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Experimental Study on Seismic Behavior of Precast

Composite Shear Wall with Concealed Bracing

WANG Mengfu', ZOU Tongqiu
(College of Civil Engineering, Hunan University, Changsha 410082, China)

Abstract: In order to optimize the connection of precast composite shear wall, two local high damping
concrete precast composite shear walls with or without concealed steel plate bracing were designed. Quasi-
static tests of two specimens were carried out, and the bearing capacity, hysteretic curves, skeleton
curves, displacement ductility, stiffness degradation, energy-dissipation performance, crack development
and failure pattern were obtained, and compared with each other. The test results indicate that the test
specimens exhibit great seismic structural behaviors, and the use of concealed steel plate bracing can im-
prove the bearing capacity, deformation ability as well as its ductility of precast composite shear wall.
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Fig.1 Reinforcement details of specimens
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Fig. 2 The specimen manufacturing site
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Tab.2 Material properties of steel
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Fig. 4  Monitoring point arrangement
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Tab.3 Experimental results at main stages
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Fig. 5 Shear wall specimen fracture morphology and local crushing figure

2.2 farE-LE [ B Lk

TP Ao 27 A% i ]l 2 DL P 6. pl T R &
B 3 $58 VTS S B DX B e B R B L ARAIE T T
il 5 BT 77 4 180 V= R A B A AR Y AL S BRI BE L
TRl B0 T A A R ST T R T
2 G810 i B 45 B 7 ik A6 Y0 e AR AL (5 ER YL N
T PR UE T ] A BT 7 S B AR IR 6 rpE] LU
& R e BELJE T B A B B 5 T 7 g R A AR
W5 S 45 14 Je S v L JE TR B8 - T B 5 BT ) 45k i (] i

300

200 |

-30 -20 -10 0 10 20 30
A/mm
(b) i fF HDCBW1

B 6 LAk
Fig. 6 Load-displacement hysteretic loop

ERIHE R M. T 6 1 g -0 B vty [l il £k 0 3 A
-3 Jey B = BEL e R % A B S A 87 1 8% HDCW1
AV AR I S 4 J) 8 v BELJE TR 956 & 19Uk 3 5 B9 7 i
HDCBW 1 i [l il £& K4k — 0 1 39 4 7K F- 24
HE DIR[0 Y 2 PR 4 B4R L 1% o BT e B0 7 A 35 1Y)
TR AR /N AT LA R 25 HiF R AR T G B B
Ab T S AR | W AR A & A AR A B AR
UKV L4 5 Bl KT Fi 28010 18 T4 O SR AR TT IR
HEAE b AR I B [0 i 2T 46 T 1 5 S Al
Rk 5 SIS Vi [0 T 0 5 %) T B 3 347 3 K i 7K O
f BV R 5 0 5% A% 78 T A 2 7 38 KL T [ i kR P
A e 2 IS R B R ST
AT RAIA Ry B g 8% 7 i IR 225 B AT H B R 1 B 1)
B . Jey ¥ e BEL JE YR 6 - 194 2 45 B 7 355 R0 A 0 Al g
S Jr S v L TR 5 - T B A B 8 Y A
BLAF, M3 A R 3 HDCBW i 7 [a] it 28 10 1 e
J i Tl A HDCW L, v R4 4 30 G2 0 1R B Al
M5 S P ) FEAE SRR B w8 T B g 8% 1 R Tk R R AR
P W5 S P R B AR P A S 4 G T R B TR R
YYFAE R T ) 248 B £ AR FERE BE 7 5.
2.3 BEMZK

MR A T 0 A% A I R U 7 2 - BB U
Il gl £ 1) 45 GBI A5 — TR A B 1Y) DA AL R R 15 3
1 2\ i & 5 5 0 a0 B R 2 an &l 7 R,
B 7 0] LUA 2 5 T B A Y 00 55 0 B 4 il 4R
FLEE AR BN, TR 2400, SR R A 2R TR L i
AAESPE TAE B BE . B 42 il e 328 8 1) 2 7% Sl 100 . 3%
0 T JE 32 7 AR 7 280 P e AU R 9 K L 81 06
G IFIG T R TP IR fr 20 T BN B8 Bl (0 RS 1Y)
HE— 25 B TR ER T T e 1 ORI, BB R 2
TRk 8520 LAF .2 F Bl & 4 57 J1 %
AL BT S PR N FERERE 1 L O MR IR L T



