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EXPERIMENTAL STUDY ON DAMAGE MODEL FOR HSC COLUMNS

CHEN Xin, YAN Shi, LI Bing , ZHAO Nai-zhi

(School of Civil Engineering, Shenyang Jianzhu University, Shenyang, Liaoning 110168, China)

Abstract: A new damage model for the high-strength concrete column reinforced with high-strength stirrup is
presented. The effects of axial compression ratio and stirrup ratio on hysteretic characteristics of the high strength
concrete columns reinforced with high strength reinforcement(HSC) and the seismic performance parameters for
the performance based seismic design of HSC columns were investigated. The failure mechanism, ductility, and
hysteretic behavior were analyzed based on the experimental data. The damage index of 12 HSC columns under
different story drifts was calculated using the modified Park-Ang model. According to the damage characteristics
and measurement results, a series of performance parameters and the corresponding limit value that can be used to
evaluate the performance level of HSC columns under earthquake was proposed. It is indicated that the crack
width and stress level of a longitudinal bar, the residual drift and ultimate drift index can be adopted as the key
parameters to appraise the seismic performance of functional, repairable and collapse avoidable capacities,
respectively. The comparison between the calculated damage indices using the proposed model and test results
shows a good agreement. This can be referenced for the performance based seismic assessment of HSC columns.
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Table 1 Test parameters of specimens

Sk Sohs é h Sh
WY R i AR : HIELE  BgsLL
HA%/mm  [A#/mm it 75 e i B/ MPa FA%/mm T HI#E/(%)
1275 10.7
RECTI €90 7.1 50 238 0.380 3.75
235 12
RECT2 €90 7.1 100 1275 12 226 0380 3.75
RECT3 €90 6.5 50 235 12 226 0380 3.75
RECT4 €90 7.1 50 1275 12 226 0380 3.75
RECTS C60 7.1 50 1275 12 226 0.538 3.75
RECT6 €90 7.1 50 1275 12 2.26 0221 3.75
CIRCI €90 7.1 50 1275 l?j 1.95 0342 3.49
CIRC2 €90 7.1 70 1275 l?j 1.95 0342 3.49
CIRC3 €90 7.1 50 1275 12 2.18 0342 3.49
CIRC4 €90 7.1 50 1275 12 2.18 0.479 3.49
CIRCS €90 7.1 50 1275 12 2.18 0.295 3.02
CIRC6 C60 8 50 235 12 2.18 0.295 3.02
MR HE BT, AL A 2000kN it T Tt 150
. s ; . 100
DS4[0 I I 1 i A S R A 7 S = O o e . Z 50
. N Sl — He D Y Y e R
AR BEAE T A 2, Al Hear 28 Hs ) A AR A % £
. \ e
BRAER T4 100
FETIER ] 200kN 7KF- X i) il Hs T T 000, 710 10 ‘ : - "
VSRR . NSNS . -40 -20
P 8, 0 3o 3 15 R Sk MR AR A o
> stz
3, T AR R b (b) IR CIRCI (F3 [l i 25
FERIGLE LAt g i .
22 ?%ﬁﬂLﬁ% ” ‘ 3 B2 o i 2
7 AN AT AR ) SR ] il e 2 B Fig.2 Hysteretic loops of part specimen
CL P53 1 e A 7 o VRS T T BB AT A I AR 200
JERE IR RIRERERE )T o AHIAI PIEME T, 2 k1 ﬁ'
BN AR O - 0 N i B Ry el e i BT Z sl
N . ST . . \ | ~RECTI
AER RV 1S o A R Ze i 3 o, B = 758 +RECT
st — N = I -
B AHIE L 2 BT, R Pe Pys PAYIHN = 100 ~RECTS
WHFRE . TR ARG 5, Ac Ay A, B +RECTS

AR RAAS « JEIRAL AR AR RS, ol
PR SENE R AL P 3wl I, i 2Rk BT 2R,
SR PESEIR NG, Ut WY A5 R P B AR T 1 o ) R AN
LR
150 1
100

50 1
0 L

# PIKN

1

+P

i}
|

W

S
T

{7 F5 A/mm

(a) WA RECTI [ o] i 2

-60-50-40-30-20-10 0 10 20 30 40 50 60

fi# A/mm

(a) JrHEE A

——CIRC1
—==CIRC2
—+—CIRC3
——CIRC4
——CIRCS5
~CIRCS

5 10 15 20 25
{7F%5 A/mm

(b) M S 2k

K3

(EE IS

30 35

Fig.3 Skeleton curve



I 157
R2 P-ABZREGFHES
Table 2  Characteristic points in skeleton curves
. TR PR BRI RO R MR R A dl MBRLLRE ARk R
PJ/KN AJ/mm Py/kN Ay/mm P /kN Ap/mm PJ/kN Ay/mm H=A /Ay
RECT1 61 2.0 120 43 139 9.0 106 31.52 7.33
RECT2 54 1.3 116 33 137 6.9 101 21.75 6.59
RECT3 51 1.8 113 4.7 147 6.7 102 253 5.39
RECT4 66 1.4 128 32 152 8.4 87 21.25 6.64
RECTS 52 1.2 109 32 128 13.2 103 20.51 6.41
RECT6 51 2.1 109 5.4 112 8.5 76 38.34 7.10
CIRC1 60 2.6 129.1 4.1 149.2 8.7 121 30.93 7.543
CIRC2 54 1.7 125.4 3.7 137.6 6.6 90 24.25 6.553
CIRC3 63 2.0 135.8 4.0 154.9 9.1 108 28.54 7.134
CIRC4 55 1.8 147.2 3.5 165.1 7.8 124 22.68 6.479
CIRCS 58 1.7 145.9 3.1 158.6 8.8 116 21.95 7.082
CIRC6 68 2.2 121.9 3.2 139.8 8.1 111 18.71 5.847
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Table 3 Seismic performance levels of columns and damage
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