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Seismicoptimum design method of hybrid coupled walls in

high seismic intensity zones
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Abstract: Recently, the coupled wall systems are employedwidely result fromthe development of high-rise

buildings. Owing to the combination of the advantages of steel and concrete, the seismic performance of the

hybrid coupled walls (HCWs) have been significantly improved compared to the traditional coupled walls,

and , hence, the HCWs have been the research focus. Based onthe extensive experimental and analytical

research on HCW systems over the past several decades, the development of HCW (including the steel

coupling beam, replaceable coupling beam and steel truss coupling beam) is reviewedand theprospect for

further study and design on the HCWs is presented.

Key words: steel coupling beam; replaceable coupling beam; steel truss coupling beam; coupled wall system

Wt P ] 2 5 8 A A kT A R 1 0 R
JRRFGE T E R KR G JUAR . O R
SRURSCHE Ry B2 B BB At SR T . R 22 M DR AL T
PURE By i DX PRI o G ] 22 5 i 8t fid oo A SR 25 4
(P R= Ak E 28 T [ G 5 — A T A

B 385 e T B0 KR K i B b A 7 45 4 T
FRASL o = 1) 00 A% Sy o DR T 4832 0 7 i )2 A 3R
Rt T S5 T SR RBP4 ML A R
YR B B g Jik o B ok 32 B BT R TR . AR AR

s B H#9:2015-11-10
BEEWA : EERT @A TR (20140006)

GEI 0 A TR IR BT g g oy T I R BT BT R R
T3 R DI o 3 2 e R v TR IR T R O
NEEA BRUESS M HA R B8 I BV T2 A 3 2
WK 11 BT 77 4k B A % B2 rpOn A B L 2 R BOE B
SR Tl T INXE S RS I8 B AR AR L. O T s AR
bR RS R R A )L 20 4D 90 AEARL MY R
IR I BT 77 ek 19 8 A 2 M T S0 E T dR B AT . AN
T LU e R 1o TC A7 A 77 R BE b 0 TR RLA Y 5
JE WIS FRE BE RE 7« L BB B 4 19 4 o = 18] 62 A

EHE R e (1990-) , 55, 3= 2 M =5 2 S 45 W BU A= B R 5T » (E-mail) yanglong@cqu. edu. cn,



M

PEHE G R X Gt & BT 4 3
R I 20 5 BT 77 ik oy 5 I 9 S Y 0 RE RE RE 1 <%
Pomio ™ AR i 2 U A3 ) Tz A
G ] A7 S R [T < o O SR A 3 SRR K T
HiNEL TR P

TE S R D B 1 % 1o 0 o [ PN SR G 0
R B g b AT 1 KA SE g A A 5 . AN SOx
PN 5% T 0 i SR I IR B ) S (4 BT 5 o JE R AT T (] JosE
TMUEZE A4 T B2 BUR BT SCR - [R5 i T —
SeRR I R L O I SR IR BY ) B i — 2P
MRS %,

1 SWER

1.1 ERAXEETR

20 4 80 4E AL W) HA . Marcakis 1 Mitchell™,
Mattock Fl Gaafar™ .42 T H 46 204K % 32 14 i 2%
i AR (L 1), I D ke iff e 00 3% SR ) AR BE
Shahrooz 59 %) 3 4~ 1/2 HFH 4N & 2 518 8 1 87
D5 R AT TR a5 3R A 0 9
BT R A el R . RS W AR T TR 32 i R TR
B VS ¥ M A5 L AELAE N 7 1 FH B R s 2 kN

Harries Z57F 1993 4E1 F1 1997 455 & k4T T
PN 2 RO TR 6 R B3 19 S e, FH DA 9 % 22
WA SR PUR YRR SRR S S Mot B
376 X 3% 2 1 % 22 ] DL S B R i S PR FARRERE T .