1

TE 25T 4 <07 0 ST & A 0 0 SR PR M RE I R F 61

AN A I S 1 JRy 3 v BEL JE TR BB A T & A BY ) d
PERETE S L. FE M aRw0 91, 2 il & 5T ) s
I J3E R A — e, T A A bR I S 4 A T ) B BT A
DI 2 6 1 o I A 7K A 28 ) 8 — 25 I K 5 3Ry 35
PHE IR &E + Wi & & 35 J1 5 HDCW1 AH AL T 717 49
M I S 15 1) Jmy 8 s BHL TR B8 - T & A 5T ) B
HDCBW1 e it AJE St TAEBY B, NI R .2
Wl & A Y s A Rt R s R R
M Bk W E for 205 BE 5 7 8% 1 afE — 25 B4 L 3K R
HDCBW1 & 1 F B T4 HDCW1 1 &
Vot 0K 4 HDCBW1 (% 2 4 4 4. 3K 1k
HDCBW 1 )i {8 17 2% 8 1 HDCW1 $2 5% 1 2
15 %6 » % B A Al I S £ 1 A7 76 L RE S 42 o5 T & 4 B
JIHE ) R RE T
2.4 {IRBEEM

B 3 B A 1 S T S RS R R AR e kR
N FRIEAH

= cu (D

i A IR BR AL RS, A, Ak ik 1 i A 47
B X400 4 i AR A, (YD Rl BR A (UD 2= 4 1 eS8 —
AT B 5 Ty k. B 0 0 4 e IR A 1 O A g
R S RN LA 1 P9 45 BRAT A A PR A T ik
A HUAr 2 T B AR G L A 2K 19 85 V0 B 1 A IO A T
TR BE 1 3K BB CF D) N A2 (E 9 AH L 3. A0 38 A H
i 7 AN AR TR 16 o 1 1 K 30 (B A iR L AR
SCAY )R FH B e S (R TR A0 or 28T R 2 05 {1 o 2K 1
85 24 i 2 0 4y Jed A s YD RAR B o5 (UD . 2 5 B g 4%
(0 SE 1 R AL 2R 5, NP i) DU P R Jmy 30 5 B
JE T B A3 BY 7 3% 1) 4E P R B B AL I P A
B 7 2% B G Stz 43 1 99 B A BY 7 Bl L AE M R A
15 T JC I S 4 10 JR 3 v BELJE B S 5 BT 8% i
2 18 % o & B A EXMR IG5 S 1 1) ) 38 v BELJE TR 6+ T
il 2B A3 BY S5 A8 R 3 R 8 e B VR BB - 19
il B B Yy h . R R N AR I S 1 S
BELJE TR 3 = 39041 28 45 B 1 5% it IR A7 4% WA 38308 /=)
0 1 BELJE 19046 B A BY 0 Bl T AR B RS R T R
5 v BELJE T B 0 Ju % A, 2 5 AT LA
3 Jr 0 = BELJE TS 35 T 2 G B 88 R AR I S
P Jr 8 12 BELJE TR 95 1 9ok 25 5 0 7 355 1) L4 )2 TR] 7
o £ Rt 8 M 2 (R0 6 1 349 43 )38 8 R R4 R
1/1000 A1 1/120"" 356 B 76 99 i B 45 BY 7 335 98 P ¢
DX 2R P Jai 50 v L JE. T 5 - R 0 Al 5 S 4 il 4% 18 T
il A BY g % S B 5 % BB By ) B AW Y

HOR.

