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Seismic theory development of shear walls in tall buildings
from high strength and high rigidity to resilient design after earthquake

WANG Wei, REN Yingzi, SU Sanqging , HOU Mingyue , WANG Xin
(School of Civil Engineering, Xi'an Univ. of Arch. &Tech. , Xi'an 710055, China)

Abstract: Shear wall is an important component to resist lateral forces. It mainly bears the horizontal and vertical
loads caused by wind load or earthquake, and prevents shear failure of the structure. It is of great significance to
the seismic resistance of high-rise buildings and super-high-rise buildings. The traditional shear wall is thicker and
heavier, so it is easy to show poor performance under the action of large earthquake, and it is difficult to repair or
expensive to repair after damage. In recent years, seismic design has been transformed from the initial pursuit of
high strength and high rigidity to the combination of rigidness and flexibility, and the design of shear wall has also
been transformed. In this paper, the design concepts, characteristics and research progress of different shear walls

are summarized, and the prospects of the design of new seismic shear walls are put forward.
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HAT, A2 E DT 1 & Fhal o ) 1 0 i&
ERIN, 2013 4F B VAR SF Bt 1 =R R 28 2
F T B 4G L OB 22 FEREAA) A (DLIET 8), X ] B
P AT TR IREE . PR AR R (a) B
“ORBR 22" W aE T R DI AR TR AN E G, REWS TE
O RAFH BT U TR B/, B RE RE 0 B8 W A
(b) B OREG 22" ) 23 A VERE e e, TN 1o 0 FH 98 L 45
J7s (o) B OB 227 o] 7 ] T 25 i) b 8 R Y ] B 46
HERE, FFRTLABE T S il R A e] B A Rt S
I N7 e T AR A AN [ 0 25 4 RS AN [ ) o R
Rt Tk, UFEsr RiE& B . Brittz 4,
2014 4F, 1B VbR S5 0p Y T B 48 i R A U BT A7 ik
PURMEREZEAT T IRBR B 5T 5 2015 4F, ZZHRAR™
S O0F HI T A BN O SR DU RR R RE HEAT T ORI BR
ZOEE b AT G i B Y R )2 2 M B DR
REVEAT TRLELS» BT 5 2016 4F, AREkIGE S 0f R H
FERE M0 E e 0 R BEAT TR AR R, i 9 B
ANy 2017 4F, B VEAREE R U W] B A i R A
Ty A TR BB - 24 4 v 0 BT B 36 3 Bt 1) DR VR RE #E AT
TRIRE T, WY & BT B 45 5% Bt BE 65 4 0 IR
Sl B AR b, aT A A R E O 4

HIRVEAR T, T s A T R B O HE G R 1 1.
[l Bk, ) B 46 54 R A B B/ 1 RS B AR
S

[0 il
(a) BEARITA 22T FLING
L R i

(b) i P ERZ
WA 7 TR i

. , =
(o) ENTHRPATINE R

B8 “{REL”IEAEH D
Fig. 8 Fuse installed at the mid-span of

replaceable coupling beam

FIER3
e 8 o 8 e 8808 a || 5
o o o o o o o o i ftH4
N st
LN ikl
] fan2

9 R RINE N E R
Fig. 9 Steel H-beams with replaceable

energy dissipation angle

LR, O6F T 87 7 58 i ] 58 45 F 50 32 AR v A
e s A AL Ve AT A A, S I R BT ) B RS T 5
BRI EC) B 357 9 5 e DX R 46 LLRE RE A A, fR AP BT
TIREHARFPIAZBIR. 2010 4F, Ozaki 2T
— il AR 2 A 8 B T Y BT 66 BE B B 2 45 Y
BARNET N iR R, I 10 PR, %k &K e
T O A A R B A ) T A B AR B
1 IR 43 1 7% RE B AT DL i BH e & B AR T SR T
AL R, Bk 1B I 60 B e g8 B BOE
HIFERERE I M DUIR TERE, 9 78 J5 v B 5652 i fH e
arLAPRE R E A ThRE, $R TSR R iy aT
FREEPE 5 2011 4R, BEARABAEA " S i
Tl A n] B 4G 45 A A ) B A R e BY T8
PGB 11 Pz, B0 S 8 SR ] 28 )2 A% FR I
IR AR 2 45 T i, B )RR REE T, BN R
HREZAGE AT MR, Gl E AR S BRI EE
T AR IR A . WEOT AW A AT B
Ha A 60 B D B ) K - 2K BRE 7 P i BT D RS AIS,