1fi Park Al Yun™ " #5717 5 A4 M3 [ H Sy
TR BE T b 2 L E 79 S SR AN B2 1 AASE 38 v 35 78 3 ok 1Y)
B, DX 4 3 B2 1A B 6 AT o o O R X R R
AW AT TR0, 45 R R 5 e il e Ak it
(R 1) B 32 R AR LG % 59 U IR Bt R N i R A
1.2 imiRiBeEET S

2014 4R H R K2 MH = KRG 0 5 AR i
MR 3 22 1) BUBCEH & 5 1 B il (L 2 1 AN E
e 2 70N L A9 0B B 7 1 6 - B g 85k a4 A T A
S AR 01 38 A 0 b X P 3 R 0 R i
1277 20 e B s A R A T 5 B ARy . B S LA
AR G o 2 52 10 fi 280 B T8 2o 358 T v A B 4 5 A 24 )
1% 36t 30 S5k A DATITT 3R B 1 76 2 2 DXl 4 v o R 20 4
IF H & 3 LA BT U) AR TE R 32 i 40 3% 2 e DL Sl AR TR Ry
FMWEREA E PR ERE. ) Ah . 8 o AR
W 3 B R LA % AT X L i — AP
BT 5 4 A =X 0 42 O SO B s R MR A 3 % B

i FL A AH R HE 2 A W Pr e 1k g .
FON AL RERIAT T A A 1/4 G5 R E
0 5 - A5 BY ) 5 A R R s R
FE Bl 7 T DL B9 S 0 8 PR A A 20 55, 3% B g
A AR T 42 BB 8 PR UE 12 DX I 1 P AR M AE L (H 4 RR
A BT R T ) v AR R R T AN A, I
B B R T B I . R B Y 3 B i Al R
¥ % 12 545 0 1 B A = A L, il T BEAIR . mT LA
PE R TRCR WSS IR E EE , A 2 5
HATHE— 2 B 5 N
RCIY 73 A SR

a PR -3 1
‘a4 /ij%A
I 4

| mshih
-1l s

A |
T

- l:léj)q\K]% | )
B1 BEEXEENERTEE

V' s

D:EJMH:E 2N

. HIRE s

P— o|p [[E*
=

S o|h [\ I
RCB || \gseg| |

B2 Wi ERNERTER

1.3 BEIEETS

VU 22 SR R 1 05 W A i 4 1 T A AN
WG PF TR & R B i o R T T 7 ek T i 4 B R
B AT L R 5 A9 R B BLE T K
TR FE B B A T IR R AR AT R P B I B T
HIBAR AT ANSY'S 27 70 B 22 B 10 26 5% e (1998 5
R It HAT R B S 1 S FERE RE 0 L o8 18 W T
FUREHBIX ). 3 % 3 A 55 1) Jat IR Y % 52 R 5 1D
IRt R RO i AT 1A R A A T 80, K B B
B A RAF PR e RE T . SCERL17-18143 51
XTHBIR FE o 300 F1 A5 V0 1 5 B4 300 % 4 11 TR v 1k
It S5 R HEAT T AU 7 U R 2 W BT U AR 1)



fittp://gks.cqu.edu.cn

EARERE R LA

% 37 %

B3 T FLA B 1 HE A RO RE BE BE T - i il e 4
A 24 TR 05 5 EL BB A DK LU 19 384 0 Jisp JR SR 6% 73 A 45
DN I T TS AR R A A B RR R RE 1 DTk AR v

R BT A Ul W A A 2R P A R N T
AR AT SR T ELAS [) A% T B0 409 590 R R i
PASY OIS Dy 3 B0 4 i % L LSl AR R ) 4 o TR A
RERE 3 ST 3 ] DUAR D P02 BE B 10 25 — 3l B 2k L LA
AL I 5 R PR ZOR

2 BETERNER

¥ EAE h K JCB T 5% 45 4 v I (YRR AR A 1
HE MR T M. (EE XS 58 0 99 A4 T Bt -
e N R A i SRR AT R R 08 K K AR
M, KTERREMEERAT W EEFERY
T BLFE A B AR 45— B 2k o A7 B0 0% A 7 b 5 o Sl
TR . R UL Y AN AR SR IR G )2 F 5T AT
R, X R i Fortney 1 REE H, R
W B0 % R oy B 3 B ke ) S 43 4 AT I 55 CRITE A
“OREL 227 (38 3 BT D) IR FE e . 8 05 R O 5 R 4k
T A IR, BRI 227 IR Sty AT
ik

