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Fig. 1 Geometric dimensions and reinforcement of specimens
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Tab.1 Design parameters of SRRC columns

KOs 5 H(mm) r A n Ow 537827
SRRC1 335 0 1.40 0.6 1.36% LIRvIFSDER1E7N
SRRC2 335 30% 1. 40 0.6 1.36% LIRvIFSYER1E7N
SRRC3 335 70% 1. 40 0.6 1.36% LIRvIFSYER1E7N
SRRC4 335 100 % 1. 40 0.6 1.36% LIRvIFSDER1E7N
SRRC5 335 100% 1. 40 0.3 1.36% SRR
SRRC6 335 100% 1. 40 0.9 1.36% SRR
SRRC7 335 100 % 1.40 0.6 1.02% LIRvIFSYER1E7N
SRRCS 335 100 % 1.40 0.6 2.04% LIRvIFSDER1E7N
SRRCY 445 100% 1.85 0.6 1.36% L E02D
SRRC10 565 100% 2.35 0.6 1.36% L2
SRRCI11 780 0 3.25 0.6 1.36% 4 i IR
SRRC12 780 70% 3.25 0.6 1.36% ik
SRRC13 780 100 % 3.25 0.6 1.36% ERiiiRI 2N
SRRC14 780 100% 3.25 0.3 1.36% 4 i IR
SRRC15 780 100% 3.25 0.9 1.36% 4 i IR
SRRC16 780 100% 3.25 0.6 1.02% L2
SRRC17 780 100 % 3.25 0.6 2.04% i A AR
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Tab. 2 Load characteristic points and displacement ductility coefficient of SRRC columns

WHS  Po(kND) A, (mm)  Py(kN)  A(mm)  Puw (kN A (mm) P(kN) A, (mm)  p=A,/A,

SRRC1 100. 3 0.74 250. 2 3.73 325.5 8.33 276.7 9.92 2. 66
SRRC2 121.6 1.13 263.1 3.69 335.7 7.83 297. 6 9.59 2. 60
SRRC3 112. 4 1.12 268.7 4. 68 331.2 8. 20 282.9 11. 00 2.35
SRRC4 123.0 1. 46 248. 4 4. 68 328. 6 8.27 300. 7 10. 84 2.31
SRRC5 101.1 1. 03 237. 4 4.19 318.6 9.56 270.9 16. 93 4. 06
SRRC6 119.1 1. 06 284.0 4.13 380.7 7.39 333.3 8. 15 2.04
SRRC7 121. 2 1. 34 267.7 4.03 318.7 6.98 298.5 8. 69 2.18
SRRC8 120. 2 1. 05 284. 6 4. 34 354. 8 9.15 338.1 11.99 2.76
SRRCY 79.2 1.19 235.1 5. 30 283.6 10. 49 241.1 14.74 2.77
SRRC10 79.4 1.40 186. 1 5.08 224.8 10. 09 191.1 16. 19 3. 17
SRRCI11 60. 8 1. 44 119. 3 4. 67 146. 9 8. 90 124.9 16. 14 3.47
SRRC12 60. 4 1. 50 117.9 4.28 154. 6 9.68 131.4 14. 32 3.35
SRRC13 49.6 1.37 123.1 5. 24 147.5 8. 99 125. 4 17. 25 3. 30
SRRC14 40.7 1.32 106. 4 5.97 135.7 15.18 115. 3 31.08 5.22
SRRC15 60. 4 1.62 144. 6 5.47 168. 9 8. 47 143.5 11. 99 2.19
SRRC16 41.0 0.97 110. 1 4. 82 142. 4 10. 92 121.1 15. 05 3.13
SRRC17 50. 8 1.71 122. 4 5.90 158.3 12.92 134.5 20. 89 3. 64
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Fig. 3 Typical failure modes of SRRC columns
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Fig. 4 Hysteresis curves of partial specimens
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Tab. 3  Statistical results of lateral shift angles for the test characteristics of SRRC columns
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Tab.4 Energy dissipation factor and damage index proportion of SRRC columns