bl

5499 S A

YU RGO\ B R 197

AT RE 1 BT S BER 2 £, AERERE TEJE IR A
I A bl 3 S S B L S AR RERE D BUA W) I 4
Yol B S PR 2 B b 2 Ay R B 0 B AR T R T B 46 AR
REA 1 Y R T BE ST A5 A 565 2016 4F, XA
PRSI T — R A o0 ] B A L AR,
P 12 B, kT 3 4 s A v ) S vl B 450 45k AR
FRERy, LA Bt i AR N K TR B s K
PR HIE R IT, AR BT R R B E AR
SR, A IR TR AT R B R R BT T A
RER &F, KNy 8RR A R T 25 1) O/ 55 A2 65 64 K 22
BB 2017 48, FERFESE NG T —Fh
(R SEARARREM A, A 13 PR, IR R
R SRS - LR TR e I = A I 13
PEFIFERE RE T3 W AR T 1% S5 87 i, H HBR
F R A ] E A b

10 T #eE 65 4W PR JE 28 O SM AR B A7 3% 0
Fig. 10 Damage-control systems using replaceable energy-

dissipating steel fuses for cold-formed steel structures

I |

: !

—— #

TEBB e E

i

GY k%, BRI

B HTEHRERGRERS
B & £ TR B 1 B g5 L13s36]

Fig. 11 Shear wall with replaceable rubber foot member

I~

™ AR INGE X

1T

_ | HT S I

{
\
\
)

T

T

B 12 WA E R R B A

Fig. 12 Reinforced concrete shear wall

with replaceable corner components

13 A EGREEB e DY
Fig. 13 Rplaceable corner component

3.2 EEBEAHE

1963 4F, £ A 4E e I Tolk K % ) Hous-
ner ' & BUFFHRIE T — AL Ik 5540 A = ALK S, B
TAEHLTEAE F b & A PR A T AE 1960 4858 | b 7% v
HRIEZHEIR. Bl St 4R 2 R A (UL 14)
W HUE e R WA EERT
e E e B TG 4. thit, i MR
1PN AR el LR - 9 D0 e AR AT NS
R, MR KPR AR EE R TE, B
TLE U E e, i Tt ek fn, 1
PRUE_E A NI AT 3 T, il R E R TS
IO HE B TR 5N (1 BE &

(4 0

RV PELES

Fig. 14 Rocking mechanics model



498 [T = S N N

¥ RERPHEM) 851 %

2001 AF 1R BT 1355 5 — IR V. H T 58 b A2,
BT 22 EMA s A T — A 14 2@ 5 SE i E H
2009 4F, Wada 5" 780 R 5 Tl K 5 H A X
— RSB N mH R T RN S5
JERRERE I 7 2. A5 R, N g7 T R
PR AE T 0 25 A4 e 2. U BB4E, FR4EET )
SR 5T 1Y) 3 R A 4 ] 5 B 4 SR

