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Analysis of mechanical performanceand damage evaluation of H-
section steel columns during whole impact process

XIE Zongwang'?, WANG Rui'2,/WANG Yuheng'?, ZHAO Hui'2, LI Qian'?
(1. College of Civil Engineering, Taiyuan University of Technology, Taiyuan 030024 China;
2. Shanxi Key Laboratory of Civil Engineering Disaster Prevention and Control, Taiyuan 030024, China)

Abstract: H-section steel columns havebeen widely employed in industrial buildings and parking lots, etc., which are vulnerable
to crane-loading or vehicle collisions. Basedwon above background, the lateral impact model and residual load-carrying capacity
model were established using Abaqus’ finite'element software to analyze the performance of H-section steel columns during and
after impact loading, following’previous experimental studies. Firstly, the working mechanism, including the deformation
characteristics, stress evolution and energy dissipation, was analyzed. Results indicate that under impact loading, the deformation
pattern is mainly dominated by the global deformation, with the local deformation of the upper flange and out-of-plane buckling
of web. The time histony curve of impact force presents an obvious plateau phase, and the existence of the pre-axial loading
obviously reduces/theNimpact resistance of the specimens. In general, H-section steel columns exhibit favorable ductility
performance during impact loading. Subsequently, a total of 108 parametric models were developed, and the influences of load
parameters (impact mass, impact velocity and axial load ratio), material parameter (steel yield strength) and geometric parameters
(sectional area and specimen length) on the impact force, deformation, and residual load-carrying capacity were emphatically
studied. The results show that as the impact mass, impact velocity, and pre-axial loading ratio increased, both the global and local

deformations of H-section steel column increased, while the residual bearing capacity decreased. Finally, by considering the
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multi-factor interactions, the formulas for predicting global deformation and local deformation during impact and the residual
load performance after impact were presented by using response surface method. Results show that pre-axial loading is a key
factor affecting global deformation, while the impact velocity affect local deformation. In addition, both the pre-axial loading and
impact velocity significantly interact with other parameters. The proposed formulas can be employed for the damage evaluation
and design of H-section steel columns during the whole impact process.

Keywords: H-section steel; impact-resisting performance; residual load-carrying capacity; finite element (FE) analysis; the

plateau impact force; whole process analysis
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Table 1 Specimen parameters

Y B L ey TR R Ei-Sarksice
n mo /Kg v /(m/s) Hy/m E /K]
H-0-a - - - -- -
H-2.5-0-a 0 521 7 2.5 12.8
H-2.5-0-b 0 521 7 2.5 12.8
H-2.5-0-¢ 0 521 7 2.5 12.8
H-2.5-0.2-a 0.2 521 7 2.5 12.8
H-2.5-0.2-b 0.2 521 7 2.5 12.8
H-2.5-0.4-a 0.4 521 7 2.5 12.8
H-2.5-0.4-b 04 521 7 2.5 12.8
H-3-0-a 0 521 7.67 3 15.3
H-3-0-b 0 521 7.67 3 15.3
H-3-0.2-a 0.2 521 7.67 3 15.3
H-3-0.4-a 0.4 521 7.67 3 5 15.3

e WS 2.5 53 REBE R R L, “07.<0.2" 504" REFUNFIE L, “a” b 5 e RR FIZH 3 AN E &
2 WHNHER <§b
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Ps -0.094 0.014
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Do -0.013 -9.92x10+
pu 5.770 2.420
P12 -0.004 -1.183
P13 -0.086 -4.24x10*
P4 4472 1.866
Dis -0.002 1.26x107
Pis 1.8x10° -
P17 -1.13x1073 -
Pis 403.832 -

F 115.01 60.51

P <0.0001 <0.0001
R? 0.982 0.956

Adj R? 0.973 70.940
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