Chung %571V 7E 2009 4F 42 H T 76 5 1 32 v 35 i
A FERE R JE 25 » 38 5 BH e 5 ok 1 0 % B FE RERE T
N T PP 3 Pl EE 4 BHLJE 2% (9 PE BE . ] SeismoStruct
HEAT T AR LR I TR 40 BT 45 50 3 W32 0 3 1
PERE DL T M 14

JBE A AE 2007 AR T — Bl 2L KO FE BE
P (B 3) AAR 5 B g 035 45 40 00 B0 7% 1 i L 225 4y
M€ B < 3 5k A BT L 1% 1R R AR UF 25 40 1 1
AR T SR TR B KRR R R RE RE RIOR AR AT
2010 4F Ji 72403l a6 11 A 3% 32 BHLJ2 2% 19 Ph i g
13 A B RHE #8 1 TRIR 2 50eT LA il
R HA R R AR R g

L, Lo Lo L,
il T il

B3 ERHEERTEE

BTGARSE SR I T 3 AR T AT A 3 B
REFRAE 43 301l Ay WA O 22 T8 L 1% L5 4 32 L U2 I A

T RCBIR

S il 2 B P

)13

e
B4 TEHRAER

PR IS T A Y I R R D T AT AN A OF
PR T 3 FhERAEAIE 4 .

LRI AR A5 T 4 o v SEUARL BRA T HAR
F93 075 ik JISC R T 8 32 R 2 RS BRSBTS B
Jids i 4 B HOA TR ST A] A 0 R 0 4
ek REFNRR e AT S AE I A AT 20 1 R 4 FbAS
IF] 9 11 fiE 22 B 5 A T RE R Bt 45 U7 A 4 Al it
TR s R W 2 BB i
TS AT S B R T A Y Y

T WRFEAS R BT 5 L P 9 5T 2 1R fE . 2015 4F
SR ABAQUS XA [R] Y ml 5 49 44 5t Y A9
T AT RN e A A [R) 55 0 B 09 B R R

I A R A R KR A S BPR A A A [ IS

AE B4 3t DR AIE S5 R I P RR PR RE

HT T B X G RE 14 B I T g ik vy 55 SR S A 4T
KA BRI 5 AR T A
T SAP2000 ZL MM ER F oL SRR Z 5%
FATT BB UL T 7 3l o B ) O A 5 S A L 2
F X} L R WTZ AR I 1 B R B S I B 1
T A5 A B

3 MMIZRER

2003 4F 1 75 K 2% 10 X 215 % 41 4y T — i
AL R B A KR e R R A T
SRR S LA BT A B TR R
TR TS5 WA R . 2012 X6 440 i
8 AL 4 T 48 S O 10 D 0 1 IR % B4
e LA B 1 7R A BT 1 K FLI T
e SUIEFE 106 3 2446 B 91 8 T A SUBEFF A 2.
2014 45y T 68 04 42 1 0 2 B R Bl i —
SRS S A — i 12 S AT R
YLD AR 1515 0 L BB AT T RS BB
IR Bk 52 0 C 4 P R LA BT B 7



it igks.cqu.edu.cn A« AUL R B R (R ACT ik 1

PERES .