300

200

100

-100

-200 - —e—HDCWI

—s—HDCBW1
-300 -

-30 -2IO -IIO 0 ll() 2I0 30
A/mm
B7 BREuA
Fig. 7 Skeleton curves

2.5 WIEERK

MIEE P my3Rik000
+ Pi|+ | = P
[+ 4+ [— 4
P Py O @ YW A Aar 48 50X I 114 7K V- i 21 5
A; RS T R A 25 X)W 7K 75

2 W B G B g h 0 ) B2 AR ALt 2k DL IR 8. DA
K8 AT LAA . 2 Tl & & 59 Jp 3% i W2 3R Ak it
AN ARL. T I FF 2 30 S Al B B iy M B2 SR
s Ay Z0. DI A e R 20 0 {8 £ 282 B B M1 SR 1k
R B S 2 Fr U S B ) B ) Bh W AR
AT B AR S Y SRy T e BELJE TR BB A R S A 5
735 HA) 4G W EE W . RS L2 R T S S 5T ) B
8 I S 4T Byt R R 2 S A B PR I S Y )
Tl e BELJE TR B - T ) S B g i W 2 v T Ry
e BELJE TR BE T & G 5 ) R R IR L BB 2 5
Jy A 2 i R S A N R 2% S A i L T
. 8 RN 2 fr W & A 5T 7 8 i I IR Ak R
JERRIN 5] A IR A UK 2 i S

120

K, = | (2)

—e—HDCWI1
—s—HDCBW1

0 10 20 30
A/mm

B8 R R

Fig. 8 Stiffness degradation curves



62

W R K22 4R CE SRR O

2017 4F

A B 8% 7 JR 6 i B TR BE A DL S R IS S 4 1
RGBT R B & A Y
W IR 50, U358 43 5 IR U8 3 4 — 3 B IA) AR B
2.6 FEHEEMERE

AR e FERLRE ) . B W I Re R FE R R B E
S SRR BELE 2R B G ORI L DA AT - B i
[e iy 28 ST 0 161 17 T AR 2 A7 A L A SCOR B REHK
FECE WIJFEIEM 2 7 B & A B T K Y FE e
RE AR 9 Fie A O

_ S( ABC+CDA)

E 3

Scaoe-aonr)

H AP 1) 207 8% i [l oy 2 B 2% P L 3 5 45 31
A PFIRE I FERLR B E WA 5. ik 5 nfLIAE s
3 Jey v e BELJE VR BRE L W) B 5 8T ) i fF HD-
CWL I 49 Al I S 45 10 Jo 8 v L JE e B5E & Wl ol 5

ol e

A5 i HDCBW 9 E B 46 B R B 8 Kk .
F WA 2 1 FE R BB B 4F B L AT L A AR IR 3
11 Jr 8 w55 BELJC TE 56 - T 2 B BT 77 8% B SR FE K
RBRL 9%.

B9 #IAKAKEMNSE

Fig. 9 Calculation of energy dissipation coefficient

x5 RGMEHRH AEERBRABREAUBERA

Tab.5 Ductility coefficient, energy dissipation coefficient and story drift of specimens

. o Jit R0 %% e BRA B ‘ " AE i FE L S 2 (R LA J2 )
A4S A, /mm A, /mm SERER AL 1 ZHE BiFs 1 0. hi# b 6,
HDCW1 7.3 24.9 3.41 1.56 1/199 1/58
HDCBW1 6.7 26.8 4.02 1.70 1/216 1/54
TESS A AL & K24 4%, n] 5 )R B 8 W-3 iR F 1Y
3 S5HXREERILER BT R 650 mm A SC 2 R HiUEl & A B TR

SCHk L9 P it W2, WA-A, W4-B L) J 3C ik
C1o]r i3k A W-3A F1 W-3B 5 A SCE T 2 Fr il
il B A BY S REAE = T P L O SR R R
AT S A U] RS Rl B AS ). o T 3 — 2 B AR S
2 Tkl 35 5 it ) BT RR O o SCRRLO TR L 10 J AR 3T
2 Bl & A B i g RAE LB TR
R 1 1 7R 2R AR 1 L B AR TE BE ) KRB RE RE 1 5 4l
JE b S A DG TR AN S IROCSC R L9 ] Wa-A
CHltH L6 0. 10) 54 SR E1T A S JER XS L.
3.1 AREXSHAES

