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Study on Seismic Damage Model of Square Steel Tubular

Reactive Powder Concrete Columns
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Abstract: In order to study the seismic performance and seismic damage model of reactive powder
concrete (RPC) filled square steel tubular columns under horizontal low cyclic loading, 125
models of square steel tubular RPC columns with different parameters (steel ratio, axial
compression ratio and slenderness ratio) were established by ABAQUS finite element software,
and the hysteresis curve, skeleton curve, ductility and energy dissipation capacity were analyzed.
Referring to Park damage model and Fu effective energy consumption hypothesis, a two-
parameter damage model based on deformation and effective cumulative hysteresis energy
consumption was proposed, and the damage parameters ¢=0. 851 and g= —0. 508 were obtained
by nonlinear fitting. The study results show that the shapes of the hysteresis curves are regular
and full, indicating that the square steel tubular RPC columns has good deformation capacities

and energy dissipation capacities. The finite element analysis results are in good agreement with
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the experimental results, verifying the correctness of the establishment of the square steel tubular

RPC column models. According to the results of deformation and effective cumulative hysteresis

energy consumption of square steel tubular RPC columns, the damage variable D value calculated

by damage model is close to 1. The final failure mode of the specimen and its damage variable D

value are basically consistent with the damage phenomenon and its corresponding damage variable

D value in the seismic damage level specified in Classification of Earthquake Damage to

Buildings and Special Structures (GB/T 24335—2009) in the damage assessment, indicating

that the damage model can better reflect the seismic damage state of square steel tubular RPC col-

umn.

Key words: square steel tube; reactive powder concrete column; seismic damage model; seismic

performance
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Table 1 Corresponding Relationship Between Failure

Phenomena and Damage Variables
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Table 2 Basic Parameters of Model

+ o T 4 K gy E | A A A
Egﬁfﬁ Wj’j’il@ E?ﬁl:rg B L n | S A0 o | KATE A
200 4 1 000 0.2 0. 085 17.54
200 6 1 200 0.4 0.132 21.05
200 8 1 400 0.6 0.181 24.56
200 10 1 600 0.8 0.235 28.07
200 12 1 800 1.0 0.291 31.57
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Table 3  Finite Element Calculation Results of Square Steel Tubular RPC Column
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FGZ-1 0. 085 24.56 0.6 115. 87 23.56 134. 44 39. 21 67.01 2. 844 113.19 143. 83
FGZ-2 0.132 24.56 0.6 154.11 24.42 175. 38 39.51 69. 68 2.853 126.51 106. 32
FGZ-3 0.181 24.56 0.6 177.62 22.81 209. 88 39. 31 69. 88 3.064 150. 93 87.89
FGZ-4 0.235 24,56 0.6 210.51 23. 86 244. 66 44. 69 65. 81 2.758 190. 04 58. 83
FGZ-5 0.291 24.56 0.6 232.11 23.06 277.54 38. 39 47.29 2.051 203.91 38.63
FGZ-6 0. 085 21.05 0.2 126. 20 19. 38 152. 26 33.47 70. 65 3. 646 152.01 43.90
FGZ-7 0. 085 21.05 0.4 126.78 16. 00 155. 42 27.45 50. 69 3.168 93.09 32.17
FGZ-8 0. 085 21.05 0.6 134.16 16. 80 163.59 34. 35 48.03 2.859 82.90 27.78
FGZ-9 0. 085 21.05 0.8 114. 26 13. 85 137.24 34.43 60. 71 4.383 65.51 47.57
FGZ-10 0. 085 21.05 1.0 94. 85 26. 32 108. 25 41.01 72.24 2.745 53.39 94. 81
FGZ-11 0.181 17. 54 0.4 270. 24 15. 60 302. 86 21.32 35. 27 2.261 76.63 31.33
FGZ-12 0. 181 21.05 0.4 207. 24 18. 24 243. 65 31.98 44,33 2.430 111. 04 40. 84
FGZ-13 0.181 24.56 0.4 177. 00 21.20 203. 54 34. 83 56. 20 2.651 144. 02 49. 04
FGZ-14 0. 181 28.07 0.4 148. 11 23.43 176.53 48. 88 68.19 2.910 195. 69 39. 36
FGZ-15 0. 181 31.57 0.4 134.63 25.68 156. 27 59. 81 81.42 3. 171 206.17 67.31
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Fig. 1 Hysteresis Curves
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Fig.2 Comparison of Skeleton Curves of Specimens Under Different Influence Factors
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Fig.3 Comparison of Energy Consumption Curves of Specimens Under Different Influence Factors
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Fig. 4 Comparison of Hysteresis Curves
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Table 5 Damage Variables of Specimens
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