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Abstract: To study the seismic damage behavior of circular reinforced concrete columns strengthened with
pre-stressed Carbon Fiber Reinforced Polymer (CFRP) strips, the Park-Ang damage model was modified by
studying the test data of 13 RC columns, and then the seismic damage model of circular concrete columns
strengthened with pre-stressed CFRP strips was established. According to the nonlinear regression analysis of
axial load ratio, longitudinal reinforcement ratio and double transverse confinement from pre-stressed CFRP strips
and stirrups, the experienced expression of the combination parameter of the recommended model was proposed.
Based on the recommended model, damage indexes corresponding with the feature points of different damage
statuses were calculated, and then the criteria for the classification of seismic performance levels for reinforced
concrete circular columns strengthened with pre-stressed CFRP were concluded. The finite element analysis
results of the damage indexes showed good agreement with the experiment results, which indicates the rationality
of the recommended damage model and the classification standards for reinforced concrete circular columns
strengthened with pre-stressed CFRP.
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Table 1 Material properties

MR ST MR RIEBLR RE )2
KA BiE/GPa HiESRE/MPa HEEE/MPa REE/MPa NAE )5 FEE/mm
C35 31.8 34.2 — 2.60  0.003 —
C40 32.6 40.6 — 2.90 0.003 —
o6 200 — 382 530 0.010 —
$25 200 — 362 542 0.010 —
CFRP 241 — — 3710 0.017 0.167

T T T R S B ) TR, SRR A IR
WA 4. AP R (GRS W% 7k
HIFE) (3GI01-96)VR FH fef 4 AN Br 6 WU | J7 v,
WRPEE IR LT, He KPR h], SO T
—RAEER, FEEMAGE N S0KN, R I UK
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Table 2 Detail parameters of specimens

R4S TR g PR ng IR FARLAME R imm p, /(%) p (%) T IMPa f, IMPa f,, IMPa o S{PHIBSRI LR o,
T1 C40 0.40 A — 150 032 232 3207 362 382 - - 0.00
T2 C40 0.40 CFRP %7 0.00 150 032 232 3207 362 382 0 0.002 17 0.13
T3 C40 0.40 iR 7] CFRP 2% 0.10 150 032 232 3207 362 382 0.10 0.004 32 0.25
T4 C40 0.40 iR 7] CFRP 2% 0.20 150 032 232 3207 362 382 020 0.005 20 031
T5 C40 0.40 iR 7] CFRP 2% 0.30 150 032 232 3207 362 382 0.30 0.007 29 0.43
T6 C25 0.25 iR 7] CFRP 2% 0.20 150 032 232 3207 362 382 020 0.004 87 0.29
T7 C55 0.55 iR 7] CFRP 2% 0.20 150 032 232 3207 362 382 020 0.003 86 0.23
T8 C55 0.55 iR 7] CFRP 2% 0.25 150 032 232 3207 362 382 025 0.006 91 041
T9 C35 0.70 iR 7] CFRP 2% 0.10 150 032 3.00 27.02 350 382 0.10 0.005 76 0.34
T10 C35 0.82 iR 7] CFRP 2% 0.20 150 032 3.00 27.02 350 382 020 0.006 10 0.36
T11 C35 0.70 iR 7] CFRP 2% 0.10 150 032 3.00 27.02 350 382 0.10 0.005 08 0.30
T12 C35 0.82 iR 7] CFRP 2% 0.20 150 032 3.00 27.02 350 382 020 0.007 13 0.42
T13 0.40 0.40  XZTRRIJI CFRP Zkiff  0.20 150 032 232 3207 362 382 0.20 0.005 30 0.31
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Table 3 Dissipation factor £ and damage index D

EREETRE B D,/D De/D D
T1 0.083 0.56 0.44 0.82
T2 0.033 0.70 0.30 1.10
T3 0.031 0.66 0.34 1.15
T4 0.024 0.64 0.36 131
T5 0.188 0.28 0.72 0.51
T6 0.049 0.55 0.45 0.97
T7 0.025 0.77 0.23 117
T8 0.049 0.54 0.46 0.97
T9 0.048 0.59 0.41 0.98
T10 0.050 0.61 0.39 0.97
T11 0.071 0.60 0.40 0.87
T12 0.082 0.50 0.50 0.80
T13 0.049 0.39 0.61 0.96
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Fig.4 Calculated results of the recommended damage model
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Table 4 Damage indexes in different damage statuses

o TR JEMRRL RORTTERA RERBIA A
%' Bibitebs  Sifidebs  Bifidebs Pibiitabs
T2 0.047 0.177 0.715 1.10
T3 0.076 0.161 0.696 115
T4 0.066 0.139 0.727 131
T6 0.069 0.122 0.505 0.97
T7 0.120 0.205 0.800 117
T8 0.089 0.141 0.560 0.97
T9 0.092 0.172 0.869 0.98
T10 0.095 0.157 0.564 0.97
Ti1 0.134 0.213 0.768 0.87
T12 0.064 0.161 0.529 0.80
T13 0.044 0.082 0.566 0.96

5 TRRS CFRP fnE$NARR £ EiE 14 g6 F 5
Table 5 Damage index of reinforced concrete column
strengthened with pre-stressed CFRP
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Table 6 Damage indexes in different damage statuses
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T2 0.182 0.724 1.18
T3 0.166 0.712 1.20
T4 0.142 0.742 134
T6 0.140 0.546 1.02
T7 0.212 0.820 1.22
T8 0.150 0.605 1.03
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