SCERC10 ] il W-3 A 2 Jr 1l & &
BT B AL B IR 2 L3 4 T JR R AR
AR TR o R 7 0 U 350 799 iy 8 300 400 Rl 79 7K ST ) s 2R
BE IR H KT 244 ) B P S il — BE R ES S R R
KB BTN X a8 X F248E. SR Z b AL 2
Jr T A 5 ) 55 IS AR v BELJE TR BE 5 R R Ry
8 B 7 RIS 38 v BELJE TR 956 - 2 11 J LT TR B & BRK O
S T SCERC10 1 i W-3 3044 D)2 7 3K 14 e A

BT A 300 mm. BEAR . AR SC 2 F W & A BT )
it o 2 1 2R 8 i s SR L9 D0 Sk [ 10 ] v xof be ik
PR iy 5] k& TASC 2 R Bl & 4 55 1 5 AE
JEG B8 9 A IX A e A Bk 11 L SR R ) s L2 YR o ik
ST W S RO MR L R KR I SRS A
WG R B T R B T i — 2 AR RG] R
YEH.
3.2 WMRTEREHSENS

SCRCO T WA-A B 3 58 1 2 1) 2 8% f h
1/66, 7 4 £ & ¥ Ay 3. 50. A 3¢l 4 HDCW1 Al
HDCBW 1 ) i 58 2 () {5 % £ 43 0] &t 13. 8 06 AN
22.2%. A ik HDCW1 (1 ZE ¥ 28 80 F0 4 F it 1
Wa-A FEAR—F A% 2. 6% . 1 ik 4 HDCBW1 K %E
PE R FOW 5 6 R A WA-A Gk 14, 9%, F B A SC
A HDCW1 #1 HDCBW1 45 % § 1Y %E 14 2 28 B
fE 1.
3.3 EEEENSFEEMEREIER
S3eEko] i ik Wa-A ke, A SC %58 7 3
o B JE T B+ 100 & 5 57 J1 Bl HDCW L (1 I



1

TE 25T 4 <07 0 ST & A 0 0 SR PR M RE I R F 63

B F1AK 6. 820, vl BE I A & i {4 HDCW1 1) &
Fo b T W4-A H 5 7 AL R o B B %
SIVR TR A LA R X A T R G S 4 1 ik
F HDCBW 1 ) W {7 48 77 Wl 5 7.0 V%6 o 22 HH 4R B %
SR 51N RE 85 R B i T S B ) 8 A A Y K
A W WA-A e RFEAR SN 1. 55, KX
M HDCW L /) RE 5 6 5 R $oms &, 1 ik /4 HD-
CBW1 (1 g & FE AR B0 it 9. 700, R A 30K
£ HDCW1 f1 HDCBW1 [ %E et B 44 4.

4 & it

ASCo Bt 1T 1 R e g B TR 4 P
i A Y S PR AN 1R e S SR S v L TR ot
bW B 5T s A X AT T A i
FLAFE T LUNSRE

1) 2% 5 Jo 78 veg L JE TR B8 - T 5 15 B ) 45 Ay
BB SCA SR S e BELJE TR B - U B S T ) B AR
T2 25 B SRR 53 A7 LU B AL 5 100 415 8 A IG5 S 4% 1) Jmy 3
i BELJE TR B b T B 0 ) B 1) SREE T R T O 5E
1 FERERE 7 B 5.

2) 3 Jey i e L TR 5 - U B 5 0 7 ik Aty
BB SCAE Je S e B TR B - U B S T 7 B AE AR
A S A A R B R B R R e A 2
TR SCHE G AR — 2 T B &S 0 Iy
AR S » FLAE R 2R R T O R S e B TR 5 1 T
il & A 5 1.

