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Abstract: In order to study the hysteretic behavior of Q690D
high strength steel (HSS) welded box section columns under
cyclic loading, experiments and finite element simulations
were conducted to study the hysteretic response of box section
columns subjected to cyclic loading. From the obtained
hysteretic curves and skeleton curves, it is observed that the
Q690D HHS welded box section columns show a good energy
dissipation capacity and seismic performance. After being
verified by comparing with experimental results, the finite
element(FE) model was employed to investigate the influence
of axial compression ratios, slenderness ratios, width-
thickness ratios of plate on the hysteretic behavior of Q690D
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box section columns. It is notices that the second-order effect
cannot be neglected for Q690D HHS welded box section
columns. Finally, hysteretic models for Q690D HSS welded
box-section columns were proposed based on the results of
experimental study and FE analysis, providing the foundation
for nonlinear seismic analysis of high-strength steel
structures. The proposed hysteretic models are demonstrated
to be able to accurately predict the hysteretic behavior of
Q690D high strength steel column by comparing the
experimental and numerical results.

Key words: Q690D high strength steel (HSS); welded H-
section columns; finite element (FE) analysis; hysteretic

model; second-order effect
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Tab.1 Dimensions of box-section specimens
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Fig.1 Introduction to test load
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Fig.2 Measurement set-up for hox-section specimens(unit: mm)
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REXMGBFERT 206 780 835 0.93
Z KIGRIE 206 620 725 0. 86
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Fig.9 Influence of residual stress
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Fig.10 Failure modes comparison of FE analysis and

experimental results
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Fig.11 Comparison of M- @ hysteretic curves of FE

analysis and experimental result
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Tab.3 Comparison of experimental

and numerical simulation results

B M,/ M,/ M./
4k y P 9 0
zﬂ% ﬁ% (kN . 1’1’1) (kN R m) (kN . m) Mu/My Mu/Mp Hy/A 0u/A M
B-1 591.2 895. 3 870.2 1. 47 0. 97 1.53 4. 34 2.84
4%
BHhR B-2 591.2 895. 3 892.9 1.51 1.0 1.53 4.34 2.84
B-1 591.2 895. 3 942.9 1.59 1.05 1.53 4.31 2.82
]
ARTER B-2 591.2 895. 3 935.1 1.58 1.04 1.53 4.31 2.82
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Fig.14 Influence of flame correction
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Tab.4 Q690D HSS welded box section specimens

RS AT o BEMRUEEE HEK BEM TR L K4 BEN
D/ mm t / mm Lo/ mm ho/t 2 n
B17-35-35 300 16 2 030 16. 8(—) 35(—) 0. 35
B22-35-35 380 16 2 600 21.8(=) 35(—) 0. 35
B26-35-35 440 16 3030 25.5(76) 35(—) 0. 35
B17-20-35 300 16 1160 16. 8(—) 20(— 0. 35
B17-52-35 300 16 3030 16. 8(—) 52(=) 0. 35
B17-60-35 300 16 3 500 16. 8(—) 60 (M) 0. 35
B17-35-20 300 16 2 030 16. 8(—) 35(—) 0. 20
B17-35-50 300 16 2 030 16. 8(—) 35(—) 0. 50
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Fig.15 M-@ hysteretic curves of specimens with different width-thickness ratios of plate
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Fig.16 Skeleton curves of specimens with different Fig.17 Normalized hysteretic energy curves of specimens
width-thickness ratios of plate with different width-thickness ratios of plate
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Fig.18 M-9 hysteretic curves of specimens with different slenderness ratios
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Fig. 20 Normalized hysteretic energy curves of

specimens with different slenderness ratios
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Fig.21 Hysteretic curves of specimens with different axial compression ratios
Pl e gi73520 Bl = B17-35-20
| -a- g -4-B17-35-35
1.0t -4~ B17-35-35 20 2 Bl
-+ B17-35-50 B17-35-50 a
- 0.5 15l Ve
s o < !
101 /
_0_5_
5t
-1.0f '
_].5 1 1 1 1 1 1 1 J
Y 6 -1 2 o0 2 1 & 3 0 2 4 6 8 10 12 14

0%
B 22 AEHELARGEREELL

Tn# B %
B 23 AEISHE L AR 4 E WL E Rk et Hi &
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Tab.5 Summary of results
%g (klltl/IS:/m) (li:I/Il:/m) (kII:I/L:/m) M./My M/My b/% bu/% #
B17-35-35 879.4 1318.0 1495. 1 1.70 1.13 1.03 4.25 4.13
B22-35-35 1459.9 2164. 1 2345.0 1.61 1. 08 1.04 3. 60 3. 46
B26-35-35 1991. 8 2935. 8 2748. 6 1. 38 0.94 1.05 3.20 3.05
B17-20-35 879.4 1318.0 1612.2 1. 83 1.22 0.59 2.95 5.00
B17-52-35 879.4 1318.0 1403. 8 1. 60 1. 07 1.54 5.18 3. 36
B17-60-35 879.4 1318.0 1384.5 1.57 1. 05 1.78 5.70 3.20
B17-35-20 879.4 1445. 8 1598.9 1.82 1.11 1.23 4.73 3.85
B17-35-50 879.4 1121.1 1311.5 1.27 1.16 0.84 2.75 3.27
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Fig.24 Moment-curvature hysteretic model of Q690D

HSS box section columns
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Fig.25 Comparison of experimental curve of box section

specimens with hysteretic model
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