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Fig. 1 Schematic diagram of steel tubes filled with

different heights of concrete
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Fig.2  Stress-strain model of the steel tube
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Fig.3 Established finite element model
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Table 1 Summary of the test specimens

Prwid D,xt,/mm  f,/MPa  f /MPa H./mm n
72504-n3 250x4 32.9 276 113 0.3
Z3004-n3 300x4 32.9 276 113 0.3
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Fig. 5 Comparison of hysteretic curves and failure modes between test and FEA results
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Table 2 Parameters of the FE models

B TR L PR

(e) AR L RN He

PN D xt,/mm  f../MPa f,/MPa  H./H, n RELSE H /mm  EEAHR/KN R/ mm
72504-30-235-0 250%4 32.9 276 0 0.3 0 55.3 42.0
72504-30-235-1 250x4 32.9 276 1/4 0.3 357.5 71.8 41.3
72504-30-235-2 250%4 32.9 276 2/4 0.3 715.0 87.9 61.6
72504-30-235-3 250%4 32.9 276 3/4 0.3 1072.5 96. 6 61.1
72504-30-235-4 250%4 32.9 276 1 0.3 1430.0 114.6 61.9
72504-30-235-1-N 250%4 32.9 276 1/4 0.6 357.5 71.7 46.0
72504-30-235-2-N 2504 32.9 276 2/4 0.6 715.0 88.0 47.2
72504-30-235-3-N 250%4 32.9 276 3/4 0.6 1072.5 96. 6 46.1
72504-30-235-4-N 250x4 32.9 276 1 0.6 1430.0 115.6 61.2
73004-30-235-1 300x4 32.9 276 1/4 0.3 357.5 103. 1 41.6
Z3004-30-235-2 300x4 32.9 276 2/4 0.3 715.0 132.2 62.0
73004-30-235-3 300x4 32.9 276 3/4 0.3 1072.5 147.0 61.7
73004-30-235-4 300x4 32.9 276 1 0.3 1430.0 182.9 61.8
72504-30-345-1 250%4 32.9 345 1/4 0.3 357.5 9.1 42.5
72504-30-345-2 250%4 32.9 345 2/4 0.3 715.0 110. 4 62.3
72504-30-345-3 250%4 32.9 345 3/4 0.3 1072.5 119.3 62.7
72504-30-345-4 250%4 32.9 345 1 0.3 1430.0 137.3 62.0
Z3004-30-345-1 300x4 32.9 345 1/4 0.3 357.5 134.8 43.1
Z3004-30-345-2 300x4 32.9 345 2/4 0.3 715.0 169. 3 62. 4
73004-30-345-3 300x4 32.9 345 3/4 0.3 1072.5 182.5 61.9
73004-30-345-4 300x4 32.9 345 1 0.3 1430.0 189. 6 62.3
72504-80-235-1 250%4 80.0 276 1/4 0.3 357.5 73.6 42.1
72504-80-235-2 250%4 80. 0 276 2/4 0.3 715.0 96. 6 62.7
72504-80-235-3 250%4 80.0 276 3/4 0.3 1072.5 120. 7 62.0
72504-80-235-4 250%4 80.0 276 1 0.3 1430.0 144.7 63. 1
73004-80-235-1 300x4 80.0 276 1/4 0.3 357.5 106. 4 41.9
73004-80-235-2 300x4 80.0 276 2/4 0.3 715.0 144.9 61.7
73004-80-235-3 300x4 80.0 276 3/4 0.3 1072.5 169. 4 62.8
73004-80-235-4 300x4 80.0 276 1 0.3 1430.0 220.8 61.9
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Fig. 6 Hysteretic load-displacement curves
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Fig. 8  Stiffness degradation curves
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Abstract ;

This study investigates the seismic performance of steel columns with different heights of concrete core fill under the combined action
of axial compression and low-cycle reversed loading. The comparison between finite element modeling and experimental results is
employed to validate the accuracy of finite element modeling method. The fundamental parameters studied in the finite element model
include the height of the core concrete, core concrete strength, steel material strength of the outer steel tube, axial load ratio, and the
diameter-to-thickness ratio of the members, among others, all of which have a significant impact on the seismic performance of steel
columns. The finite element analysis primarily focuses on hysteresis loops, skeleton curves, initial stiffness, stiffness degradation
curves, and energy dissipation capacity. The following findings were obtained: Firstly, the height of the core concrete significantly
influences the seismic performance of steel columns. Steel columns with lower concrete fill heights exhibit lower peak loads and failure
displacements due to the smaller volume of concrete fill. As the concrete height increases from 0. 25 times the column height to 0.5
times the column height, both peak loads and failure displacements increase significantly, along with a notable increase in the total
number of cyclic loading cycles. This underscores the importance of considering concrete filling height in the design of steel columns to
ensure adequate seismic performance. Secondly, the influence of the strength of the core concrete and steel material on seismic
performance is relatively minor. High-strength concrete and steel do not significantly increase the initial stiffness of steel columns. This
suggests that within a certain range, different concrete and steel materials can be chosen without a substantial impact on seismic

performance. However, practical engineering still requires the selection of appropriate materials based on specific strength and stiffness
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requirements. Finally, an increase in the axial load ratio and the diameter-to-thickness ratio of members can enhance seismic
performance to some extent, particularly in terms of energy dissipation capacity. Increasing the axial load ratio improves the load-
carrying capacity of steel columns, while increasing the diameter-to-thickness ratio enhances their stiffness, thereby improving their
seismic performance. Therefore, practical design considerations should comprehensively take these two parameters into account to
optimize the seismic performance of steel columns.

Key words:steel tubular column; concrete; seismic performance; numerical analysis
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