3) BLTE IR BE - 15 T 0 0 1) 355 A ) A R
T B AR A H B AT o] 28 4% R A I I B A
SCPERITIATT T 1A A 5 77 1) 2 A 3 2 1k L (RLR) A%
(1 0 317 A2 LA 240 A 2 00 00 A 35 A 47 9% BE A8 R Ik
BT AR R ERE.

A FE ) B B 7 4 V0 2 B IX B A i R
1. BLGE 5 BH e TR B - bR L BE RS 238 3 41 KA 4L
FEPERE . B JE TR BE L AEH R AR P REAS R B R
Ly (R SE VR FFERE BE ) - GBS P & 5 0Y ) B 2R EE 1Y
H B T I S R 5 A — 28 R TR R AR Y
T Ji& R EBE I FIAE RERE I i — 2D 42 v

S % 3Tk

(1] A BkE . EEA 5. &4 B X8 ) 55 00 b= vk e il 55 43
BriJl. BT R 2z 224k : B RRH2A R, 2009, 32(8): 1219 —

(2]

(3]

(4]

(5]

[6]

7]

(8]

9]

1223.

LIAN Xing, YE Xianguo, WANG Decai,et al. Experimental a-
nalysis of seismic behavior of superimposed slab shear walls
[J]. Journal of Hefei University of Technology: Natural Sci-
ences,2009,32(8):1219—1223. (In Chinese)

TL/NBE, Th L BRAE L A5, B A TR B 1 B 4 % e B R
PRI AT AT ] S ME Dok K= 4. B AR BHE . 2010, 33
(9):1366—1371.

SHEN Xiaopu, MA Wei, CHEN Xintang, et al. Experimental
study of the seismic performance of the vertical joint seam of
superimposed concrete wall panels [ J]. Journal of Hefei Uni-
versity of Technology: Natural Sciences,2010,33(9):1366 —
1371. (In Chinese)

FRF XGPS B S5 AW TR BE LK PR 1 A S 5T ) B B
RPERE IR AT IELT ). A A4k . 2012,33(7) : 147 —155.
WANG Zijun, LIU Weiqing, WEI Wei, ez al. Experimental
study on seismic behavior of reinforced concrete composite
shear wall with level splice [J]. Journal of Building Struc-
tures, 2012,33(7):147—155. (In Chinese)

R R SR A AFL & A Y ) B A RO AT LT .
AR ol R 2A 2 40 H AR} 24 R, 2009, 32(7) 1064 — 1068.
LIAN Xing, YE Xianguo,ZHANG Lijun,et al. Finite element
analysis of the superimposed slab shear walls [J]. Journal of
Hefei University of Technology: Natural Sciences, 2009, 32
(7):1064—1068. (In Chinese)

TR NEE, JEL % P e D 4 S MR BE L 5T ) 8 A BR T A BT
(1] PEPHAEFIR A4 FAARF 24, 2010,26(5) : 905 —912.
SHEN Xiaopu, ZHOU Honggeng. Finite element analysis of
superimposed concrete wall panels with the vertical seam[]].
Journal of Shenyang Jianzhu University: Natural Sciences,
2010,26(5):905—912. (In Chinese)

W7 BV LM A, BATIREE L&A IR IE L 0 E 0T
Fe[0]. 454 TREIH,2011,27(1) :34—39.

XU Fang, LU Xilin, ZHANG Hongmei, et a/. Computational
simulation for nonlinearity of reinforced concrete composite
walls [J]. Structural Engineers,2011,27(1) :34—39. (In Chi-
nese)

A DG R I R S B Y D Y A AT ). B R
TARA4%.2012,45(1) :8—12.

JIANG Qing, YE Xianguo, CHONG Xun. Calculation model
for superimposed slab shear walls [J]. China Civil Engineering
Journal,2012.45(1) :8—12. (In Chinese)

M AR SPIE . TR B - XN BT J B kEReRe ). WM
REFZEAR : B RBLF AR 2014, 41(9):35—41.

