POS. 3: BEAM-COLUMN M. STIFFENERN

4H-EC3IH version: 7/2014-1k

Standardized IH-Joints

IH-joint due to EC 3-1-8 (12.10), NA: Deutschland

connection type and dimensions of beam, of bolts, of end-plate, of welds

and material are taken of the following literature:

'"Typisierte Anschllisse im Stahlhochbau nach DIN EN 1993-1-8, Stahlbau Verlags- und Service GmbH, Ausgabe 2013’
the current number and associated parameters are recorded.

the column has no reference to the literature. continuous web stiffeners.

verification method is ’elastic-plastic’. bolts are preloaded.

beam-column connection, steel grade S 235, bolt class of bolts 8.8

76: beam section IPE200, connection type IH1.1, bolt size M16
end-plate:  tp =25 mm, bp =120 mm, hp =220 mm, e1 =50 mm, p1,1 =120 mm, e1n =50 mm
ur =10 mm, utn=10mm, w=70mm, e2=25mm
fillet welds: aw =3 mm, af=5 mm

column: section IPE300, horizontal web stiffeners

internal forces and moments in the intersection point of system axes (sign convention of statics):
Lk 1: M;jb,Ed=20.00 kNm Vj,b,ed = 30.00 kN

Rigid beam connection
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details
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Component method

notes
high strength bolts have to be controlled prestressed, bolt category D (tension), A (shear).
welds are not regarded by calculation the T-stub design resistance.

| Lk 1:

design values

internal forces and moments in the periphery

Mb,ed = -Mjb,Ed - Vjb,Ed-e1 =-24.50 kNm, e1=150.0 mm

Vb,Ed = Vjb,Ed =30.00 kN

internal forces and moments perpendicular to the connection plane

Md = Mp,Ed = -24.50 KNm

Vd = Vb,Ed = 30.00 kN

negative internal moment Md = mirrored joint model

Md = 24.50 kNm, Vg = -30.00 kN

partial internal forces and moments refering to the mirrored model
internal forces and moments in the periphery end-plate-beam: M'd = Md - Vd-tep = 25.25 kN
Nb,t  =-Ndzbu/zb + M'd/zb = 131.85 kN, zb=191.5mm, zbu=95.7 mm
Nb,c = Nd'Zbo/zZb + M'd/zb = 131.85 kN, zb =191.5 mm, zZbo = 95.7 mm

resistance of cross section

plastic cross-sectional check for Med = -25.25 kNm, Ved =-30.00 kN

elastic stresses: max ox = 13.02 kN/em?, min ox = -13.02 kN/cm?2, max = 3.04 kN/cm?, max oy = 13.09 kN/cm?
plastic design resistance moment: Mpi,n, = 50.06 kNm

utilizations: design resistance Us = 0.513 < 1 ok., cft-ratio Uet=0.219 < 1 ok.

connection design capacity

moment resistance

distance between bolt-row(s) in tension and centre of compression:
h1 =155.7 mm, h2 =35.7 mm

design resistance per bolt-row

row 1: Fir,rd = 142.3 kN

row 2: Fir,rd = 93.7 kN

potential failure by basic component 2, 4

moment resistance
Mj,Rd = Z(Ftr,Ra'hr) = 25.5 kKNm
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shear/design bearing resistance

design resistance per bolt-row
row 1: Fvr,rRd = 67.6 kN
row 2: Fvr,rd = 97.3 kN

shear/design bearing resistance
Vj,Rd = ZFvr,Rd = 164.9 kN

shear resistance

Vwp,Rd/B = 329.6 kN
zul Vpi,rd = 0.5 - Av-(fy/31/3) / ymo = 95.0 kN (requirement, s. 'Typisierte Anschllisse’)

total
MjRd = 25.5 kKNm VjRd = 164.9 kN Vup,Rd/p = 329.6 kN Vpi,Rd = 95.0 kN
verifications

verification of the connection design capacity by means of the component method

internal moment: Med = Md = 24.50 kNm
shear force: VEd = [Vdl = 30.00 kN
shear force: Vwp,Ed = Mdw/Z - (Ve1-Ve2)/2 = 181.32 kN, Mdw =24.2 KNm , Z = Zeq=133.3 mm

Med/Mjrd = 0.960 < 1 ok.
pr,Edf(pr‘Rdfﬁ) =0.550 < 1 ok.
Ved/Vpl,Rd = 0.316 < 1 ok.
VEed/Vjrd =0.182 < 1 ok.

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 4: NA-DE: plate thickness tmax = 3 mm: weld thickness a = 3.0 mm < amin = tmax?2 - 0.5 = 4.50 mm !!
weld 5: NA-DE: plate thickness tmax = 3 mm: weld thickness a = 3.0 mm < amin = tmax’2 - 0.5 = 4.50 mm !
design values:

My,Ed = -24.50 kNm, VzEd =-30.00 kN

cross-sectional properties refering to centroid of the line cross section:
YAw = 26.58 cm?, Aw,z=9.54 cm? Xlw=659cm

lwy = 1790.75 cm4, lw,z=165.32 cm?, Azw = 0.0 mm

verifications in the edge points of the individual welds:

weld 1, pt.0: owx=136.81 N/mm? = Uy=0.537 < 1 ok.
weld 2, pt.0: owx=125.19 N/mm?2 = Uy=0492 < 1 ok.
weld 4, pt.0: owx=108.77 N'mm2  1wz=31.45N/mm? = Uy=0.453 < 1 ok.