e K B, OoF 4% 43 45 0 WF 9T 48 T JLAE W,
FEE P AE AR . 2011 45, fh 3 A )
SRR T T RE AR - HE SRR R AR AIL 0 4 R
AR, I T —Fh 2 H A SRR N B A4S BT ik,
F R BIZ LA B R PUR TR RE TR 5 2011 4E ¥ J7 Ak
N ABAQUS # il Pusover 4347 %t $2 12 4%
HELLEE M ) PUREREEAT TR 9. B A4 R
FHH, MIRIERG G, AN S5 W00 K B RE 7 R AE P
WA TR RS, 2R A S AN A
2012 AE I AR NS T — o ) 4 42 85 15 IS
AR, W 15 PR, i — R0 RS I
R TR EE AR, I A SRR, B
17 e L2 M AL RS o A B34 55 2013 4E 3
BEREEY SR S B s Ay T ik, X 10
JEZIRABREAE QL2 0 | HE 20 25 4 FHE 28 BT g 5% 89 bt
EPEREREAT T P BT, A R, 4 eESQ
HE L0254 () J2 1B 7 F6 L 38 38 20, 70 15 28 1% 4 22 2%
25 5y SE B AT 95 R 454 2015 AE, sKE
SCH BT A 05 A 5 HE S T A A 0 S R A ) Y
AT T R R E, R R, BT E R 1R
ERRECEREMFERERE V4R &, H R ZRALE
35, HREHE IS I G I AE U A A |
A BTS2 B R S i ]

)

| R

B 15 BB RE S
Fig. 15 Construction details of the bottom of rocking wall

3.3 BEMHAE

1999 4F, Kurama ™' $# th T —F B E 187 J)
B, E 16 BroR, B AR TREE BT 5E e
U 1) JERN 45 S sk B TN ) AN 4 R AL, B 5
Tl 27 SR B AR, A B7 1k BT g 55 555 Bk Ak Y 1 £ vh

DIRBE IR, 75 58 ik Ak o8 1R B A RE 5 2, i
ERBE LAY NG RBIRE S, XFAE
0BT b A8 B R N 1) A2 T L B iR, B
RIFHAZTERE S, Kurama " Fll Restrepo ' 7E L ik
LU AL b, 2N 7R RE e A% (ULIET 17)
HEREFE e a5 (WLIE 18), sifk AR iy, BHJE &l
DL 518 355 4 (4 FERE RE /1.

jiifay
tH— = o
/—
ToR 4 e sk
FURE S35
AR
AR
2 TIX {1
[
i an
TeRG 4 J5 kT

W38 A LA WA SRAE

B 16 BE a5 At

Fig. 16 Self-centering shear wall

g i it BHL 2 2

AR BY 14

XA

AN
B 17 ##hmEREMNE S Aw gl

Fig. 17  Self-centering shear wall with viscous damper

A0 BY 7 455 B0 355 A DRSS 5 3 A ) S % )
BT, R F TG Fh 4 N T 555 6 5 A 5 O ik A
B, AEALEY IR SRR IR0 KON E T
BAESY Bt O U s D AR AR E Ty,
B &AL BY Jy 55 E i TR T s PR R 1. &
EE N2 ETE 2010 4ELLE, R8T H B 0080 k%
HWETT, FEERFEEM AT L 2010 4F, FRiE
A S A BR e A AT TSR T 4% B A BY
TG J12E R RE s 2014 AR, AR RN AR




540

£ OHL % AR ABSPUREICR R Mk a R B R G R E it 499

IR A IR ST B A o A 1 B B R A1 BT A
FETERE; 2016 4F 2% TR B &AL 8T G
T 37 8 A 8 4 Tl B A9 L0 s R e RE AR,
19 Brom. KSR B &AL PRk BL: it

BT S AR T RE S B0t , AR S AR TR B P AR AR
HRAEAL , BRI AR R AR TR RN, HASA —
SE B FERERE /1.

oL AVED ST H

EREE A oy /[H H] T

" o I
T AR T B
e 1| il
. [ [ il
7 ST | || |&mness
L e I g
| |

G 11 3 i L A 7L
EIES AR AN

WIRE
T\4

B M
AL |
B 18 TN B8 K B & i 5y Sy iE0

Fig. 18 Self-centering shear wall with mild steel damper

{ LB o
| ([ et
L

mml

o523 ToR 45
LiSie TN FI 73

L]

