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Experimental study on seismic performance of
recoverable precast shear wall
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Abstract: A recoverable precast shear wall composed of precast RC wall and steel energy-dissipator ( RPSW-SE)
was proposed and tested under reversed cyclic load. The failure process, shear capacity, hysteretic behavior and
degradation characteristics were compared with that for cast-in-place concrete shear wall. Moreover, the damaged
specimens were repaired by replacing damage steel member and tested again to investigate the seismic performance
including hysteretic behavior, shear resistance as well as energy dissipation capacity, and to discuss the recoverable
of RPSW-SE. The results showed that the RPSW-SE had good integrity and shear resistance, and the hysteretic
curves were relatively full. The steel-energy connection area yielded prior to RC wall and dissipated a large amount
of energy, enhancing the deformation capacity and energy dissipation capacity. The stress distribution and damage
evolution of the shear wall was improved, and the failure of the RPSW-SE was caused by the fracture of the short
steel-column at the slits of the shear-plate, without obvious plastic damage in the concrete wall. It was analyzed that
more than 90% of the energy-dissipation in the shear wall was concentrated in the steel-energy connection area,
achieving the controllable damage and energy dissipation. The performance indexes of the repaired RPSW-SE were
close to those of original ones, indicating that the RPSW-SE had good recoverability.
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Fig.1 Recoverable precast shear wall with steel Fig.2 Force mechanism of the end
energy-dissipator joint plate connection
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Fig.3 Dimension and reinforcement of specimen
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1R, M ENAE B2 (P) (i A% (A) 2k B 493 ik, DO R e , 26 A LR N 847 1, $2 Jist Al (o2
R B BIEA T N2, BRAEER 3 UK, il R 48 ) Wi 2R W AT 48110 8590 LAF BRUR AR AN I T Ak 28 48 iy i ok

AT}, 25 A, BT RLE MTS [ 45 $7 4 1E 1]
23 ENAE

TR PR B G SR B A I8 e FIAL RS T, S W I sk A T RN ) o . TR 33k A 417 1) 197 22 e
A BB R AERE I He A A A AN 5 s, T8 v HL Sy b o il B i vl 5 1o 409 A9 64 A8 1y o2 ', VL
SRR 1) B 77 AR R ARSI P i A A A6 P R R AR



%14 Wi A AT S RERE I 2 BT B pU e R R B oY 65

|

H6 |
-
[

|
Vs V6FV7

SR 4

BB F2

(a) BUEESWAR N AS B A (b) iXfFPC-RPSW-SE (¢) WMFPC-RPSW-SE  (d) I{fFPC-RPSW-SEJI 4%
! T SN A SRR A2 A IR B IR A2 A

Bs ENXRERETEE

Fig.5 Layout of measurement instruments

3 RBRIAKEREIES

3.1 ik SW
TN A 200 kN I, BY 55 M AT 4f R K
2974 10 mm, BEE INE AR 2L, [ A SLEE N W 48 fift ) [W] A i B 2
S %% MR A 6 mm B BEAARIE T B 3 44 B A2
TUEE M RIEE IR Eor el BUBT Al 244 A =
9 mm B}, 7EVREE - 1E I — 45t 42 B A R BB Rl
4, AT BIVRBE T hr R0 PRIEE” P ARSI R AL FE N 12 mm
INF, S5 SLEE AN A 5T 28 BB T, B ) 8k v A 52 He - iy
FIREE TR IS, 2 hr s AR IS e 25 0 :
IKE] 15 mm B, 5 ACAS W7 4 TR B i 2R R A%, B 185 Y B6 XM SW BRI

