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Evaluation of load bearing capacity of H type steel beams with

stub tube reinforced web opening
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Abstract; The paper is a follow-up research of reduced beam section connections with stub tube reinforced web

opening. The AB-AQUS finite element software is used to analyze the static behavior of short beams with web

opening and short beams with stub tube reinforced web opening, under bending, shearing and combined action. It is

demonstrated that stub tubes can significantly increase the shear resistance of the short beam, while just a little

improvement is recorded in moment resistance. Base on the FEM results, formulas considering opening ratio and

thickness of the stub tube for predicting the bending, shearing and combined strength of short beams with stub tube

reinforced web opening are proposed.
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Fig. 1 Simple calculation diagram of the RBS beam
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Fig. 2 Section with tube reinforcement
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Fig. 3 Short beam with web opening
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Fig. 4 Short H type beam with stub tube reinforced

web opening
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Tab.1 Models and their parameters

A4S o/mm ¢/mm |iREFEH%S o/mm /mm

A 105 0 C 135 0
A8 105 8 C8 135 8

Al2 105 12 C12 135 12

Al5 105 15 C15 135 15
B 120 0 D 150

B8 120 8 D8 150

B12 120 12 D12 150 12

B15 120 15 D15 150 15




334 oz o# H R ok ¥ IRAERPREERD $49 %
FLE BT B % b i R SR IR S, = B
235 MPa, E=2.06X10° MPa, v=0.3. AR ol 120
UM C3DSR M58, FAE R & 45 2924 18 mm. 100t
JEAR A7 RS R BRI . 53— S AR = g0
miE 5. 4 B, 2 ol
FEEVA I 2 B DL A A {510 R0 s 525 =l
oy I 5 A1 6 BT A
(()).OO O.IOS O.IIO O.IIS O.IZU

5 WHAHXEFE

Fig. 5 Constitutive relationship of steel
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Fig. 7 Shear stress-equivalent plastic strain curve
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Fig. 10 Deformation distribu-tion diagram of A8
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Fig. 11 Normal stress distribu-tion diagram of A

under bending
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in the tube
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Fig. 13 Transverse normal stress distribution in the tube
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Fig. 14 Deformation distribution diagram of

A under shear
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Fig. 15 Shear stress distribution of A under sheaar
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Fig. 16 Deformation cloud diagram of A8 under shear
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Fig. 17 Shear stress distribution of A8 under sheaar
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Fig. 18 Stress distribution in the tube of A8 under shear
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Tab. 2 Comparison of formula results with the finite element results

) M,.xa/kN « m FEM-(3) /% Vora &N FEM-(4) /%
ENER TR
(3) FEM 3 o)) FEM o))
A 264. 5 264 —0.19 206. 1 216 4. 80
B 258.2 257. 1 —0.43 173.6 177 1.95
C 251 250. 8 —0.08 141.1 141 —0.07
D 242.9 243 0. 04 108. 4 103.1 —4.89
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Tab.3 The finite element results of models

A i Mg /kN + m 55 R iAW 22 0E /0 Via/kN 55 R i AW 220/ V6
A 264 0.0 216 0.0
A8 274.7 4.1 243 12.5
Al2 275. 8 4.5 249 15.3
Al5 276 4.5 261 20. 8
B 257. 1 0.0 177 0.0
B8 271 5.4 207 16.9
B12 272.7 6. 1 213 20. 3
B15 273.6 6. 4 219 23.7
¢ 250. 8 0.0 141 0.0
C8 266.7 6.3 174 23.4
C12 268. 6 7.1 183 29.8
C15 269. 8 7.6 189 34.0
D 243 0.0 103.1 0.0
D8 259 6.6 144 39.7
D12 261.76 7.7 150 45.5
D15 263.1 8.3 153 48.4
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Tab. 4 Comparison of the formula results with the finite element results

M, ra/kN « m FEM-(10) /% Vira kN FEM-(11) /%
XA gn=
(10) FEM FEM [@RD] FEM FEM
A8 275.1 274.7 —0.15 236.9 243 2.57
Al2 276.6 275. 8 —0.29 245.5 249 1.43
Al5 277.6 276 —0.58 252.0 261 3.57
B8 270. 2 271 0. 30 207.3 207 —0.14
B12 271. 8 272.7 0.33 215.5 213 —1.16
B15 273.0 273.6 0.22 221.4 219 —1.08
C8 266.0 266. 7 0. 26 177.9 174 —2.19
C12 267.7 268. 6 0. 34 185.1 183 —1.13
C15 269.0 269. 8 0. 30 190. 5 189 —0.79
DS 260. 2 259 —0. 46 140. 9 144 2. 20
D12 262.1 261.76 —0.13 146. 7 150 2.25
D15 263.5 263.1 —0.15 151. 2 153 1. 19
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Fig. 21 Failure mode under bend-shear load
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Tab. 5 Moment-shear interaction results

Vii/Vira
v 0.2 0.4 0.6 0.8 0.9
9 Mo KX M, M M, M M, M
Mo/RN - e M AN g Mo Mo AN Moo Mo Me AN 5
A8 274.7 249 0.91 225.2 0. 82 198.7 0.72 166. 9 0.61 145.5 0.53
B8 271 249 0.92 226.9 0. 84 202. 4 0.75 173.6 0. 64 154. 3 0.57
C8 266. 7 247. 4 0.93 227.2 0. 85 205. 1 0.77 178. 7 0.67 160. 3 0. 60
DS 259 243. 6 0. 94 225.5 0. 87 205. 4 0.79 180 0. 69 160. 2 0.62
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