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Girder with Multiple Holes

FENG Ran'?*, MENG Shang-wei'
(1. School of Civil Engineering, Hefei University of Technology, Hefei 230009, Anhui, China; 2. School of
Civil and Environmental Engineering, Harbin Institute of Technology (Shenzhen), Shenzhen 518055,

Guangdong, China)

Abstract: In order to study the overall stability of H-shaped steel girder with multiple holes under
pure bending load, the rigidities of flange and web were investigated separately. The design rules
for lateral stiffness, warping stiffness and torsional stiffness of H-shaped steel girder with
multiple square holes were derived theoretically to obtain the critical moments of flexural-
torsional buckling. Furthermore, the critical moments of flexural-torsional buckling of H-shaped
steel girder with same cross-section dimensions and different spans under pure bending load were
analyzed by using the finite element software ABAQUS. The results by finite element model were
compared with the results by current design code. The H-shaped steel girder with multiple square
holes were analyzed by verified finite element model, and the results by finite element model were
compared with the results by the derived formulae. The formulae for the critical moments of
flexural-torsional buckling of H-shaped steel girder with multiple square holes were proposed
based on the current design code. The results show that the practical calculation formula of steel
girder with multiple square holes has high accuracy.
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Fig. 1 Sketch of Hole Element in Solid-web Girder
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Tab.1 Inertia Moment About y-axis for Common H-shaped Steel Section
H 40 K 1 785 I, /mm? I,¢/mm’ I./mm* LoI."/% 1Y/ %

HW300X300X10X15 2.25X10* 6. 750107 6.752X107 0.03 99. 97

HW400X 400X 13X 21 6.55X10" 2.240X108 2.241X108 0.03 99. 97

HM294 X200 X 8X12 1.15X10* 1. 600X 107 1. 601X 107 0.07 99.93

HM390 X300X10X16 2.98X10* 7.200X107 7.203 X107 0. 04 99. 96

HN300X150X6.5X9 6.45X10% 5.062 X105 5.068 X106 0.13 99. 87

HN350X175X7X11 9.38X10°% 9. 825X 105 9.834 X106 0.09 99. 91
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Tab.2 Comparisons Between Calculation Results and Finite Element Simulation Results of Flexural-torsional Buckling

Critical Moments for Solid-web Girders

PR /m 5.5 7.5 12.0
L e I RS G % /(N e mm) 1.353% 108 8. 682X 107 4. 78X107
25970 i B2 45 ABAQUS %/ (N + mm) 1.357X108 8. 737107 4.79%107
AR/ % 0.2 0.6 0.2
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Tab.3 Calculation Results of Critical Moments for Solid-web Girders with Multiple Holes

5 kb E3 D/S=17/3 D/S=6/4 D/S=5/5 D/S=4/6 D/S=3/7

M., /(108 N + mm) 5. 345 5. 362 5.376 5.388 5.397

M.,/ (108 N+ mm) 5. 306 5.333 5.353 5.379 5.384

’ M /(108 N+ mm) 5. 388 5.388 5.388 5. 388 5. 388
HXFR 2/ % 0.7 0.5 0.4 0.1 0.2

M, /(108 N + mm) 3.549 3.565 3.579 3.590 3.590

M, /(10% N + mm) 3.566 3.589 3.608 3.633 3. 641

10 M.e /(108 N « mm) 3.650 3. 650 3.650 3.650 3.650
X2/ % —0.5 —0.6 —0.8 —1.2 1.1

M, /(108 N « mm) 1.760 1.775 1.787 1.797 1.805

] M, /(108 N + mm) 1.708 1.732 1.752 1.773 1.784
b M.,/ (108 N « mm) 1.799 1.799 1.799 1.799 1.799
xR 2/ % 2.9 2.4 2.0 1.3 1.1

M, /(10% N + mm) 1.119 1.132 1.143 1.151 1.158

M.,./(108 N+« mm) 1.103 1.129 1.135 1.152 1.160

* M.e /(108 N « mm) 1.171 1.171 1.171 1.171 1.171
A 22/ % 1.4 0.9 0.6 —0.2 —0.1

M, /(107 N + mm) 8. 098 8.211 8. 306 8.383 8. 443

) M.,./(107 N + mm) 8.315 8. 434 8. 546 8.657 8.722
» M.../(10" N « mm) 8. 815 8. 815 8. 815 8.815 8. 815
IR 22/ % 2.6 2.7 2.8 3.2 3.3

M, /(107 N » mm) 6.328 6.428 6.513 6.581 6. 634

M, /(107 N + mm) 6.488 6.593 6.695 6.781 6. 839

0 M.e/ (107 N » mm) 6.921 6.921 6.921 6.921 6.921
AR/ % 2.5 2.5 2.7 3.0 3.0
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Tab.4 Reduction Coefficients of Critical Moments for

Solid-web Girders with Multiple Holes

l/h | D/S=7/3|D/S=6/4|D/S=5/5|D/S=4/6 | D/S=3/7
8 0. 984 0. 989 0.993 0.998 0.999
10 0.976 0.983 0. 988 0.995 0.997
15 0.949 0.962 0.973 0. 985 0.991
20 0.941 0. 956 0.969 0.982 0. 989
25 0.943 0. 956 0.969 0.982 0. 989
30 0.937 0.952 0.967 0.979 0.988
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Tab.5 Comparisons Between Calculation Results from Eq. (13) and Finite Element Simulation Results

B 28 D/S=17/3 D/S=6/4 D/S=5/5 D/S=4/6 D/S=3/17

M../(108 N » mm) 5. 306 5.333 5.353 5.379 5.384

8 Mz /(108 N« mm) 5.074 5. 100 5.118 5.144 5. 149
AT IR 22/ % 4.3 4.3 4.3 4.3 4.3

M, /(108 N + mm) 3.566 3.589 3.608 3.633 3. 641

10 Me13/(108 N+ mm) 3.395 3.412 3.425 3. 442 3. 445
AXF R 22/ % 4.7 4.9 5.0 5.6 5.6

M.,/(10% N » mm) 1.708 1.732 1.752 1.773 1.784

15 Me13/(108 N« mm) 1.718 1.726 1.732 1.741 1.743
IR/ % —0.5 0.3 1.0 1.8 2.3

M.,/(10% N+ mm) 1.103 1.129 1.135 1.152 1.160

20 M5/ (108 N « mm) 1.110 1.115 1.119 1.125 1.126
HIXF R 22/ % —0.7 1.1 1.4 2.2 2.9

M../(10” N » mm) 8.315 8. 434 8. 546 8. 657 8. 722

25 Me13/(107 N+ mm) 8.136 8.176 8. 206 8. 247 8.255
XTI 22/ % 2.1 3.0 3.9 4.7 5.3

M.,/(107 N+ mm) 6.488 6.593 6. 695 6.781 6. 839

30 Mens /(107 N« mm) 6.417 6. 449 6.473 6.505 6.511
HIXTR 2/ % 1.0 2.1 3.3 4.0 4.7
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