I atyil

I
| B |
B 19 BEMEAEHTRERS
Fig. 19 Deformation mode of self-centering shear wall

EJLAE, B &AL RE Y 52 BL U7 3 IE 8 ) 2 Fh
FERE 5B [7] I B2 M) B A S & . 2015 4F, Khan-
mohammadi 55 BT T — L5 FE RE R 2 A
VR T ZEE (LI 20 ) R BR 1) M 5E 77 6k 45 44 5% 1 64
HEN R HURERE; 2017 4F, Twigden %% X}
T FERE RGUHN A S AL BEAT T IR RN BRI W
25 SR AW A BE S I A B, N FERER B G A
AL BY ) 55 ) P E U

TR S
BY 8 R 2 R HUAS ) B ST A A,
BEE W2 . 2 5 00 3 DL e 3 ) e

N0

TR 7

|

|

|

T s

| s

Pnﬂ/

!

VO
rLLII II-LL|

B 20 RN ALE K E S fr 8 0

Fig. 20 Reinforced concrete shear wall

BN,

using multiple rocking systems

oK BN T 32 Ve, Xk BY 7 55 1k E 00 SR RE 2 12
. B EREPURE BT H AT AE G SR “HUREAH B HY
LREDUR, YU RIAE g5 MR AN U RR AR R PR
LA RE A 0 R B A6 A0 B0 B R 2 SR 41 T Ab
TR R AR T, OR A TR A B e R, G 4
PR DU B YRR 5 FE T BRI AE g5 XUPR AR
WREEMNT, VIR EEET )R MFeRE, gy
1) A 5tk XU AR L% R A = T H0™ AR £
EE. PEEEY 7 5E B PUR A Al S T BE B4 RE
B3 1A% 48 00 i i BT 7 3 A iR BRI M R, 9 /b ML R
BEIRA, I nT R H B R B, Bt S A
AE, PRI S B R B PURE BY 4. BT 1
PR BT SR AE AW UL, A JRIE T AE LT
77 T TF Je it — A ) 50 AR

(D) 7Y s A B Him thfg, L
WEC S PR RE A Aok, Rl B, B &AL
RGN BRG SN, Wi EAR T 44
P BT R 2 AL RE BY J1 5.

(2)RM g, B & A A R8T S hswE, 87
3 555 58 AV B 5 3 M B AR I A3 43R 1 L Y 4
il A — 8.

() FT PR N IE S, X YR
BY 35S 0RE 0 B B A

(4) A 78T 8 B HURE BY J7 55 00 25 ) e i F0 46
JUAEH T A SR R BY D O T ik
HA) 3 BT RIR B i S5 E 5T SR LT
S X @k References
[1] WANG Bin, JIANG Huanjun, LU Xilin. Seismic per-

formance of steel plate reinforced concrete shear wall

and its application in China mainland[]J]. Journal of

Constructional Steel Research, 2017, 131 132-143.



500 Mo S B B K % % A RERERD %51 %
(2] JHB, BVOMR . RIBRLER R B EN LRI LRT]. [13] ZHOU Ying, LU Xilin, DONG Yuguang. Seismic behav-
BHLE R, 2011,32(9): 1-10. iour of composite shear walls with multiembedded steel
ZHOU Ying, LU Xilin. State-of-the-art on rocking sections. Part I: Experiment []J]. The Struct Design of

and self-centering structures [ ] ]. Journal of Building Tall and Special Buildings, 2010,19(6) :618-36.
Structures, 2011,32(9): 1-10. [14] DAN Daniel, FABIAN Alexandru, STOIAN Valeriu

[4]

[10]

[11]

[12]

LI Chao-Hsien, TSAI Keh-Chyuan, HUANG Hsuan-
Yu, et. al. Cyclic tests of steel plate shear walls using
box-shape vertical boundary elements with or without
infill concrete[J], Earthquake Engineering &. Struc-
tural Dynamics, 2017, 46(14):2537-64.

CHEN Shengjin, JHANG Chyuan. Experimental study of
low-yield-point steel plate shear wall under in-plane load
[J]. Journal of Constructional Steel Research, 2011,67:
977-985.

BERMAN Jeffrey. Seismic behavior of code designed
steel plate shear walls [J]. Engineering Structures,
2011, 33:230-244.