B 5 r A n O B8 D;/D Dy/D D

SRRC1 0 1. 40 0.6 1.36% 0.126 0. 468 0.532 0.962
SRRC?2 30% 1. 40 0.6 1.36% 0.136 0. 434 0.566 0. 959
SRRC3 70% 1. 40 0.6 1.36% 0.138 0. 499 0.501 0.996
SRRC4 100% 1. 40 0.6 1.36% 0.139 0. 496 0. 504 1.018
SRRC5 100 % 1. 40 0.3 1.36% 0. 040 0. 843 0.157 0.998
SRRC6 100 % 1. 40 0.9 1.36% 0. 240 0. 358 0. 642 1.023
SRRC7 100 % 1. 40 0.6 1.02% 0.222 0. 332 0. 668 0. 852
SRRCS 100 % 1. 40 0.6 2.04% 0.092 0.585 0.415 1. 054
SRRCY 100% 1.85 0.6 1.36% 0.131 0. 464 0.536 1. 029
SRRC10 100 % 2.35 0.6 1.36% 0.124 0. 358 0. 642 1. 045
SRRC11 0 3.25 0.6 1.36% 0.097 0.224 0.776 0.974
SRRC12 70% 3.25 0.6 1.36% 0.114 0.186 0. 814 0.999
SRRC13 100 % 3.25 0.6 1.36% 0.120 0. 230 0.770 1.016
SRRC14 100 % 3.25 0.3 1.36% 0.029 0.433 0. 567 0.768
SRRC15 100% 3.25 0.9 1.36% 0.216 0.139 0. 861 1.048
SRRC16 100% 3.25 0.6 1.02% 0. 141 0.195 0. 805 1. 008
SRRC17 100 % 3.25 0.6 2.04% 0.090 0. 284 0.779 1. 007
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Fig. 5 Effect of design parameters on energy dissipation factor of SRRC columns
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Tab.5 Damage indexes of SRRC columns under different seismic performance levels
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Study of Seismic Damage Model of Steel Reinforced
Recycled Concrete Column Based on Deformation
and Accumulated Energy Dissipation

MA Hui', GUO Ting-ting' ,» XUE Jian-yang?, LIU Yun-he', DONG Jing'
(1. School of Civil Engineering and Architecture, Xi'an University of Technology, Shaanxi 710048, China;
2. School of Civil Engineering, Xi'an University of Architecture and Technology, Shaanxi 710055, China)

Abstract: In order to study the seismic damage performance of steel reinforced recycled concrete
(SRRC) column, according to experimental results of 17 specimens subjected to low cyclic loading,
five state levels were proposed to evaluate the performance levels of SRRC columns, including regular
service state, temporary use state, repair after use, life safety and prevent collapse. Taking the layer
displacement angle as column seismic performance control index, the experimental data were analyzed
by mathematical statistics, and the quantitative indexes of SRRC column under different performance
levels were determined. Based on the mechanical characteristics of SRRC column, the modified Park-
Ang damage model is improved again, and the calculation method of ultimate deformation is
determined under the monotonic loading. Using multivariate regression method, the calculated energy
dissipation factor was obtained; the influence of design parameters on the energy dissipation capacity
of SRRC column was analyzed. Finally, the seismic damage model of SRRC column was establishment
based on the deformation and accumulated energy dissipation. Results show that the calculated
average value of SRRC column damage index in damage state is 0. 986, approaching to 1, which means
small discrete. So it is feasible to evaluate seismic damage of SRRC column by using this damage
model. Based on above results, the corresponding relation between different state levels of SRRC
column and damage index was established and corresponding quantitative indexes were determined.
Above results may provide reference for seismic performance design and seismic damage evaluation of
SRRC column.

Keywords: steel reinforced recycled concrete column; seismic performance; performance level; seismic

damage model; damage index