IV R 2 85% AT I 1k [ 6 45 T hnakad # Fig.6  Failure of SW

WA SW Y F ZEWIR R IR S e AR
3.2 X RPSW-SE

A RPSW-SE 7EAm7 25 /1 2847) 301 B B O 15 38 1, 229 2847 283K 3] 259.3 kN I, U8 %€ 3804 A7 1) i 2
(P) i (A) M2 LI 45 A RS A 5 3 mm , IAHIRE B IR, 5 M r B Bl 2 B, S i B I &
9 mm I}, 76 _FFRIRGE B A B — 25K 29 90 mm 2247 A 44 | LT - 3 555 (A R 7 R 32 ] f10) BE 452 )
SO, A 22 ) A A EE A R v R W W S A O ZE L RS N2 12 mm B SR AA RN AR ] T S
200 mmZe AT, [ B A 355 A (9 8 1 HD BRI 1) A SR 4 | B U037 2 Al 7E K T 2 18] B /N I 4 Hh B B U0 A8 0E |
Bl 7R s D R 15 mm B E TR 5E 1 57 J7 555 18— 25K 40 mm A RERLAE | Y U FEAROT A8 AL /N
AL &A= B S B BT DI ARTE | i ) 52 3% sl IR O A i AR TR s ARSIk, SRS 44 N BT AR TE T S, BY
VIR EERE B/ INMRAE B B VAR TEASBTINR ; 2SIz A8k 24 mm B, BY YT BEAR T4 AL/ MR 35 D) AR T2 ™
o, A S T 2G| RS R RR e AR ] L BHEH S A T RS s (RS 2 27 mm B, BY I AR O 44k
AN R AT S R ) 2R Rk, BRI R, A TRE R O I SRR R A
(B2 5% 55 FE /T 1 mm, BER BRIk, /7 45 T34k RPSW-SE AR R i 78 AR SRR 25 il 1
RPSW-SE #3428 i T 85 Ul et - ae i /NI A () BT DI IR 5 S | b 3 il TR o6 T IR A S8 i




66 o T B 5 T B #& 3 445

i) N TR
(d) 27 mm NG () o] BRI FERE R PRIERL 25

7 iXf RPSW-SE iRt 12
Fig.7 Failure process of RPSW-SE

s :';l' i A,.‘
() ey T4

3.3 X RPSW-SE-R

R RPSW-SE W3R 5 349 1 F 7K P-4 55 D) H2 Al Fn 32 i 784
AR B R 8 T, X HAE AT B I PR EA T A 13K
¥, A 05 & it 2k iR RPSW-SE-R 75 fay 845 il B BE A UL W g 3
5 0I5 12 mm B, 1 ERIRAEE 1 45 1AL T I A S 4% 1 S Al ZEf
HREAAE | [RIET HR BI 2 SR AR A | (R B T B R AR /N s 6 B I 2k
F) 15 mm B 54 S WG T HH B TR0 R A 4% | BT EEAROT 2 AL 1
ANBIAE AL BRI B DI ARTE s ARl gk, JRA 1R e A B AR 5, BY
VIR EERE B/ MR B VI AR TE AT Bir oA, B V03 Bt B
S8 A BT VDAL s S MAR B AR N 27 mm I, A A4 AW AE 5 0
TRBE SR AT B 244 B, BT U0 AR T AR AL 3 43/ VAR H BB 28 5 1717 4 46 3535 21 30 mm B, Y134 4R
FEEERE )/ NN 2RI IR 3 ) SR R B (A 401 85% LA T ik Ze 1k, 114 RPSW-SE-R WK
T SRS AR AE RPSW-SE AHL, {H i1 TR RPSW-SE-R /U # 17iF RPSW-SE Ff ™ BRI A A9l #E
RESEFET , A HRSE A B R T EA AL B, DRTTIRF RPSW-SE-R f#i473 & Je g ir i iy, L HOR 38 Ty
FIKIEERAR T4 RPSW-SE, RPSW-SE-R AU IR FE A T RS A1 9 FR

; o A &
/ - i

8 X RPSW-SE &£t 12
Fig.8 Repair process of RPSW-SE

(e) BHRIFEREIEALMFRIME RS
B9 iXf RPSW-SE-R BIHIF1ER
Fig.9 Failure condition of RPSW-SE-R

(f) ZERCDY TR A

(d) 30 mm /NRAE 4T

4 REERKESH

4.1 O
B R 2R an i 10 s, B AT AT AR iR SW R RPSW-SE A1 RPSW-SE-R 114 #5 KAz #% /1
IR T 2.5% , 200380 SW Y 1.67 %, R 2 il FERE & 122 A R Bie X 85 T i 25 i Pk R &7, i1k SW 1Y



%14 g, A5 AT D AR EE BT i bUR M R IR AT 5T 67

iR S” I FETE—E B “ 48" A FERERE 18K 22 , i/ RPSW-SE 1 RPSW-SE-R 1143 1] ity £& U]
BRESTIE, ik SW SNt , i B HAERERE 11 A0 SW A B KNI TH ; iR I i il Z B e REA 14 J5
il RPSW-SE-R ¥[8t 2 Al RPSW-SE AHAL, AR W) & 8chs , R R B L 5 10F RPSW-SE-R Ay Hir [1] ¥4
REAS LMK S, T B6AIE 14 RPSW-SE SEBL T 72 4 nl 1 5 I e .