2GS T A R T bR 0 2T BE DR N AT
s gE B 5 7R L 43 i o v T ih 29 3 S Y
R ABCE it 2 AN AR E R, S TSR T
Pron AN T2 & R PUmtERE . X 2 4> 1/2 il
BT A AT T AR I & fer B 2 R SR
B 33K 19 80 20 S8 A 3ot 14 LA A 0 ) i R AE P L L
IR WP IR L AT R AR DX 3K BB )
ERR LN

T3 Ab AR AR 3 AN il 2 A I A RT
A0 AR AT S 3% B K E R AT T P A A 2k
5, 48 L 2 I 5 P 3 R R B AR R S O RERERE 7 L 318
T g X,

)ﬁﬂﬂ?‘]ﬁii\%

RCBY 143
/

AL

a A

B

(a) BB 20 8 S S0
)itk l”lé”\JﬂiiWﬁ{ﬁ RCHY F1h%

, 3AF| -
= el \ /&
F)‘i}lﬁ)i | ID . . o
gepft L - 2
S w0 o

SN Fuy”

(b)) 8 T o1 240 SRS RS Al ) i %
5 BEWRMWHFHXHERENGTREER

TR R

1) ply T 4 2 SRR BB 3 Jikk 45 1) E AT A5k A 4 A
B AR BE 13X W ADBE R DE S BT R 4F 19 22 B 2k
4t AIHUREPERE - X T 45 44 14 2 7E 4544 T 1 ST 2 A
J A B IO FH RS

2) B0 R K R BT ) B AT 5 © A TR A B
AR A Ve B R 22 T A0 i S 0 ARt 2 O R AT R
{ELJE L 45K TR U BE 2 IR A A O 4 12 SR 1K BT ) 5%
(9 BT R 0 A 5 B iy . DR IE AR 12 OR 1
FEad AR N R R R ALY T BB

3 B A 32 % 0 ] T 4G 4 5 % A AT SR 22 o
TRARBTEBEFEEZN A, AT T ERAN
W58 AR SE BTk A BEAE LS BT R AL

(9 3 IS T o

B2 3K

[ 1] Paulay T. Santhakumar A R. Ductile behavior of
coupled shear walls [ J]. Journal of the Structural
Division 1976, 102(1). 93-108.

[ 2 ] Fortney P J. Seismic performance evaluation of coupled
core walls with concrete and steel coupling beams [J].
Steel and Composite Structures, 2007, 7(4); 279-301.

[ 3] Harries K A, Shahrooz, B M. Hybrid coupled wall
systems [J]. Concrete International, 2005, 27(5); 45-
51.

[ 4 ] Marcakis K, Mitchell D. Precast concrete connections
with embedded steel members [ ]J]. Journal Prestressed
Concrete Institute 1980, 25(4):86-116.

[ 5] Mattock A H, Gaafar G H. Strength of embedded steel
sections as brackets [J]. ACI Journal Proceedings.,
1982, 79(9) :83-93.

[ 6 ] Shahrooz B M, Remmetter M E, Qin F. Seismic design
and performance of composite coupled walls [ J].
Journal of Structural Engineering, 1993, 119 (12);
3291-3309.

[ 7 ] Harries K A, Mitchell D, Cook W D, et al. Seismic
response of steel beams coupling concrete walls [J].
Journal of Structural Engineering, 1993, 119 (12):
3611-3629.

[ 8 | Harries K A, Mitchell D, Redwood R G, et al. Seismic
design of coupled walls-a case for mixed construction
[J]. Canadian Journal of Civil Engineering, 1997, 24
(3): 448-459.

[ 9] Park WS, Yun H D. Seismic behavior of steel coupling
beams linking reinforced concrete shear walls [J].
Engineering Structures, 2005, 27(7): 1024-1039.

[10] Park W S, Yun H D. Seismic behaviour of coupling
beams in a hybrid coupled shear walls [ J]. Journal of
Constructional Steel Research, 2005, 61 (11);
1492-1524.

[11] Park W S, Yun H D. Seismic behaviour and design of
steel coupling beams in a hybrid coupled shear wall
systems [ J]. Nuclear Engineering and Design. 2006,
236 (23): 2474-2484.

[12] fimRACEE, B & %, B M-TR 8 + 44 57 71 5%
Ui Al R R R BRI RE M R L) ). R AR 24
2014, 47(12). 39-48.