PAVIR Aydin, SHEKASTEHBAND Behzad. Hyster-
etic behavior of coupled steel plate shear walls[]].
Journal of Constructional Steel Research, 2017, 133:
19-35.

e NRAEFIE 4 5 AL 2 @ Bl . AR BT iR R
MR JGI/T380-2015[S]. db . v e g 51 Tolk i hie
#t, 2015.

Ministry of Housing and Urban-Rural Development of
P. R. China. Technical specification for steel plate
shear walls: JGJ/T380-2015[ S]. Beijing: China Ar-
chitecture and Building Press, 2015.

ZHAO Qiuhong, SUN Junhao, LI Yanan, et al. Cyclic
analyses of corrugated steel plate shear walls[J]. The
Structural of Tall and Special Buildings, 2017,26 (16):
1319-1335.

HOSSEINZADEH Leila, EMAMI Fereshteh, MOFID
Masood. Experimental investigation on the behavior of
corrugated steel shear wall subjected to the different
angle of trapezoidal plate[J]. The Structural Design of
Tall and Special Buildings, 2017, 26(17):1390-1396.

oA N R IEFIE AR IR & dt B . A S5 BT L
J8:JGJ138-2016 [S]. Jbmt: o [ & 5 T olk i
#t, 2016.

Ministry of Housing and Urban-Rural Development of
P. R. China. Code for design of composite structures;:
JGJ138-2016 [S].
Building Press, 2016.

NIE Jianguo, MA Xiaowei, TAO Muxuan, et al. Ef-

Beijing: China Architecture and

fective stiffness of composite shear wall with double
plates and filled concrete[]]. Journal of Constructional
Steel Research,2014,99:140-148.

EMORI Katsuhiko. Compressive and shear strength of
concrete filled steel box wall [J]. Steel Structures,

2002,68(2):29-40.

[17]

[18]

[22]

[23]

[24]

Augustin. Nonlinear behavior of composite shear walls
with vertical steel encased profiles[J]. Engineering
Structures, 2011, 33(10): 2794-804.

WU Yuntian, KANG Daoyang, YANG Yeongbin. Seismic
performance of steel and concrete composite shear walls
with embedded steel truss for use in high-rise buildings[]J].
Engineering Structures,2016, 125:39-53.

JI Xiaodong, LEONG Tongseng, QIAN Jiaru, et.
al. Cyclic shear behavior of composite walls with en-
cased steel braces[]]. Engineering Structures, 2016,
127.117-128.

DONG Hongying, CAO Wanlin, WU Haipeng, et
al. Experimental and analytical study on seismic behav-
ior of steel-concrete multienergy dissipation composite
shear walls[J]. Earthquake Engineering and Engineer-
ing Vibration, 2015, 14:125-39.

WANG Wei, WANG Yan, LU Zheng. Experimental
study on seismic behavior of steel plate reinforced con-
crete composite shear wall []J]. Engineering Struc-
tures, 2018,160: 281-292.

HOSSAIN K handaker, RAFIEI Shahryar, LACHE-
MI Mohamed, et al. Finite element modeling of impact
shear resistance of double skin composite wall []].
Thin-Walled Structures, 2016, 107:;101-18.
HOSSAIN K handaker, RAFIEI Shahryar, LACHE-
MI Mohamed, et al. Structural performance of pro-
filed composite wall under in-plane cyclic loading[]].
Engineering Structures, 2016, 110:88-104.

RAFIEI S hahryar, HOSSAIN Khandaker, LACHE-
MI Mohamed, et al. Finite element modeling of double
skin profiled composite shear wall system under in-
plane loadings[J]. Engineering Structures, 2013, 56
46-57.

RAFIET S hahryar, HOSSAIN Khandaker, LACHE-
MI Mohamed, et al. Impact shear resistance of double
skin profiled composite wall[J]. Engineering Struc-
tures, 2017, 140, 267-85.

BV, BR =, B AE . L5 U Bt BB & T K
HINRELE T ], FE R% 54 B AR, 2011, 39
(7). 94-948.