800 800
600 + 600 -
400} 400}
§ 200} § 200}
# O = Or
= = 1
€ 200} = 200} l
—400} —400
—ennl _600L — i FRPSW-SE
600 - = iXfFRPSW-SE-R
~800 I L L I 1 1 . —800 I L L I . . .
=20 -15 -10 -5 0 5 10 15 20 ~40 -30 -20 -10 0 10 20 30 40
i #/mm i F%/mm
(a) fhsw (b) RMFRPSW-SEFIRPSW-SE-R

10 FHiRHFHY i O] i 2 3 B
Fig. 10 Comparison of hysteretic curves of specimens
4.2 BEmMZ%

AR 11 PR B RIMAE WA S rrew e
TARAESEERRAE LR AT R SWAERLRS  600F —+ WARPSW-SER
£ 12900 | SRS E 7R A G R R S SMEBR  T 400
B RPSW-SE fl RPSW-SE-R WIFEQIRE iy 2.4% I ik 50 2
{E7RH ), FVIHIA RAFRAEAE )y, IR DAL & T
Pl SW A8 2 ERHIE 5% D gt mm

FEARTE X AT T 24155, TR 3% 738 14 RPSW-SE ‘6‘22
WA S T 3007 1tk SW, (ORI H e Kb~ [ .‘-f/ o
S, FLIE B 7% 7 ph 5000 1 K ) JE PR A B (o754 ~40 30 20 -10 0 10 20 30 40

X . i #%/mm
TGRS FAT] LA SWAHSE
: N B11 FHXEHNERMExTtt

1L ATAT B Sl RPSW-SE-R 99145 HIE /) Fig. 11 Comparison of skeleton curves of specimens
F RPSW-SE, i% &t T4 RPSW-SE 7EZ MR 5, b &R
TR SBE 3k A rh AR BRI A | T T 40 32 BURE RB G 14 I, 0 00 V2 R - 355 (K 9y S i A3 s i) 17 3 42
RPSW-SE-R %I 3I WIEE | M HA 301 W B2 s /N T RPSW-SE , {H HARIE B8 1 i AL Tl /4 RPSW-SE , K A
AR AR 1 52 i RPSW-SE-R 7EIn# 7 2258 & Az va ik b R8s AR S5 0 A%, A Re (8 B9 il A
R B2 XS8R T, BTG B R AR , A BE A B A PR IRR S 5 A 3 o e i e 1] I 28 5
FE Iz B SE M B T RS TR AR A EL
4.3 FEME

AR SCARE SCHRT 22 T Hh i J LTV P v e i 0 S RS2 3% A R MR AT 28 P, o 25 IR AEAS TR P R ARFAE A 114
JIEARPRINGR 2 Fis . Horb A s IROLES s PN SRR EE T A, W IE AR AR T XS LIRS 5 P, I B AR 28
J15 A, A FRIRLRE 5 P oA IR LR RS LB 7R AT s S IEVE R B e, N PRI IEE 28, P36 2 ] A
SW B RS20 15 mm, i RPSW-SE I RPSW-SE-R HJ# K535 2 23 ~ 30 mm, BB T 57 Sy 5% i)
AT RE 1152 BH 8 st | TR R AR 2k 0 RN AR LR SW AT BITREAIG X £ & [ RPSW-SE Al RPSW-SE-R
AR DA 2 F A R B 32 e A4 o 1 T Ay ST 32 T B 3588 P 0 0 4 o 7 P 0 48 1) SN L R g 42 v il
BET X A T AR R 12 DX EA T T — 2 R B A I 55 , (EL 4R B J2 PR FRE RE E 1 AU KT s B T R e 2%
PR RE) 3 O T B RS N g kR AR A5 AR skt O T TR B AR Y DD MEMERE IR | s 4 R T B A R
RAFASIERE ), N de Tt Tl i AR T e fg

ARV [ R R AE— B 22 5, B2 TR M T AN A SRR e R,
K RPSW-SE B ZEFE A SW A Y, LI RPSW-SE Ay Fc R 2 Ui B A1 SW AR | [RIAE g S8R 1)



68 WwoE L B 5 T ®B & 3 445

WPk S VIR  fH e KR AR T 2.4% VA L 8 KT 5 385 45 70 K2 h i 2 R 3% 47 BRAE, 22 T2 e ) 1
SRR ; [R5 B RPSW-SE-R 11945 5 IR R IE(E A RPSW-SE T 1L, & i {4 RPSW-SE %%
Sy FEAR ) S AT PR T RE

F2 BIRGMESE S LN N FIER

Table 2 Mechanical indexes at feature points of specimens
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Fig. 12 Stiffness degradation curves of specimens
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Table 3  Characteristic values of energy consumption capacity of specimens

E,.
iR F]p/(kN © mm) E/(kN - mm) {vq/(kN « mm) E'",/(kN « mm) a:ﬁ/%
»
SW 14504 0.515 0.08 — —
RPSW-SE 64346 1.090 0.17 57268 92.1
RPSW-SE-R 70384 1.000 0.16 63887 90.7
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