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Seismic performance of shear wall structure with self-centering
energy-dissipating coupling beam

QIAN Hui, XU Jian, ZHANG Xun, DENG Enfeng. LIU Yingyang. FAN Jiajun
(School of Civil Engineering, Zhengzhou University, Zhengzhou 450001, P. R. China)

Abstract: In order to reduce the damage of the coupling beams in the coupled reinforced concrete shear wall
structure under strong earthquake, realizing the rapid recovery of the structural function after earthquake, a new
hybrid damping coupling beam with self-centering and energy dissipation functions were proposed. An innovative
composite self-centering damper composed of shape memory alloy strands and viscoelastic damping devices was
installed in the middle span of the innovative self-centering energy-dissipating coupling beam. A 10-layer coupled
shear wall structure was taken as an example. The dynamic time history analysis on the coupled shear walls with
the innovative self-centering damper, viscoelastic damper and common RC coupling beam, respectively, were
conducted to investigate the seismic response mitigation effect of different damper on the shear wall structure. The
calculation results show that the deformation and energy dissipation of the structure are concentrated on the
coupling beam damper under the actions of earthquake, while the new self-centering coupling beam damper has
better control effect than the viscoelastic damper for the seismic response of the structure, exhibiting excellent re-

centering and energy dissipation capacities during the earthquakes.
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Fig. 1 Schematic drawing of the dampers in self-centering

damping coupling beam
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Fig. 2 Specific dimensions and reinforcement diagram

Fadeit

TR || AR, T A LR
Fikie KIS
¥ ]
SRR
e ﬁiiﬁ&iﬁﬂ* SMATW&F’}E iyt
Y LML SRR T
T l
BESMAZR | )] ypp BV AR AR SIBIRR IS . T
£ SMAZ SRR B
¥ 1] F
W5z A BUR &
il a;m;g sl AR R S BRI R IR AR A
+ ]
Wi ARUES
- BB, AR SRR, |
A '35“5?%”“ ) HESRBER LR, Bl

' |
P
2Bt cE

3 EIHRER
Fig. 3 Design flow chart

AR PR E 48 . B B SMA & A 7% 22k
JE AR VA SGE GE Hp , FUHE A9 0 AN BELJE e 4 Al 2 3%

Q345, IR BTt ik it i A . 15 2 e 4%
of shear wall structure (mm) .
BARSHWE 1,
*F1 HEESREITSH
Table 1 Parameters of dampers
R BT SMA H.5 R 2%
MR - — - -
K /mm f= 5 /mm JRJE /mm M/ mm? AREE/mm WGERIE /(KN s m— 1) JEIR 1 /KN
VCBW 400 400 20
SVCBW 400 400 20 800 450 1. 441X10° 328.5
layer & I BRI G5 N AN A7 A4 Rk RE M . X85 )

3 BAEARTEEE

Sk T SRR B b 3 BT B R A 3 R BHLJE A R I
i 59 358 b 52 e 7 A 47 10 4 SRR S Sy T
PSR BE T IR BT 77 55 S5 F A (CBW) R 3 1 142
?%Eﬁi%ﬁﬂﬁﬂééﬂi%ﬁ% SER) (VCBW) L s A 5
SMA & & #& B8 % 32 19 B B 85 ) 5% 45t BE R
(SVCBW), VCBW HuflisiipfH e 28 =805 VCBW
WA A L A5 ARG SR BT R R S B T
3.1 MElAHsEE

SRR AL A A FROT G ABAQUS #57 A BRIt
BEAY, S CRE G TR EE R ABAQUS A7 Y
TREE - SR PSSR, 5% PR I R 0 TR 35040 R 78
T AN R F 5 4 A5 I 1 AT R T
FAIVEREE AP RL R AR A A ok P BTty [T A R ABEY
3.2 BTk

B ) 558 e NG 48 30 ZAe) (7 B I ) A 32 2 4
KA 258 Bt SAR B, 1T 3 i 5 # F rebar

BEIEAE, SR Timoshenko £F 452 55T B31 #54,
e TP PR T 38 1 B rebar DLET 4E Y J7 2UAH
AN. BJa .l Stringer F7 5 48 & 19 7 20K 5T 7y
BB I I A — R, LA S B 2 2 [ 1 S [
ZJ1. w1 CBW A FRITAAIANE] 4(a) iR

XFF VCBW Hl SVCBW ¥ it 5 #4) v 42 32 B JE
AL ARG SR R ) 22 R i Kelvin BEAISR
IR AR R — A 2R B B T R — S 2k BHLJE R

JuIfIE ., Hifg ik SRR A
Fy = kqu -+ cqu (D
=GA/h
w (2)
Cq — (JA/(C(}l)

P Fy RS BA0THT 5 ka o 2090 R R BHLERL
TCAFRLNIEE R RL B s u B B85 GG 4
T ARG SRR R i MFERER I AR 2300
RGP Y DI T AR AN S 5 0 S B

1E ABAQUS H . R AT A 45 1RSI 2 45 F. T



12 I RE5xE e

FROF E O

% 43 %

RPZePES % Spring AT A1BH JE ¥ 70 Dashpot Jf- Bk
£ — i, H Spring/Dashpots % 4% #8% #5411 3& T
Kelvin #8Y (RPRG SL A A R0 0 2 LT AL A A RS Y , FL
o kL3R Spring BT T AR EE R AL Ry BH
JEHL.IT Dashpot HICIE T 555 FHJE 2R 5L cq s BI AT H
BL—N 4554 1) Kelvin-Voigt B8, SMA 225K H
=Y T ST SR R T T3D2 AR L, O W 7
ABAQUS H a7 (4 5L b ORL A FY 858 . SVCBW
WYL A % TR BH JE #% & JH B M1 42 B850 Fl Springs/
Dashpots 75k & 42 45 I B 7E — RSB0, by ok 50
J18E K AR R B BHE 48 AH 1% 5B 43 1 A L
Sy L BN 79 i W P4 T B AT e 42, IR
H Link #4281, Turss Boc 5 R 2 18] FH 43 46
A2 Coupling #EHz . [RIB, A R BLE B2 (1) A8 B
AR AR % BR AR FE B BORBE 1 AR} Y o B2 55
WJVEE N C35°, 7E ABAQUS T #Es7 ) VCBW 4%
T SVCBW 4544 194G BR oA A K HBH JE # i R
B HE 4o (D PR,

N

"
P C35iREEt

(c) VCBWZEHIBH R 2R

ky

SMA

i
¢
i
®
i
®
i
¢
i
®
i
®
i
®
1
¢
1
®
1

(a) BIRTARA  (d) SVCBWAHRL B s8EH R R
4 VCBW #1 SVCBW BB R TIEE
Fig.4 FEM of VCBW and SVCBW

4 FARESH

4.1 HEESH

435X VCBW, VCBW il SVCBW 3% 3 Fi 4t
PEATREES /M. 60 3 B 3 Fhah#e A PR JE 01X Eb L 3%
2. AJLUEH, VCBW 45471 3 B A R A5 CBW
SEFAH AR, FEJE T VCBW £5 49 1% 2 e &%
NI /I, Sk &8 A B AL 1) S 3R B /DN fifE VCBW 2544

(9 1 4R JE 31 8 CBW S5 K3 K5 Tl SVCBW 2544
B 3 B AR JEH S CBW S5 49 AH I , U6 B P FP 2549 11
M BE AR
R2 G873 M EIRESNT L
Table 2 Comparison of the first three orders of

natural vibration period
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Fig. 10 Tensile damage cloud image of shear wall
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