XIAO Quandong, GUO Zhengxing. Energy dissipation of
double-wall precast concrete shear walls [J]. Journal of Hunan
University: Natural Sciences,2014, 41(9):35—41. (In Chi-
nese)

WEAE L PVBL L EUN I E BRI LR A LR BE L &S



64

W R K22 4R CE SRR O

2017 4F

[10]

[11]

[12]

[13]

DTSR BRI R DR ST L], AT A M A= 4. 2014, 35(7)
138—144.

YE Yanhua, SUN Yue, XUE Zhouhai, et al/. Experimental
study on seismic behavior of SCC and precast NC composite
shear wall [J]. Journal of Building Structures, 2014.35(7);
138—144.
E A XA PO BESCEE S T R T & A BY O B B AR 1k Ak ik
WWrFE (I, PR AR, 2015,46 (4) - 1409 —
1419.

(In Chinese)

WANG Zijun, LIU Weiqing, ZHAI Wenhao, et al. Experi-
mental study on seismic behavior of new type reinforced con-
crete composite shear wall [J]. Journal of Central South Uni-
versity: Science and Technology, 2015,46 (4).1409 — 1419.
(In Chinese)

DB34 810—2008 & & MU BE + 09 Jy W 5 M LR AR LS. &
fIE . 8048 Bt BoAR B R . 2008:5—17.

DB34 810—2008 Technical specification for reinforced concrete
composite shear wall [S]. Hefei: Anhui Bureau of Quality and
Technical Supervision,2008:5—17. (In Chinese)

TEASHT LR @  TEWORE. i BHLJE VR B i S BT I S PR
PRI UFR )], MR TR S TR E3), 2013,33(5):153—
161.

WANG Mengfu, SONG Xingyu, WANG Zhihui. Experimental
study on seismic performance of high damping concrete shear
wall with concealed bracings [J]. Journal of Earthquake Engi-
neering and Engineering Vibration,2013,33(5) :153—161. (In
Chinese)

F SR TERF T v B TR U e B A I S XU BT ) il B 4y
Brid]. Wm0 BARRIEAR,2015,42(5) : 14 —20.
WANG Yijun, WANG Mengfu. Numerical simulation of high

damping concrete coupled shear walls with steel plate concealed

[14]

[15]

[16]

(171

(18]

bracing [J]. Journal of Hunan University: Natural Sciences,
2015,42(5):14—20. (In Chinese)

TEASH AR R BR v WURE. T e 0 Sl S B A KR BE
- XU B H7 4% - 201510006656, 9[PJ. 2015—05—20.
WANG Mengfu,ZOU Tongqgiu, WANG Zhihui. Precast com-
posite concrete double shear wall with concealed bracing: Chi-
na,201510006656. 9[P]. 2015—05—20. (In Chinese)

JGJ 3—2010 @R MIREE LA B AR MARLS]. dtat.hE
B Tl kL 201077 —95.

JGJ 3— 2010  Technical specification for concrete structures
of tall building[ S]. Beijing:China Architecture Building Press,
(In Chinese)

GB 50011—2010 #ESAHUE BT M LS]. dbut . E 45 1T
b i B4 . 2010:66 —69.

GB 50011 — 2010

2010:77—95.

Code for seismic design of buildings[ S].
Beijing: China Architecture Building Press,2010;66 — 69. (In
Chinese)

TEAS T RS E . WA /NS LI R IR I S B e TR B
BT SRR a1 HE TR S TR R, 2013,33
(3):125—132.

WANG Mengfu, SONG Xingyu., XIAO Yutong. Experimental
study on seismic performance of high damping concrete coupled
shear wall with mixed concealed bracings and coupling beams
with small span-depth ratios [J]. Journal of Earthquake Engi-
neering and Engineering Vibration,2013,33(3):125—132. (In
Chinese)

JGJ 101/T 101—2015 gfrmilmMrELS]. Jeat. hE
BTl kL 52015 10— 18,

JGJ 101/T 101—2015 Specification for seismic test of build-
ings [S]. Beijing: China Architecture Building Press,2015:10

—18. (In Chinese)



