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Study on calculation and application of the coupling ratio for coupled shear walls
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Abstract: The coupling ratio (CR) is an important parameter that measures the mechanical behaviors of coupled
walls (CWs). The design method using CR for CWs has been adopted gradually and internationally. To calculate
CR 1in elastic and plastic stages and clarify a reasonable range for its application, a calculation method was proposed
based on theoretical derivation and numerical simulation results. The variation of CR during elastic-plastic stage and
the responses of CWs with different combinations of elastic and plastic CRs were analyzed. A theoretical formula for
calculating top lateral displacement of CWs was put forward, and the suggestion on realizing ideal yielding
mechanism for CWs by using CR was given. Results show that the calculation method of elastic and plastic CRs and
the formula of top displacement were both effective and reasonable. The elastic CR was mainly controlled by the
geometry of CWs, whereas the plastic CR had impacts on the ultimate strength and ductility of CWs, whose upper
limit should thereby be set. The difference between plastic CR and elastic CR should be larger than 10% so as to
avoid the occurrence of yielding in wall piers prior to most coupling beams. A safer and more reasonable design for
CWs can be achieved by calculating and controlling CRs.
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Fig.1 Distribution of moments in a typical CW
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Fig.2 CW calculation model under lateral loads
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Fig.3 Flowchart of calculation procedure for elastic CR
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Tab.1 Geometric information of typical CWs
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Fig.4 Comparison of elastic CRs under three
types of lateral loads (7=0.9)
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Fig.5 Comparison between numerical simulation and test results
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for 18-story typical CWs
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Tab.6 Yielding order of base wall piers and

coupling beams for typical CWs

(R, - R yast ) e
R./%  R,/% R )/% Gt I Qa2 a4

' {7 #%/mm /mm /mm
55.8 30.0 25.8 55.9 103.6 (9/10) 117.1
5.8 40.0  15.8 62.2 91 (9/10)  114.4
55.8 50.0 5.8 72.1 75.7 (5/10) 104.5
55.8 60. 0 -4.2 83.3 71.2 (0/10) 106. 3
66. 4 30.0 36.4 55 102.7 (9/10) 115.3
66.4  40.0  26.4 6.2 91.6 (9/10) 112.6
66. 4 50.0 16. 4 71.2 75.7 (5/10) 103. 6
66. 4 60. 0 6.4 81.1 70.3 (0/10) 102.7
59.6 48.5 11. 1 100 101.8 (3710) 135.1
55.7 47.6 8.1 102.7 84.7 (0/10) 109

70.2 57.8 12. 4 107.2
66. 9 58.3 8.6 109.9
70.7 59.1 11.6 212.5

91.9 (0/10)  129.7
73.9 (0/10)  96.4
271 (11/18)  388.9
209.8 (3/18) 289

255.7 (4/18) 336.7

67.5 58.1 9.4 205. 3
77.5 68.2 9.3 238.6

75.1 66. 1 9.0 216.1 181 (0/18) 257.5

V2011 (9/10) Fr% 10 ML RAT O AL R MR 50 B 16 i sl 3 2
TR U 9 T 5575

2)#A T RIS B XS R, AR Y R, %
R IR B B8 R . HRET, 7E R, BN,
T SCHR[ 16 — 17 [ i H AR R, 58 0% i R
BT, SCHRL 18 ] 3a 2 5t [ B2 [R] 2 7% £ BRAEL, FR
HARE LN R o T R, 5 XR34S BR K
BT, P T X H R BB, (R, R, 5



- 50 - VT O S N AN

553 &

Jis 358 A 5P D i T A G, AR R, RN, AT REAS
JE SR T 57 7% BR i B3R, By LA o K67 8%
BRI R, TR AR . 7625 B A Jy E 95T 77
Fap R, SCHR (38 148 H R TS LA M VR M A BR
B 0 A 3E 5 HE 2 BB DL — B Pk A AR B hy
AT R AR B h s A A NEVER R
(Y BE I BT 7 5 XU W2V v BE 35350 o A, m stk
W B (TS 05 B A BRAE A 171 00070 5/ INEAE
FRISLIR BT FriE AAR SR (14) BIRTHIBT R, 750 2
PRER, TR F AR R, B XUBHS 9 LR

