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Fig.1 Construction diagram on the specimens of composite columns(unit: mm)
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Tab.1 Test parameter on the specimens of composite columns

A hE AR T T JPATEE PEASTE FRERMLEOR RUSRECH R L
K%S b /mm he/mm t/mm  &/mm J% t/mm  JEW B/t BURE /Y oW n
SSTSRRC-1 95 80 6 8 4 50. 00 0 5. 00 0. 30
SSTSRRC-2 95 80 6 8 4 50. 00 50 5. 00 0. 30
SSTSRRC-3 95 80 6 8 4 50. 00 100 5. 00 0. 30
SSTSRRC-4 95 80 6 8 2 100. 00 100 5. 00 0. 30
SSTSRRC-5 95 80 6 8 6 33. 30 100 5. 00 0. 30
SSTSRRC-6 83 60 6 8 4 50. 00 100 4. 22 0. 30
SSTSRRC-7 120 100 6 8 4 50. 00 100 6. 30 0. 30
SSTSRRC-8 95 80 6 8 4 50. 00 100 5. 00 0. 20
SSTSRRC-9 95 80 6 8 4 50. 00 100 5. 00 0. 40
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Fig. 2 Cross-sectional forms and dimensions on the specimens(unit: mm)
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Tab.2 Mix proportion design of recycled aggregate concrete

a E L (k 3
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MRS HURR /% W Etl_fi‘@a = A S = 5L
$hok e FI R K KA HLE K 5
0 0.411 576 443 182. 10 0 1171.00 1.75
C40 50 0.433 576 443 192. 00 585. 50 585. 50 1.75
100 0. 456 576 443 202,00  1171.00 0 1.75
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Fig.3 Test loading devices and loading systems on the specimens of composite columns
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Fig.4 Failure modes on the specimens of composite columns
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Fig.5 Hysteretic curves on the specimens of composite columns
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Tab. 3 Mean values of primary load characteristics for the specimens of composite columns

@y

A Jeb IR ARAE A H U (AR A A5 24 (B e B AR AIE 5 {1 7% 4 1
s A,/mm F,/kN Ay /mm Foox/kN A,/mm F./kN ES Sk (-
SSTSRRC-1 7.12 139. 54 16. 52 196. 40 23.61 160. 56 3.32
SSTSRRC-2 7.37 154,92 16. 52 197. 22 23. 48 169. 33 3.18
SSTSRRC-3 8. 60 167.55 18. 00 193. 31 26. 36 165.75 3.06
SSTSRRC-4 8.43 146. 11 16. 52 165. 01 24. 03 146. 66 2.85
SSTSRRC-5 8. 91 206. 84 18. 02 259.79 29. 03 219.59 3.26
SSTSRRC-6 8. 21 151. 77 15. 02 187. 92 22. 48 159. 73 2.74
SSTSRRC-7 9.11 174.68 18. 02 228.28 30. 04 190. 82 3.30
SSTSRRC-8 9.27 159. 30 18. 02 186. 74 30. 04 158.73 3.24
SSTSRRC-9 8.77 172.95 15. 02 209, 57 25. 27 178.13 2.88
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Tab. 4 Hysteretic energy dissipation E; on the specimens of composite columns

B A, 1.254, 154, 1. 84, 2.14, 2.4, 2. 74, 3,04, 3,34,

SSTSRRC-1 2 163.30 4 002.16 6 963.10 11 238.30 16 889.90 23 987.70 32 330.90 41 495.50 51 477.50

SSTSRRC-2 2 147.00 3 596.10 6 066.50 10 160.40 15 661.70 22 510.40 30 463.30 39 773.40 49 807.50
SSTSRRC-3 2 133.20 3592.10 6 056.40 10 079.80 15 635.00 22 500.30 30 334.90 39 722.50 49 798.00
SSTSRRC-4 2 069.60 3 479.30 5 990.40 10 591.10 15 396.80 21 025.80 27 398.50 34 711.10 42 928. 90
SSTSRRC-5 2 253.20 3 799.50 6 865.00 11 201.10 15 936.30 23 208.90 30 397.50 38 862.90 51 247.40
SSTSRRC-6 1 997.70 3 238.30 5013.40 9 333.80 12 396.10 19 119.20 26 619.80 32 915.50 42 021.00
SSTSRRC-7 2 311.00 3 964.20 6 921.60 11 290.90 16 086.80 23 412.70 32 235.10 41 730.10 51 682. 30
SSTSRRC-8 2 431.20 3 984.30 7 052.50 12 722.60 17 882.80 24 756.10 33 848.90 44 107.80 54 599.70