LU Xilin, CHEN Yun, MAO Wanjun. New concept
of structural seismic design: earthquake resilient struc-
tures[J]. Journal of Tongji University ( Natural Sci-
ence Edition), 2011,39(7):94-948.

EVUEAR, BREE . AT T A A 00 5 4 A AR B T O R
[J]. Hbi% TH 5 TREE), 2014,34(1): 27-36.



5499

£ OB, % @R

WP FRIE R R N 3 W B AR ) T

e i 501

LU Xilin, CHEN Cong. Research progress in structural
systems with replaceable members|[J]. Earthquake Engi-
neering and Engineering Vibration, 2014,34(1):27-36.

[25] FORTNEY Patrick, SHAHROOZ Bahram, RASSATI

[26]

[27]

(28]

[29]

[30]

[31]

[32]

Gian. The next generation of coupling beams[ C] //Inter-
national conference on composite construction in steel and
concrete. Mpumalanga, South Africa, 2006 619-630.

B AR, PR B . T B A R RS 22 BT TR P R I
WWETET]. M kiR (H AR, 2013, (9)
1318-1325.

LU Xilin, CHEN Yun, JIANG Huanjun. Experimen-
tal study on seismic behavior of “fuse” of replaceable
coupling beam[]J]. Journal of Tongji University(Natu-
ral Science Edition), 2013,(9): 1318-1325.

BVUAK, R B T B 4 i R0 SUBCEY O B BT
RPEREIRI W [ ], FHF RF %M (B RB M),
2014,42(2):175-182.

LU Xilin, CHEN Yun, JIANG Huanjun. Experimen-
tal study of seismic performance of coupled shear wall
structure with replaceable coupling beams[]]. Journal
of Tongji University (Natural Science Edition), 2014,
142(2):175-182.

LRAR, EEWR, DEiie, 55 . 0] IR E R BT E A
PRIRRF [T ]. BEHLE M S 4R, 2015,36(10) :1-10.

JI Xiaodong, WANG Yandong, MA Qifeng, et al.
Experimental study on seismic behavior of replaceable
steel coupling beams[]J]. Journal of Building Struc-

tures, 2015,36(10):1-10.

BRZ, BVUAK, 3 0CE . ol ol BE 40 00 8 i B A A AT
TEREMFLT]. 3 S5 bk, 2015,34(9):1*8-
CHEN Yun, LU Xilin, JIANG Huan-jun. Seismic

performance of a super tall structure with replaceable
coupling beams[]J]. Journal of Vibration and Shock,
2015,34(9):1-8.

PRz, B PEAR B3 . ] S 40 3% S 00 BT B 8T Ty KT
HoMm5RIIELT]. I RF M (BARER,
2014, 41(9):49-53.
CHEN Yun, LU Xilin, JIANG Huanjun. Detailed
simulation analysis of shear wall structures with re-
placeable coupling beams and experimental verification
[J]. Journal of Hunan University (Natural Sciences),
2014,41(9):49-53.

FRgee  BRLL— . R I RERE A HR %E 45 00 F0 44 vl B 46 232
I FE[]]. BN H) 5 ), 2016,37(7) :5-45.

SHAOQO Tiefeng, CHEN Yiyi. Experimental study on

steel H-beams with replaceable energy dissipation an-

gle[J]. Journal of Building Structures, 2016,37(7);:
5-45.
E VAR BRES . B B AT 40 G 0 UL BT TR B - 45 A
WG IRE U [T]. A =R, 2017,38(8):
45-54.

[33]

[34]

[35]

[36]

[39]

[40]

LU Xilin, CHEN Cong. Experimental study on steel H-
beams with replaceable energy dissipation angle [J]. Journal
of Building Structures, 2017,38(8) :45-54.