3) ELFR G LRSS RLE], 2 R, - R, =
10% . E3R%E R, AR, el H 2 T BB % 3 1
W B A A% BRI 98 1 B B 4 10 3% T PR RE AR R
KR 3.3 WAFFE 4 5L, Wl R, MR, (925 {H Al
VA S0 B 11358 i e T 22 50 22 e Al , a8 T S 2 XL
B A B SR AR IL AR

L5 TR @ R, M R, R, SRR, &
R, F1 R, BIZEME, IR BUAR SCEy S A S VAR
FE RN 3ROSR 5% 101 55 K S BS 28 28, BT 5%
Ho W FHAR A L8 5 A 58 OBURCS & B AT

5 %

ARSI o P AT FUEEARSEAU, 45 1 s A
SRR LE BT 07 1 AR AR 5 U H S BB K
SRR I BIIE TR A 3, IR i S RE U AR Y
FOXT, BAE 1 HATRE s PR AT 1 R LL RSS2 ]
RAVBAE S A L BUBE 32 71 1 BE AY 52 0 L
R AnarF RS & Lo S BRUS & R BT, A
WU

1) 3 5K XSS 335 35 F A D RS o ol 1 ) it Ar 2%
ORMBAT F 0k 0 AR & e X I L
P57, AT AR St = Aol KF far 80 20 34
PR A BT R A 30 AR SRS e 5 URE
T T AR X R ASUR S, 76 B2 AR I B _E AT 4t
TS FPE T BOR & He 3228 b BUBR B9 LA RS
Pl o

2) SRRSO S OB b ) B A R T
O 56 25 5 Bl XUBR AR S8 o OSSN, BB 5 L
it 2 19 I 119 3 SRGBOR , 2 o > 10 Z )5 fE A H
G TFF . MK 0B AT, A R DU S
(PR B LR B/ I « THERER 7 8 =
A AT 2 o E 3 ~ 10 B, ZKSP- iy 288 2R
SRR HL IR/ N R

3) HUUBHR R — R RIT 25 , i T 45 I M
PUREAR , H5 LU T 0 T W Bt 5 85 ML 40 0 7 2 1 0%
T, 7358 PR T A A i IR T, R P e AR

AL B , ORISR I TR, B 2 A 5 el 7 4
RIKI S o eSS LLIBVERR 2 I B, 2 ZHCER T
THR B MR, #G H 2 B R AR A AR T
iR R A T R R e IR o ik

4) I E SCHBERR G ki 1D 2 i e g )
ARAS, TR 2R A5 i J A i S 7R 307 110 56 &
TIPS & LU, 10345 L AT LA Lr b Sz i 98
BrBO A LERY RN o SBVEREG LU T2 22 i BRI 1 5
T L PR, 5 KA 28O UL 0k, 1k
Y LR M XU 35k A B AR 28T FSE:

5) TEBUA USSR TS A2 RS THR 2 U 6 |
A BEEAE T AAE fA al ASRAT R AR & LT3 XU

T BB S (6 B ffy FRAELHEA 70 2, 48 A L 1 B
OSBRSS R, 5 R, W22 (E AT LA R0
B 1R RS F 2 048 B R R T IR A SCHEL R, 5
R, W ZEAR/NT 10% o

5% Xk

[1] EL-TAWIL S, HARRIES K A, FORTNEY P ], et al. Seismic
design of hybrid coupled wall systems: state of the art[ J]. Journal
of Structural Engineering, 2010, 136 (7) .755. DOI. 10. 1061/
(ASCE) ST. 1943 -541X. 0000186

