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Abstract: In this paper, an innovative self-centering coupled shear link ( SC-CSL) used between the steel brace
and brace connection plate in the concentrically brace steel frame ( CBF) is developed by combining the coupled
shear link (CSL), shape memory alloy (SMA) bars and disc springs. Firstly, the hysteresis performance and
failure mode of the SC-CSL are analyzed using the validated finite element method. Then, the seismic performances
of CBF with a steel brace, CSL and SC-CSL are analyzed. Numerical results show that the innovative SC-CSL has
excellent bearing capacity and low residual deformation. The SMA bars mainly sustain tension while the disc springs
static under tension force, and the disc springs sustain compression while the SMA bars are static under
compression force. The tension and compression forces of the SC-CSL can be almost equivalent with reasonable SMA
bars and disc springs. In addition, the seismic performances of CBF, CBF-CSL and CBF-SC-CSL are almost the
same, and no yielding or damage occurs to the steel beams, steel columns and steel braces during frequent
earthquakes. The steel brace in the CBF has a severe buckling phenomenon. The CBLs with an elastic steel brace
can have excellent bear capacity and deformation capacity. The residual deformation of CBF-SC-CSL visibly

decreases during rare earthquakes, which shows good seismic performance and seismic resilience capacity.
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Fig.1 An innovative concentrically brace steel frame with self-centering coupled shear link
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Fig.2 Finite element analysis model of self-centering coupled shear link
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Fig.5 Hysteresis curves of coupled shear link and self-centering coupled shear link
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Fig. 6 Failure modes of coupled shear link and self-centering coupled shear link
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Fig. 10  Hysteresis curves of CBF CBF-CSL and CBF-SC-CSL under rare earthquakes
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3.4 SEZTH

Z i FiBMFE T CBF ,CBF-CSL fil CBF-SC-CSL % F 20 # 1 ) R EES B ILER 1~ 3 3,
M 1 oA, 2R T, 3 Fhab i ) 32 BEHE RN <2 95 1 AR T8 R 71 FE AR AH [R] , (E SR 58 85 VI R FE REBC AN A
GRS YIRIFERE B (15 & A5 CBF-CSL Fl CBF-SC-CSL A #E (AW B2 B, 3 17 D/ IN S5 44 1) 52 B 7 4
J1, FBHE T L5 A AHELR S EEAKI ], (H CBF Hh ik %3 = F O & A 7™ 5 5 18 B0 FR R 3%
J1,CBF-CSLAN CBF-SC-CSL 8 S B b F bt HLoR & A S i, 55 40, 1 58 10 U 3D 204 R BE v 14 U
S B V) RUFERE B (1) 1 ) R A5 B 8 AL, (e A A (AR Ao e 5 A BTN B8 A B S T o, ELRE A R = 2544
(RE 5 DIRER Z RE ST .

#1 FREMEEAT CBF EESHLL

Table 1  Comparison of main parameters of CBF under different earthquake actions

CBF LRI FE/mm FHENFE/mm HELL)S 1/ MPa XAERL T/ MPa W BR 55 J1/kN
£l = 10.80 2.60 343.80 196.10 1183
T 54.00 7.10 402.53 534.00 1346

K2 FEMEIERT CBF-CSL BIEZS#xttL

Table 2 Comparison of main parameters of CBF-CSL under different earthquake actions

o7 Y FERBBLN S HEZR)V 77 SR T FEREBIN N PR 55 7
_ ok o4 o4
CBF-CSL EHAS/mm - SCAEALRS/mm /mm /MPa /MPa /MPa /KN
ZilHE 10.80 1.60 7.60 22235 140.88 355.00 507
S 54.00 2.30 38.00 450.30 198.00 540.00 1043

*®3 AREMEEAT CBF-SC-CSL EZESHILL
Table 3 Comparison of main parameters of CBF-SC-CSL under different earthquake actions
siffike  SCER FEREEIRE  SMA fiFs  MERN ) STHEN FEREBUN ) SMA RIJ) BRERBYT

CBF-SC-CSL

/mm /mm /mm /mm /MPa /MPa /MPa /MPa /kN
Z il bz 10.80 1.40 4.56 5.32 213.57 123.51 352.52 448.70 683
T = 54.00 1.80 38.00 22.80 470.50 158.80 540.00 626.70 1330
A\
4 ZEig

1) BEADSUE B VI RIFERE B Hh Y SMA # bt FIBSEIE 58385 0] A5 sk bt s HOR Bk RE M A A7 RE ), PRIEAS
TEPL JEAT 48 AR AR FEAHI S s REUE T A3 4.68, HLAR AR IAE W] NI 46.8% , B BT, A B Ar
MU BT VI RVFERE B Th Y SMA Mt 52 hr H R IE S35 4 1k R AR, SMA #8 M 1k HOE 5036 52 1R, WU
R By VI RIFE R BLIR 2 R AR AR AR TR FIAERE , 5 TUBIAHAT

2) ZiMH R T P EAERE 22 15 CBF #ERE(H /N, CBF-SC-CSL 1 SMA # #4 FIEIE 5 S5 4 3L 42 4 B
77, (L Ty 28 B 4 4 4 FLFERE(ELMG /N T CBF-CSL FEREAE , AAHEAL SCHEM N ) A A (E A M 22 5, H
BRI AL T MR A {H SO R 5T U1 AU AR g BORn F A2 67 XU 5Y D) 78 FE R B Y 152 B AR T CBF-CSL
CBF-SC-CSL £ 4 At il Wi 2 i 7 28 g

3) FHIE T, CBF 4544 1932 R 48 W] 1o B A/ N T 32 bk 48 ), HAERERE 71 %22 ; CBF-CSL FICBF-SC-
CSL F 7 1] il 28 A0 ELPL W R ) JEASAHZE . CBF-SC-CSL (3 [l il 28 5 4 4 | fdi HAEREE /N T CBF-CSL
FEREME, (B E FRATETE /05 19.55 43.04 mm , Bl SMA #&A4 FIRETE 3 5 ] BH 2 s/ NS AR A AR AR TE |

4) Fi R T, CBF, CBF-CSL #il CBF-SC-CSL W& HESL Y ARG 0 1 T i 22 5% . CBF Hi s #2
IRFNA BR AR 2k 7 H % AE ™ 8 i #h ; CBF-CSL Fll CBF-SC-CSL H SZ IR 240 T3k | H CBF-CSL H 1 U 6 5
IHIRERE B & AE 40T 57 3 i IO T AE B A Y RE B, CBF-SC-CSL H1 55 14 SMA #5 b FI R #8586 7] ek /N A
REBLA 75 X 88, T4 e 4540 1 AR I T RE R S RE T .
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