OZAKI Fuminobu, KAWAI Yoshimichi,
Hiroshi,

TANAKA
et al. Innovative damage control systems u-
sing replaceable energy dissipating steel fuses for cold-
formed steel structures[ C]//20th International special-
ty conference on cold-formed steel structures-recent re-

search and developments in cold-formed steel design

and construction. University of Missouri-Rolla, USA,
2010 443-457.
OZAKI Fuminobu, KAWAI Yoshimichi, KANNO Ry-

oichi, et al. Damage-control systems using replaceable

energy-dissipating steel fuses for old-formed steel
structures; seismic behavior by shake table tests[]].
Journal of Structural Engineering, 2013, 139(5): 787-

796.

EVEAR, BRUH . A u] 5 A BT O 5
Jrik ()], 4 TR0, 2012, 28(3):12-17.
LU Xilin, MAO Wanjun. Design method for RC shear

i it

walls with replaceable foot parts[J]. Structural Engi-
2012, 28(3): 12-17.

BT, B VUK . Y AT T G AR 1 BT g 8 B A
MBI [T ]. R R R (B ARFLEIR) ,2014,45
(6):2029-2040.

MAQO Wanjun,

neers,

LU Xilin. Quasi-static cyclic tests of
RC shear wall with replaceable foot parts[J]. Journal
of Central South University ( Science and Technolo-
ay), 2014, 45(6):2029-2040.

XA, PR . 2 T B 4G Kl IS A B O B B
WEEAHT] F B R (B ARB 200, 2016, 44
(1) :37-44.

LIU Qizhou, JIANG Huanjun. Design Method of new
type of reinforced concrete shear wall with replaceable
corner components and its analysis [ J]. Journal of
Tongji University (Natural Science Edition), 2016, 44
(1) :37-44.

LIU Qizhou, JIANG Huanjun. Experimental study on
[J].
Earthquake Engineering & Structure Dynamics, 2017,
46, 2479-2497.

HOUSNER George. The behavior of inverted pendu-

a new type of earthquake resilient shear wall

Bulletin of the
53 (2):

lum structures during earthquakes[ ] ].
Seismological Society of America, 1963,
403-417.

WADA Akira, QU Zhe, ITO Hiroyasu, et al.

retrofit using rocking walls and steel dampers[C]//

Seismic

Proceedings of ATC/SEI Conference on Improving the
Seismic Performance of Existing Buildings and other
CA, USA: Applied Tech-
,3(2):38-48

Structures. San Francisco,

nology Council, 2009.



502 o o# OB Bk REARER 5 51 %

(417 HRAE 207 . FRA2E% - HE 224k 2R 00 078 351095 ML il 4 ) shear walls[J]. Journal of Building Structures, 2014,
WEsE ()], HumE T 5 TAYRS), 2011, 31(4): 40-50. 35(5):17-24.

QU Zhe, YE LiePing, Seismic damage mechanism [50] MG, E4EB, 22458 €, 5 . IR FFLE TN 187 fi 5%
control of rocking wall-frame system[]]. Journal of ZER) SR EREM A IR T AT [T ], B 9 Ik TRE 24 4R,
Earthquake Engineering and Engineering Vibration, 2010,30(6):631-636.

2011, 31(4): 40-50. CHEN Shicai, RUN Weiming, LI Zhenbao, et al. Fi-

[42] BITAK, gk it sk i3 4E , &8 . AN TR e - i HE P9 5k 4N nite elemet study on mechanical behavior of the post-
WAHESE hiEhiEMR )] EARTESEH %R, tensioned rocking shear walls with bottom slits[]].
2011,28(3):219-253. Journal of Disasler Prevention and Mitigation Engi-
CAO Wanlin, ZHANG Wenjiang, ZHANG jianwei, et neering, 2010, 30(6): 631-636.
al. Seismic research and application on embedded steel [51] 42484 BVOAk, BB . I /K24 1 8 8 A8y
plate concrete shear wall with concrete filled steel tube HEGRIG R KR )] WETRES TEES,
columns[J]. Journal of Civil Engineering and Manage- 2014, 34(6): 103-112.
ment, 2011,28(3): 219-253. DANG Xiangliang, LU Xilin, ZHOU Ying. Experi-