[2] HARRIES K A. Duectility and deformability of coupling beams in
reinforced concrete coupled walls[ J]. Earthquake Spectra, 2001,
17(3) :457. DOI: 10.1193/1.1586184

[3] Hggh, LR, X = %%, %, PRC &R — RS BBBT ks
PEREIHT[J]. T % ,2018,35(11) .53
TIAN Jianbo, SHI Qingxuan, LIU Yunhe, et al. Research on a
seismic performance of PRC coupling beam-hybrid coupled shear
wall system [ J ]. Engineering Mechanics, 2018, 35 (11);53.
DOI.; 10.6052/j. issn. 1000 —4750.2017.07. 0575

(4] AR, IR MRV, S5 5 3% LUBT TR0 TR 5 328 000k 45 140 o [
PERRIIH SRS ()], H AR TREA4R 2013 ,46(1) .52
SHI Yun, SU Mingzhou, MEI Xujiang, et al. Experimental study
on hysteretic behavior of innovative hybrid coupled wall system with
high coupling ratio[ J]. China Journal of Civil Engineering, 2013,
46(1):52

(5] A, B BT OLR 45 ] 22 28 ) 357 B 32 M e 45 4
JELMA BRICH T T]. TR J3%%,2013,30(9) :220
SHI Yun, SU Mingzhou. FEM analysis of the hysteretic behavior of
innovative hybrid coupled wall system based on displacement
controlled multi-points loading[ J]. Engineering Mechanics, 2013,
30(9) :220. DOI: 10.6052/j. issn. 1000 —4750.2012.05. 0377

[6] SHIU K N, TAKAYANAGI T, CORLEY W G. Seismic behavior of
coupled wall systems[J]. Journal of Structural Engineering, 1984, 110
(5):1051. DOI: 10.1061/( ASCE)0733 —9445(1984)110.5(1051)

[7] OZSELCUK A R. Experimental and analytical studies of coupled wall
structures[ D ]. Berkeley: University of California, Berkeley, 1989

[8] EL-TAWIL S, KUENZLI C M, HASSAN M. Pushover of hybrid
coupled walls. 1. design and modeling[ J]. Journal of Structural
Engineering, 2002, 128 (10).1272. DOI. 10. 1061/ ( ASCE)
0733 —9445(2002)128:10(1272)

[9] EL-TAWIL S, KUENZLI C M. Pushover of hybrid coupled walls.
II; analysis and behavior[ J]. Journal of Structural Engineering,
2002, 128 (10).1282. DOI. 10. 1061/( ASCE ) 0733 - 9445
(2002)128:10(1282)



%510 # X

B, A5 SULCBY SR & o7 vk SO IS

- 51 -

[10]LEQUESNE R D. Behavior and design of high-performance fiber-
reinforced concrete coupling beams and coupled-wall systems[ D ].
Ann Arbor: University of Michigan-Ann Arbor, 2011

(11 ]P0 7 A S99 34 B2 A T 56 5 ) Sl bR M R 9T [ D .
Ut AR, 2015
SUN Ya. Study on seismic behavior of hybrid coupled wall with
replaceable steel coupling beams| D]. Beijing: Tsinghua University, 2015

[0 15000, . 6 5 A % 0 B 5
] WL T2 2019,53(3) 1492
LIU Shuai, PAN Chao, ZHOU Zhiguang. Seismic performance and
parametric influences of damping-coupled wall system[ J]. Journal
of Zhejiang University ( Engineering Science) , 2019, 53(3) :492.
DOI: 10.3785/j. issn. 1008 —973X.2019.03.010

[ 13 ] Design of concrete structures for buildings; CSA A23.3—M94[S].
Toronto; Canadian Standards Association, 1994

(M4 MER R, ZERR, JRAS, 45, 56 E 2415 BB 7 iR et i 1%
B[], B M2 ,2011,32(12) 1137
WU Yuntian, LI Yingmin, ZHANG Qi, et al. Seismic design of
hybrid coupled walls in United States [ J]. Journal of Building
Structures, 2011, 32(12) :137

