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Experimental study on seismic deformation index limits of T-shaped RC shear walls

CHEN Binbin', JI Jing"?, XIE Shunguang', HAN Xiaolei'*, LU Huaikun', CUI Jidong'

(1.School of Civil Engineering and Transportation, South China University of Technology, Guangzhou 510641, China;
2.State Key Laboratory of Subtropical Building Science ( South China University of Technology), Guangzhou 510641, China)

Abstract: To investigate the seismic performance and deformation index limits, twelve T —shaped reinforced
concrete ( RC) shear walls with different shear span ratios, design axial compression ratios and longitudinal
reinforcement ratios of boundary element were designed according to Chinese current codes. The specimens were
tested under low frequency cyclic loading to study the seismic behaviors such as failure pattern, hysteretic
characteristic, energy dissipation capacity and deformation capacity. According to the test results, corresponding
deformation index limits of six performance states were obtained with two methods based on skeleton curve and
experimental phenomena. Regression analysis was conducted with collected experimental results to build the
correlations of deformation index limits at different performance states and shear span ratios, design axial
compression ratios and longitudinal reinforcement ratios of boundary element. The results show that the failure
patterns of specimens are transformed from flexural failure to flexural—shear failure with the decrease of shear span
ratio. It is reasonable and feasible to establish the relationship between deformation index limits and damage extents
of T—shaped RC shear walls based on skeleton curve. While the deformation index limit has positive correlations
with shear span ratio and longitudinal reinforcement ratio of boundary element, there is a negative correlation
between deformation index limit and design axial compression ratio.

Keywords: reinforced concrete; T —shaped shear wall; low frequency cyclic loading test; performance-based

design; deformation index limit; regression analysis
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Tab.1 Parameters of specimens
ML T £ AR N .
i Imat By L Bt L
£ N Eii%:1)] 5 i) 3 A1 1 K3 Ai i
TW1 1 10 ¢ 8(1.55%) ¢ 8@ 80 ¢ 6@ 125 ¢ 8@ 125 1.65 0.2
T™W2 1 10 ¢ 10(2.42%) ¢ 8@ 80 $ 6@ 125 ¢ 8@ 125 1.65 0.2
TW3 1 10 & 8(1.55%) ¢ 8@ 80 $ 6@ 125 ¢ 8@ 125 1.65 0.5
TW4 1 10 ¢ 10(2.42%) ¢ 8@ 80 ¢ 6@ 125 ¢ 8@ 125 1.65 0.5
TWS 2 10 ¢ 8(1.55%) ¢ 8@ 80 $ 6@ 125 ¢ 8@ 125 2.12 0.2
TW6 2 10 ¢ 10(2.42%) $ 8@ 80 $ 6@ 125 ¢ 8@ 125 2.12 0.2
W7 2 10 ¢ 8(1.55%) ¢ 8@ 80 $ 6@ 125 ¢ 8@ 125 2.12 0.5
TW8 2 10 ¢ 10(2.42%) ¢ 8@ 80 $ 6@ 125 ¢ 8@ 125 2.12 0.5
W9 2 10 ¢ 8(1.55%) $ 8@ 80 $ 6@ 125 ¢ 8@ 125 2.71 0.2
TW10 2 10 ¢ 10(2.42%) $ 8@ 80 $ 6@ 125 ¢ 8@ 125 2.71 0.2
TWI11 2 10 ¢ 8(1.55%) $ 8@ 80 ¢ 6@ 125 ¢ 8@ 125 2.71 0.5
TW12 2 10 ¢ 10(2.42%) ¢ 8@ 80 $ 6@ 125 $ 8@ 125 2.71 0.5
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Fig.1 Geometry and reinforcement details of specimens( mm)
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Fig.3 Failure patterns of specimens



5 6 1]

BRI, 55 . T JE RC BT T BGPUR AL AR AR BRI

- 67 -

2.2 FEEIH&REREAL
AR B TR A fif 2 P~ 128 Ff1 6 HiF [n] it £k
LB BRI UL 4.5,

HIP 4 a0 1) i TRCE S, T I 39 8 A X
PR AP 1] 4 T | B0 ) A T S AN [6). T i o 2
I, E 2, JCR G AE A A2 1L, i 1o i 20
TR FERERE J1 B 5 B ) AR, Bk 24T, T 2%
S AN 55 T e, R 5E A I AR, i 1] 3 1 AR 1
PRI BRI (RIS W 08/ FERERE 114055 ;2) 25

MR (TWS ~ TW12) B 1] il 28 45k 1 5 , 78
INEEA W BRI 2570, R & R R ST
T AR Y SFERERE J1AE4T 5 545 B R AH L, 45
BRI (TW1 ~TW4) BIEIASHE Bir o L3 ok, 37
DIRON = A FRAR BN 1 5, TiF ] il AR T R FRAI
FERERE 10855 ;3) Bl BT 5 LU A3 K I FE RE Rl
He5 5 B A R L AR i R 3 B A (R
AN IR FERERE 185 ; BE A WEAT G0 T A R 1
B A T IR AR AN PR30 T Tt

