:
shear buckling: hw/tw = 89.10 > 72:¢/n = 48.82 = particular verification is required !!
buckling factor of shear for a’lhw =7.24 > 1: k: =5.34 + 4/(a/hw)? =5.42
critical buckling stress of shear terp = ki'oe = 215.3 N/mm?2, ok = 39.7 N/mm?2
modified slenderness hw = 0.76:(fy/terp) = 0.976
reduction factor yw = 0.83/iw = 0.850 for 0.83/m =0.692 <’iw < 1.08
resistance Vbw,Rd = (;w-fy-hwtw) / (312-ym1) = 3042.57 kN
2 webs = VbwRd =6085.14 kN
design value of resistance Vb,Rd = Vow,Rd = 6085.1 kN
overall buckling field:
shear buckling: hw/tw = 300.00 > 31-c'k:1/2/n = 88.23, k:=18.02 = particular verification is required !!
contribution of the flanges:
resisting moment Mf,Rd = fn,e-Mtk/ymo = 28444 .8 kKNm, Mk = 28444.8 kNm, fne=1.00
Med = Mt,Rrda: flanges fully exploited, resistance Vbf,rd = 0
contribution of the web:
buckling factor of shear for a/hw = 1.67 < 3: k; = 4.1 + (6.340.18ls/ (hwtw?)}/(a/hw)2 + 2.2-(Is (hwtw?))1/® = 18.02
critical buckling stress of shear ter,p = keoe = 38.0 N'mm2, o = 2.1 N/mm?
modified slenderness iw = 0.76-(fy/ter,p) = 2.323
reduction factor yw = 1.837/(0.7+iw) = 0.453 for hw = 1.08
resistance Vow,Rd = (ywfy-hwtw) / (312ym1) = 1621.43 kN
2 webs = Vbw,Rd = 3242.86 kN
design value of resistance Vb,Rd = Vbw,Rd = 3242.9 kN
load capacities Vb,Rd,min = 3242.9 kN, Vbw,Rd,min = 3242.9 kN
verification: VEd/Vb,Rd,min = 1.018 > 1 not ok. !!

interaction between shear, internal moment and axial force

utilization due to shear buckling of the web n3 = VEd/Vbw,Rd,min = 1.018 > 0.5

utilization due to plate buckling n1 = Med/Mpl,Rd = 0.673 > n1,lim = Mf,Rd/Mpl,Rd = 0.641
with Mpl,Rd = 44352.9 kNm, M Rd = 28444.8 kNm

verification: n1 + (1-n1,lim)-(2m3-1)2=1.057 > 1 not ok. !!

total utilization: U=1.057 > 1 not ok. !!
assumptions not succeeded !!

Final Result
maximum utilization: max U =1.057 > 1 not ok. !!
assumptions: not succeeded !

design resistance not ensured !!

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
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DIN EN 1993-1-1/NA, Nationaler Anhang zur DIN EN 1993-1-1, Ausgabe Dezember 2010

DIN EN 1993-1-5, Eurocode 3: Bemessung und Konstruktion von Stahlbauten -
Teil 1-5: Plattenformige Bauteile;
Deutsche Fassung EN 1993-1-5:2006 + AC:2009, Ausgabe Dezember 2010
DIN EN 1993-1-5/NA, Nationaler Anhang zur DIN EN 1993-1-5, Ausgabe Dezember 2010
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