[13] fhm R ARGER L J 858, 55, 39 Y0 AL 1) #8 B o B 158 4% 1
He dH A BRI BT 7 3 A 7 R R M AR e B AR LT ). @
ZERY 24 4%, 2014 ,35( 4) :255-261.



fttp://gks.cqu.edu.cn

EARERE R LA

% 37 %

[(UIhERJIEZ HA, 5. WERSHIRE L4407
NIRRT [T A % . 2014, 36
(9).7-17.

(157 SRu. & AU A 1F 1R & E B R R R 559 )
B ERERE (D] V9% . PR SR K%, 2007,

(167 22 R .00 JA . £ . 59 U Jm ik 24 5 203 & 106 B ik 2
R S piR e st [J]. AR TR #H.2015,48
(7):71-81.

L1770 A, 20 B S A7 VL. % A 300 G A 11 TR T B 00k 45
iR R I A IT L) ). #e % TR S TR 4R 3. 2013,
33(3):133-139.

C18] A #, B JE L MG/ VL L, 5. R #OE LLoBr RUTR A 1 JR I 45
Fay ity [ RE A 7 B B 7E [T ], AR LR 2 4, 2013,
46(1) :52-60.

[19] Fortney P J, Shahrooz B M, Rassati G A. The next
generation of coupling beams [C]// Proceedings of the
5th  International Conference on Composite
Construction in Steel and Concrete V. Mpumalanga:
ASCE, 2006 619 -630.

[20] Fortney P J, Shahrooz B M, Rassati G A. Large-scale
testing of a replaceable “fuse” steel coupling beam [J].
Journal of Structural Engineering, 2007, 133 (12):
1801-1807.

[21] Chung H S, Moon B W, Lee S K, et al. Seismic
performance of friction dampers using flexure of RC
shear wall system [J]. The Structural Design of Tall
and Special Buildings, 2009, 18(7). 807.

[22] 2=, b, L IEAR . S, B2 0 3% PRl B 7B M e 1t o 42
FEREF R DG HEBORLT]. TREHUE 5 B , 2007, 29
(5):1-6.

(23] 22, o 4= TLAR A TG0 09 ) 5% % 2% BHLJE 44 Oh #i
ik % wF g (1.l SU4A5H 2 4. 2010, 31 (12):
92-100.

[24] B VUMK, BRz ¥ 00 42, o AU n] o8 4 i SR e e g [0 .
HETHES TEES.2013,33(1):8-15.

(257 R IRE7R . Bk MR Al 725 T g v PRk ik &2 106 JB 57 ) 33k fF 5%
[J]. THJ1%.2015,32(10):1-8.

[26] I 7 , £ M, Dh¥ap e, 55, W] ST 460 0 3% 2 i 52 1 g it
Bmtsel]]. R AR, 2015,36(10) :1-10.

(270 RRZe, 50 T 1 BR DA - 55, A [R) ) 5 e ) 5 4 o 2 0 7
PERERTFELT . i F b T2 ,2015,31(2) :254-261.

(287 454 ] B, WG . 6 B I 2 106 JBC B ) 1l 39 98 1 %4
R ] B4 ,2013,43(Sup) : 1161-1165.

(297 XB = 1H . i v, PR IR0, 55, T A & % SR 4 o 45 4 1k &R
[J]. A2 T .2003,19(3) :6-11.

(307 AR AE , ARAil L #A R, 45, BT BLAR AT 22 3% 42 (0 i 1 e it
®orsel)]. #sh 5o, 2012,31(1) . 76-81.

[31] #Aam , AR RS AE , DEAR /8. 4 40 AT 22 3% B 00 HE 22 59 g il &5
FydRsh il Ur [T ], it 5 RE TR, 2014,30(2)
173-178.

[32] =%, BAEA, A or K, 55, T3 =00 AR V8RR 9 A7 28 1%
ZHZ MR ()] @S L5 %M, 2013, 34
(Sup 1) :389-394.

[33] Li X, Lyv H L, Zhang G C, et al. Seismic behavior of
replaceable steel truss coupling beams with buckling
restrained webs [ J]. Journal of Constructional Steel

Research, 2015, 104. 167-176.

(Hm#E