[15]CHAN-ANAN W, LEELATAVIWAT S, GOEL S C. Performance-
based plastic design method for tall hybrid coupled walls[ J]. The
Structural Design of Tall and Special Buildings, 2016, 25(14) .
681. DOI. 10.1002/tal. 1278

(16522430, & W, AR 38, 45 TR BE 106 B ) Sl 45 K P A= 1 g
FEfIrk[J]. T J1%%,2013,30(11) :207
LIANG Xingwen, SHI Jintian, CHE Jialing, et al. A seismic
behavior control method for concrete coupled shear walls [ J].
Engineering Mechanics, 2013, 30 (11):207. DOI. 10. 6052/j.
issn. 1000 —4750.2012. 07. 0559

(17 ] Mgy, EWeds, s DCHT, 56, e AR Bk b % B2 i IR TR LG
BT BRSSP P AR R T ek [ T] . A4 440, 2019 ,40 (1
)8
TIAN Jianbo, WANG Youchun, SHI Qingxuan, et al. Seismic
behavior control method for hybrid coupled shear wall system with
plate-reinforced composite coupling beam[ J]. Journal of Building
Structures, 2019, 40(S1) .8

[I8 TPt B AR 45 W6 dir 45 A B AR ML R S FTRSZ RE D IF5E [ D ]
et AR, 2017
LIU Dan. Study on seismic behavior and resiliency of novel hybrid
coupled wall structures[ D]. Beijing: Tsinghua University, 2017

[19]LEHMAN D E, TURGEON J A, BIRELY A C, et al. Seismic
behavior of a modern concrete coupled wall[ J]. Journal of Sructural
Engineering, 2013, 139(8) :1371. DOI. 10. 1061/( ASCE) ST.
1943 —541X. 0000853

[20]CHENG Minyuan, FIKRI R, CHEN Chengcheng. Experimental
study of reinforced concrete and hybrid coupled shear wall systems
[J]. Engineering Structures, 2015, 82:214. DOI. 10. 1016/j.
engstruct. 2014. 10. 039

[21]LU Xilin, CHEN Cong, JIANG Huanjun, et al. Shaking table tests
and numerical analyses of an RC coupled wall structure with
replaceable coupling beams[ J]. Earthquake Engineering & Structural
Dynamics, 2018, 47(9) :1882. DOI: 10. 1002/ eqe. 3046

[22]CHAALLAL O, GAUTHIER D, MALENFANT P. Classification
methodology for coupled shear walls [ J]. Journal of Structural
Engineering, 1996, 122 (12).1453. DOI. 10. 1061/ ( ASCE)
0733 —9445(1996)122.12(1453)

[23]DORAN B. A magnified beam algorithm to determine the coupling
ratios of R/C coupled shear wall[ J]. The Structural Design of Tall
and Special Buildings, 2009, 18(8) :926. DOI: 10. 1002/tal. 508

[24]CHAALLAL O, NOLLET M J. Upgrading the degree of coupling of
coupled shear walls [ J]. Canadian Journal of Civil Engineering,
1997, 24(6) :987. DOI:; 10.1139/¢jce —24 -6 - 986

[25 JHARRIES K A, MOULTON J D, CLEMSON R L. Parametric study of

coupled wall behavior—implications for the design of coupling beams

[J]. Journal of Structural Engineering, 2004, 130(3) :482. DOI.
10. 1061/ ( ASCE)0733 —9445 (2004 ) 130:3(480)

[26 ] LI Guogiang, PANG Mengde, LI Yanwen, et al. Experimental
comparative study of coupled shear wall systems with steel and
reinforced concrete link beams[ J]. The Structural Design of Tall and
Special Buildings, 2019, 28(18) :e1678. DOI; 10.1002/tal. 1678

