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Impact resistance of concrete-filled steel tubular members
under long-term loading

WANG Wenda, CHEN Zhenfu, JI Sunhang
(School of Civil Engineering, Lanzhou University of Technology, Lanzhou 730050, Gansu, China)

Abstract: In order to study the influence of long-term loading on the impact resistance of concrete-filled steel tubular (CFST)
members, a finite element analysis (FEA) model was developed by using the software ABAQUS, which embeds the coupling
analysis of long-term loading and lateral impact loading, along with the calculation of the residual compressive strength after
impacting. The developed FEA models were verified by three tests. Based on the proposed method, the dynamic response of
the CFST members under long-term loading was compared with that under primary loading. The residual compressive strength
coefficient was used to quantitatively compare the residual compressive strength of the CFST members under those two
loading modes and the influences of the steel ratio, steel yield strength, concrete strength, long-term loading ratio, slenderness
ratio on the residual compressive strength coefficient were investigated as well. The results from the FEA show that compared
with the primary loading mode, when considering the long-term loading, the peak and plateau values of the impact force
decrease, the mid-span displacement increases, but the works done by the impact forces under two circumstances are equal.
The work done by the axial load is more than that of the primary loading mode when the long-term loading is included, the
excess work is mainly dissipated due to plastic deformation of the steel and the concrete has little contribution to the energy
dissipation. At the same condition, the members that can continue to bear loads under the primary loading may lose their
bearing capacity when considering the long-term loading. According to the parametric analysis, increasing the steel ratio and
steel yield strength, and reducing the long-term loading ratio can effectively reduce the adverse effects of the long-term loading

on the anti-impact performance of the members, with the increase of the slenderness ratio, the long-term loading will bring
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more adverse effects on the anti-impact performance of the members, the concrete strength has little effects on the impact
resistance of the CFST members.

Keywords: concrete-filled steel tubular (CFST); long-term loading; primary loading; impact; residual compressive strength
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Fig. 1 Load history of a concrete filled steel tubular column
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Table 1 Basic parameters of impact test members
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cCl 180 3.65 1 940 0 0 465.00 9210 1.06 1.00
cC2 180 3.65 1 940 0 0 920.00 6.400 1.07 0.96 SCHk[8]
CS3 180 3.65 2 400 0 0 465.00 7.970 0.98 1.05
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Fig. 5 Comparison of impact force-time history curves of concrete-filled steel tubular members
between tested and calculated results
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Fig. 6 Comparison of displacement-time history curves of concrete-filled steel tubular members
between tested and calculated results
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Fig. 9 Comparison between tested and calculated curves of load-displacement of H-section steel members
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Fig. 12 Axial load-displacement curves of CFST members
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