400 400 r 600
200 200 B 400
- 0 . ol r . 200
=< =4 F < 0f
& -200 &~ 200 F <
r -200
-400 -400 - L —400 F
-600 Il 1 1 ) -600 | 1 1 J ~600 1 1 1 ] ~600 1 1 1 J
-0.04-0.02 0 0.02 0.04 -0.04-0.02 0 0.02 004 -0.04-0.02 0 0.02 0.04 -0.04-0.02 0 0.02 0.04
O/rad O/rad O/rad O/rad
(2) TW1 (b) TW2 () TW3 (d) TW4
400 400 400 400 -
200 200 200 200 -
z z z Of z Or
= 0 =< or =< <
< < S 200 ~_200f
=200 | =200 —400 L —400 1
-400 1 1 1 ] —400 1 1 1 J — ()0 1 Il 1 ] —-600 Il 1 1 ]
-0.04 -0.02 0 0.02 0.04 -0.04 -0.02 0 002 0.04 -0.04-0.02 0 0.02 0.04 -0.04 -0.02 0 002 0.04
O/rad O/rad O/rad O/rad
(e) TW5 H TW6 (g) TW7 (h) TW8
200 - 200 400 4001
100 - 100F 200k 200t
g of g o 5 5
= = S = oF
-100 -100+
~200 L 200k =200+ =200}
-300 1 1 1 J =300 I I 1 1 -400 I L 1 ] -400 1 L ) J
-0.04 -0.0 0 0.02 0.04 -0.04-0.02 0 0.02 0.04 -0.04-0.02 0 0.02 0.04 ~0.04 =0.02 0 0.02 0.04
O/rad O/rad O/rad O/rad
(i) TW9 (i) TW10 (k) TW11 Iy TW12
4 RETER K FETE P-AI f 0 i B i £
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Fig.5 P-6 skeleton curves of specimens
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Tab.4 Damage extent of each performance state of reinforced
concrete shear wall
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Tab.5 Comparison of deformation limits between performance

points and phenomenon points

gZits8 6,/ 0,/1, 05/15 0,/1, 0s/ts 04/t

FH(H 1.07 1.02 1.09 1.06 1.18 0.96
P2 0.36 0.27 0.24 0.19 0.18 0.05

Ty %% 0.13 0.07 0.06 0.04 0.03  0.002
/ME 0.53 0.56 0.71 0.60 0.75 0.86
IENE] 1.94 1.69 1.63 1.47 1.51 1.00
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Tab.6  Deformation index limits for different performance states of specimens

K5 J 1] SEUF BEIR B AERIR AR B E IR RN 22
1k 0.002 8 0.007 0 0.011 0.015 0.019 0.025
B 17115 0.003 3 0.010 0 0.017 0.023 0.030 0.035
- 1Eff) 0.003 2 0.007 6 0.012 0.016 0.021 0.029
e 1] 0.004 1 0.009 5 0.015 0.020 0.026 0.029
1k fi) 0.002 4 0.005 9 0.009 0.013 0.016 0.017
e 116 0.002 4 0.005 6 0.009 0.012 0.015 0.016
1E ) 0.003 8 0.007 0 0.010 0.013 0.017 0.017
B 1] 0.003 0 0.005 9 0.009 0.012 0.014 0.018
- 1Eff) 0.003 9 0.008 7 0.014 0.018 0.023 0.031
e fln) 0.004 3 0.009 5 0.015 0.020 0.025 0.029
i 0.002 7 0.008 9 0.015 0.021 0.028 0.031
e 1] 0.003 2 0.009 2 0.015 0.021 0.027 0.027
G| 0.001 8 0.006 7 0.011 0.016 0.021 0.023
i 11 0.003 3 0.006 5 0.010 0.013 0.016 0.019
1EJi) 0.004 1 0.008 7 0.013 0.018 0.023 0.027
e 171 15 0.004 7 0.008 2 0.012 0.015 0.019 0.021
i 0.004 2 0.009 0 0.014 0.019 0.023 0.031
B £ i) 0.005 8 0.010 2 0.015 0.019 0.023 0.025
NG| 0.004 3 0.010 4 0.017 0.023 0.029 0.034
TW10
17115 0.005 1 0.010 9 0.017 0.023 0.028 0.030
NG| 0.003 4 0.008 9 0.014 0.020 0.025 0.026
i 17115 0.005 6 0.008 9 0.012 0.015 0.019 0.019
1k ff) 0.003 1 0.008 0 0.013 0.018 0.023 0.024
B fuln) 0.004 2 0.008 0 0.012 0.015 0.019 0.020
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