[43] WIGH), M, RorE % . EZL-RIERRL ik R b i mental design and measured behavior analysis of self-
EUERBE I []]. M ¥R, 2012,33(12): centering shear walls with horizontal bottom slit[]].
38-46. Journal of Earthquake Engineering and Engineering
CAO Haiyun, PAN Peng, WU Shoujun, et al. Exper- Vibration, 2014, 34(6).: 103-112.
imental study of connections of frame-rocking wall sys- [52] &A% BVOAK, B . IRERFF K F4e ) 8 B v 87
tem [ J]. Journal of Building Structures, 2012, 33 TR o BB EARL )], BT RS TRERES,
(12); 38-46. 2014, 34(4): 154-161

[44] FEE VR, FAW . IREE L HE 20 - 323 B k R PUB PR R 7T DANG Xiangliang, LU Xilin, ZHOU Ying. Experi-
[J]. TREYUESINE Sk ,2013,35(2): 19-28. mental study and numerical simulation of self-centering
PEI Xingzhu, WANG Pei, Study on seismic property shear walls with horizontal bottom slit [J]. Journal of
of RC frame rocking wall[J]. Earthquake Resistant Earthquake Engineering and Engineering Vibration,
Engineering and Retrofitting, 2013,35(2) :19-28. 2014,34(4):154-161.

[45] sREC, Zm B, FTE X, % . HEQ - R IBREA W ENE (53] SoAR 3, BVOAK, BRIL, % . JRETFKPLETN 1 B &
REIRIRANIE ) ). BEHUEE M 54k , 2015, 36(8):73-81. MBS RS AR T[T ], T/ 5%, 2017,34(6):
ZHANG Fuwen, LI Xiangmin, XU Qingfeng, et al. 51-63.

Experimental study on seismic behavior of frame-rock- DANG Xiangliang, LU Xilin, QIAN Jiang, et
ing wall structure[J]. Journal of Building Structures, al. Finite element simulation of self-centering pre-
2015, 36(8):73-81. stressed shear walls with horizontal bottom slits[]].

[46] KURAMAYahya, SAUSE Richard, PESSIKI Ste- Engineering Mechanics, 2017, 34(6): 51-63.
phen, et al. Lateral load behavior and seismic design [54] 5@ BV, BEWRE, S . TV 7706 1R & 87 f 5%
of unbonded post-tensioned precast concrete walls[]]. PIEMNREIRI M oT ()] @4 24k, 2016,37(5):
ACI Structural Journal, 1999, 96(4). 622-633. 208-217.

[47] KURAMA Yahya. Seismic design of unbounded postt- WU Hao, LU Xilin, JIANG Huanjun, et al. Experi-
ensioned precast concrete walls with supplemental vis- mental study on seismic performance of prestressed
cous damping[J]. ACI Structural Journal, 2000, 97 precast concrete shear walls[]J]. Journal of Building
(4): 648-658. Structures, 2016, 37(5): 208-217.

[48] RESTREPO J I, RAHMAN A. Seismic performance [55] KHANMOHAMMADI Mohammad, HEYDARI Sajad.

[49]

of selfcentering structural walls incorporating energy
dissipaters [ J . Journal of Structural Engineering,
2007, 133(11): 1560-1570.

ARG, BVOAKERIL, % . B E AL TN 1B R
PERE SRR E BT A B TT o T[], LSS5 4R,
2014, 35(5): 17-24.

DANG Xiangliang, LU Xilin, QIAN Jiang, et al. Fi-
nite element analysis with solid and plane element of
self-centering pre-stressed

seismic performance of

Seismic behavior improvement of reinforced concrete shear

wall buildings using multiple rocking systems[]J]. Engi-
neering Structures, 2015, 100: 577-589.
[56 ] TWIGDEN Kimberley, SRITHARAN Sri, HENRY

Richard. Cyclic testing of unbonded post-tensioned con-
crete wall systems with and without supplemental damping

[J]. Engineering Structures, 2017,140: 406-420.

(% ARFAD