(27 JEARTF, BESCHE, 52 K. XIRRBUBELAL BY 5% i 0% JA) i 52 4 43K
W[ T]. S #4R,2005,26(3) :51
HUANG Dongsheng, CHENG Wenrang, PENG Fei. Low-cycle
loading experimental study on symmetric double short-pier shear
walls[ J]. Journal of Building Structures, 2005, 26(3) :51. DOI.
10. 3321/j. issn ;1000 - 6869. 2005. 03. 007

(28 JEw A, skl A w2 A S M B A G ( ) [M]. 2 Ji.
dbnt R AL, 20130126
BAO Shihua, ZHANG Tongsheng. Design and calculation of high-
rise building structure ( Volume 1) [ M ]. 2nd ed. Beijing:
Tsinghua University Press, 2013:126

[29]SMITH B S, COULL A. Tall building structures: analysis and
design[ M]. New York: Wiley InterScience, 1991213

(30 ] 5Kk40, X, WRako. IR 55 5 IR il 0 30 v B
ST ] . MR Tl 2412, 2021,53 (10) <31
ZHANG Lingxin, LIU Tao, CHEN Yongsheng. Calculation method
and impact analysis of the additional axial force in wall piers for
coupled shear walls[ J]. Journal of Harbin Institute of Technology,
2021, 53(10) :31. DOI:10. 11918/202010066

(31125 AT IREE L HERL DY Ty R 45 56 T B R PR i T Oy i
FID]. LA R, 2009
MIAO Zhiwei. Study on energy-based seismic design methodology
for reinforced concrete frame-shear wall structures [ D]. Beijing:
Tsinghua University, 2009

(32w Z A SIREE A HOR LR - JGT 3—2010[ S 1. b st v [
FTlk R, 2010
Technical specification for concrete structures of tall building; JGJ
3—2010[S]. Beijing: China Architecture & Building Press, 2010

[33]KOLOZVARI K, ORAKCAL K, WALLACE J W. Shear-flexure
interaction modeling of reinforced concrete structural walls and
columns under reversed cyclic loading [ R ]. Berkeley: Pacific
Earthquake Engineering Research Center, University of California,
Berkeley, 2015

[34]Seismic evaluation and retrofit of existing buildings: ASCE/SEI
41—13[S]. Reston; American Society of Civil Engineers, 2014

[35] 3IW4F, Jy obde. i R B R 4 B S 5 A AT o [ 1] 50
Bl2£,1988(4) .41
GONG Bingnian, FANG Ehua. Experimental investigation and full-
range analysis of reinforced concrete coupling beam between shear
walls[ J]. Building Science, 1988 (4) ;41

[36 ]NAISH D, WALLACE J W. Testing and modeling of diagonally
reinforced concrete coupling beams[ C]// 9th US National and 10th
Canadian Conference on Earthquake Engineering. Toronto: [ s. n. |,
20101575

(37 1Bk, B PEAR. A BT Iy 55 0 52 1 RE A 52— 0 A B8 43
[J]. A5~ 4, 2003 ,24(4) :26
CHEN Yuntao, LU Xilin. Seismic behavior of coupled shear
walls—experiment and theoretical analysis[ J]. Journal of Building
Structures ,2003,24 (4) :26. DOI: 10. 3321/j. issn: 1000 — 6869.
2003.04. 004

(38 ] 3L, HH W], HEZE — YRBE L0 R IR & 205 b (62 3% BB 19 ¢
THT]. 5451 ,2012,42(4) 231
NIE Jianguo, TIAN Shuming. Discussions about drift limit of frame-
concrete corewall hybrid structures[ J]. Building Structure, 2012,
42(4):31

[39]HASSAN M, EL-TAWIL S. Inelastic dynamic behavior of hybrid
coupled walls[ J]. Journal of Structural Engineering,2004,130(2) ;
293. DOI:10. 1061/ ( ASCE )0733 —9445 (2004 )130:2(285)

(4%E AmE)



