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Response Behavior of RC Column and Steel-tube Strengthened RC Col-

umns with Small Shear-to-span Ratios under Multiple Impacts
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(School of Civil Engineering, Hunan University of Science and Technology, Xiangtan 411201, China)

Abstract: In recent years, the risk of reinforced concrete (RC) piers being hit by vehicles and ships
has gradually increased, and the collision of vehicles and ships on the RC columns generally occurs
near the ground level or pile cap, which results in brittle shear failure of the columns under the condi-
tion of small shear-to-span ratios. As concrete-filled steel tubes with good mechanical properties are
widely used in engineering practice, their impact resistance under small shear-to-span ratios also needs
more in-depth study. To further study the shear damage mechanism of RC columns with small shear-
span ratios and the enhancement effect of steel tubes on the shear performance of RC columns, lateral
impact tests were conducted on an RC column, an internal steel-tube strengthened RC column, and
an external steel-tube reinforced RC column, respectively, using a large rigid pendulum device. The

damage characteristics, impact force, and displacements of the specimens were investigated. The re-
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sults show that RC column experienced shear failure after two impacts, while the two steel tube rein-

forced RC columns remained in comparatively better overall conditions even after two additional high-

energy impacts, highlighting that the steel tubes can effectively improve the impact resistance of the

RC column; Furthermore, with an identical sectional steel ratio, the external steel-tube reinforced

RC column demonstrated generally stronger impact resistance than the internal steel-tube reinforced

one. But the internal steel tube was more effective in mitigating the shear damage of the core concrete ;

Given that the external steel-tube reinforced RC column presented the highest overall and surface stiff-

ness among the three specimens, it would also place higher demands on the bearing capacity and stiff-

ness of the adjacent members.

Keywords: small shear-to-span ratio; steel-tube strengthened RC column; lateral impact; dynamic re-

sponse; shear resistance
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Fig.1 Tllustration of geometric dimensions and reinforcements of specimens

F1 WM B
Table 1 Material properties of steel

N WM EAA(WE  EREE/ R/
g
BEJE ) /mm MPa MPa
HRB400 14 487.3 665.7
HPB300 6 372.0 514.0
N E 5.5 320.0 602.0
A E 3.5 310.0 574.0
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Fig.2 Pendulum impact test device and measurement scheme
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Table 2 Correlation among pendulum lift angle, impact

velocity, and impact energy

PR THAE /() phidi B /(mes ) ol ERL /K]
30 2.26 0.80
60 4.60 3.33
90 6.68 7.02
120 8.30 10.84
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Fig.7 Time histories of impact force for each specimen
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Table 3 Main test results
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