SSTSRRC-9 2 123.40 3 330.90 5 228.30 9 686.80 13 664.60 20 179.60 27 695.20 33 363. 50 -
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Tab. 5 Composite coefficients a of the composite columns’ specimens

HNERK a

14 R P 2 i P T
SSTSRRC-1 0.061 5 0.064 6 0.063 0
SSTSRRC-2 0.055 5 0.064 3 0.059 9
SSTSRRC-3 0.069 5 0.078 3 0.073 9
SSTSRRC4 0.078 7 0.051 3 0.065 0
SSTSRRC-5 0.054 8 0.052 6 0.053 7
SSTSRRC-6 0.070 5 0.070 6 0.070 6
SSTSRRC-7 0.066 9 0.067 6 0.067 3
SSTSRRC-8 0.067 6 0.066 8 0.067 2
SSTSRRC-9 0.056 2 0.062 1 0.059 2
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Tab. 6 Damage calculation indexes on the main load characteristic points of composite columns

o B TS R bR

U4 R P4 B
TR IRASGE i (1A BB AE 1
SSTSRRC-1 0.039 9 0.445 1 1.0
SSTSRRC-2 0.028 8 0.391 9 1.0
SSTSRRC-3 0.033 1 0.430 9 1.0
SSTSRRC-4 0.039 5 0.457 7 1.0
SSTSRRC-5 0.041 9 0.405 5 1.0
SSTSRRC-6 0.040 4 0.364 1 1.0
SSTSRRC-7 0.016 7 0.292 4 1.0
SSTSRRC-8 0.017 1 0.309 1 1.0
SSTSRRC-9 0.028 2 0.304 3 1.0
a= 0.0734+0.01 1.0
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Fig. 8 Influence of design parameters on seismic damage indicators of composite columns
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Tab. 7 Different seismic damage states of composite columns
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Tab.8 Normal use displacement angle limit and guarantee rate of the composite columns
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Tab. 9 Displacement angle limit and guarantee rate for the preventing collapse of composite columns
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Tab. 10 Limit values on the displacement angles of composite columns under different performance levels
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Tab. 11 Damage quantification criteria of the composite columns
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Research on the seismic damage behaviors and calculation
model of steel reinforced recycled aggregate
concrete filled square steel tube columns

ZHANG Qingwen', MA Hui*, ZHANG Guoheng®
(1. The School of Urban Construction. Jiaxing Vocational & Technical College. Jiaxing 314036, Zhejiang. China; 2. School of Civil

Engineering and Architecture, Xi’an University of Technology, Xi’an 710048, Shaanxi, China)

Abstract: To investigate the failure mechanisms and damage behaviour of composite steel-concrete
columns under seismic loading, this study fabricated nine composite column specimens. Through low-
cycle repeated loading tests, the seismic damage characteristics and hysteretic performance indices of
the composite columns were examined. The influence law of parameters such as the width-to-thickness
ratio of square steel tubes, reinforcement ratio, axial compression ratio, and recycled aggregate
replacement rate on the hysteretic performance of composite columns was also studied in detail.
Building upon these findings, and considering the influence of maximum displacement deformation and
hysteretic cumulative energy dissipation on the seismic damage performance of composite columns, the
coefficients of the Park-Ang seismic damage model were modified using an inversion method. This led
to the development of a computational model consistent with the seismic damage characteristics and
patterns of composite columns, enabling a deeper analysis of the evolution of seismic damage indices
under varying design parameters. Based on these findings, the performance levels of composite
columns were categorized into five grades: normal serviceability, temporary serviceability,
serviceability after repair, life safety, and collapse prevention. Integrating the structural condition
levels with seismic damage indicators, this study establishes relationships between the seismic damage
failure state, performance level, repairability, critical displacement angle, and critical damage
indicators for composite columns. Corresponding the critical displacement angles at each performance
level are determined as 1/170, 1/106, 1/50, 1/35, and 1/30. The conclusions of this study provide a
reference for assessing the damage performance of this type of composite column under seismic
loading.

Keywords: composite columns; steel reinforced recycled concrete; concrete filled square steel tube;

seismic damage performance; damage quantification indicators