pt. 1:  owx=-108.77 N/'mm2  w,z=31.45 N/mm? = Uw=0.453 < 1 ok.
weld 8, pt.0: owx=-125.19 N/mm? = Uy=0492 < 1 ok.
weld 8, pt.0: owx=-136.81 N/mm? = Uw=0537 < 1 ok.
Result:
weld 1, pt.0: owx=136.81 N/mm?

o1,w,Ed = 19.35 kN/cm?2 < f1,w,Rd = 36.00 kN/cm?2,

o2,w,Ed = 9.67 kN/cm?2 < fo,w,Rd = 25.92 kN/cm? = Uy=0.537 < 1 ok.

verification of web stiffeners (ribs)

column

compression stiffener

Fe,Ed = 183.73 kN

forces per rib

F =0.5-Fced - (bt-2-r-tw)/bf =69.1 kN, H=F - erfen = 10.4 kN
assumption: stiffeners do not buckle: c/t=7.2.¢ <33 = sectionclass 1<2 ok.
cross section at flange

compression resistance: Fc¢,Rd = (Afy) / ymo = 77.80 kN
design value: Fed = (F2+ 3:H?)12=71.5kN

FEd=715kN < FRa=77.8kN = U=0.818 < 1 ok.
cross section at web

shear resistance: Vp,rd = (fy-Av) / (312ymo) = 321.30 kN
design value: Fed=F =69.1 kN

FEd=69.1 kN < FRa=321.3kN = U=0.215 < 1 ok.
flange welds
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design values: Fed(os) = F/ (2:b1) = 8.88 kN/em, Fed(wp) = H/ (2:b1) = 1.34 kN/em, b1 =39.0 mm
c1,w,Ed = 18.35 KN/cm2 < f1,w,Rd = 36.00 kN/cm2 = utilization U=0.510 < 1 ok.
o2,w,Ed = 17.75 kN/em? < f2,w,Rd = 25.92 kN/cm2 = utilization U =0.685 < 1 ok.
web welds

design value: Fed(wp) = F/ (2:11) = 1.48 kN/em, |1 =233.6 mm

o1,w,Ed = 8.54 KN/cm?2 < f1,w,Rd = 36.00 kN/cm?2 = utilization U=0.237 < 1 ok.
stiffener in tension

Ft,ed = 183.73 kN

forces per rib

F = 0.5-Ft,ed - (bf-2-r-tw)/bf =69.1 kN, H=F - erfen = 10.4 kN

cross section at flange

tension resistance: Ft,Rd = min(Npl,Rd, Nu,Rd) = 77.80 kN

design value: Fed = (F2+ 3:H?)12=71.5kN

FEd=715kN < FRa=77.8kN = U=0.818 < 1 ok.

cross section at web

shear resistance: Vp,Rd = (fy'Av) / (372:ym0) = 321.30 kN

design value: Fed=F =69.1 kN

FEd =69.1 kN < FRa=3213kN = U=0.215 < 1 ok.

flange welds

design values: Fed(cs) = F/ (2:b1) = 8.88 kN/em, Fed(p) = H/ (2:b1) = 1.34 kN/em, b1 =39.0 mm
o1,w,Ed = 18.35 kN/cm2 < f1,w,Rd = 36.00 kN/em?2 = utilization U=0.510 < 1 ok.
o2,w,Ed=17.75 kN/cm2 < f2,.w,Rd = 25.92 kN/em?2 = utilization U=0.685 < 1 ok.
web welds

design value: Fed(wp) = F/ (2:11) =1.48 kN/cm, 11 =233.6 mm

o1,w,Ed = 8.54 kN/cm?2 < f1,w,Rd = 36.00 kN/em?2 = utilization U =0.237 < 1 ok.

verification result

maximum utilization: max U =0.960 < 1 ok.

rotational stiffness

stiffness coefficients

k1 =0.38-Avc/ (Bz) =7.32 mm

k2 = o (stiffened)

equivalent stiffness coefficient for 2 bolt-rows:

ks =2.44 mm, ka4 =18.31 mm, ks =94.57 mm, kio=4.55mm = keff,1 =1/Z(1/ki,1) = 1.440 mm
ks =2.44 mm, ka4 =18.31 mm, ks =94.57 mm, kio=4.55mm = keff2=1/2(1/ki2) = 1.440 mm
keq = Z(keft,rhr) / Zeq = 2.069 mm, Zeq = Z(Keff,rrhr) / Z(Keff,rrhr) = 133.3 mm

rotational stiffness

initial rotational stiffness: Sj,ini = (E-z2) / =(1/ki) = 6022.83 kNm/rad, z = Zeq = 133.3 mm, =(1/ki) = 0.620 mm-1
IMj,Edl =20.00 KNm > 2/3 Mjrd=17.0 kKNm = p=((1.5MjEd)/ MjRd)¥ =1.548, ¥=2.7
rotational stiffness: Sj,Rrd = Sj,ini / p = 3891.2 kNm/rad

rotation: ¢j,Ed = Mj,Ed / SjRd = 0.294°

Final result
maximum utilization: max U=0.960 < 1 ok.
minimum rotational stiffness: min Sj = 3.9 MNm/rad, S;j,ini =6.0 MNm/rad
maximum rotation: max ¢j,Ed = 0.294°

verification succeeded
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