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excessive residual displacement after strong earthquakes, a new self-centering coupling beams (SCCB) based on shape memory
alloy (SMA) rod was proposed. Firstly, a new self-centering friction damper was designed and tested to study its mechanical
properties. Secondly, the low cycle reciprocating loading test was carried out on the same SCCB specimen to explore the effect
of loading rate on its hysteresis performance. Finally. a finite element model of SCCB was established and parameterized. The
results show that the hysteretic properties of SCCB show a typical "flag type". When the friction force is 10 kN, the loading
rate increases from 1 mm/min to 10 mm/min, and the hysteretic area decreases by 34. 45% ; Increasing the diameter of SMA
rod can improve the stiffness, bearing capacity and energy consumption of SCCB, and reduce the residual displacement;
Increasing the pretension of SMA rod can improve the stiffness and bearing capacity, which has little influence on energy
consumption. SCCB can effectively improve the adaptability of structures to residual displacement after strong earthquakes.

providing reference for the design of replaceable beams.
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Fig. 1 Schematic diagram of SCFD
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Fig. 2 Working principle of SCFD

BHLJE 5 b 1) 1) A7 B 2, U BUAR AR A BRBEBE AR A M A B s K 2 o B . BEEEAR B iy B JE 25 %l 1) ) 42
Bl U RN B BRI EE AR B 1 2288 8. 2 A umdi sk U B840 VR 45 A B 7 1) #E 3l 5 L BE SMA FF A5 4L F
ZRURZS . LB JE 2L T 32 R AR B8 2 Z RR A SMA AT IR &4t T 2 Fok 25 . SMA T Al DL fib 1% &2
L BHJE #5052 20400 f bR 2 o BE 48 ) A R AN A 2 TR R 4 ki b A BT DARE SO R e A, X
SCFD #4707 F A 20 i 28 o i 10 4 1 O SCiR (19 ] % 1] JE2 R 52 50 S 700 (0 “ B i 0, BLAF R A i 1 B A
RE 7.

SCCB Wty an & 3 frn . SCCB 1M fig 4% B
BT RE L B AL, Hoh T RE R B 2 AR SXAT R 4 AR
FRELAK . 5% FF SR o o 4 AR L 5 3R T B R B i B
MR AR R R W R EE S S BEAT SR H SCFD, 52 25 98 /i i
FIHBERE I, 5550 K AR T A R B3 R e 82, R
TR AZ 4l ) BT R T3 080N B BB A B A

SCCB 7 ] i 2 AE N A8 T an 18 4 FrR ., 2
AL AT RS B I AR Rp sk L AR P F2 A P AE B JE 2%
b A R RN . 2 ANSBRIE RS Z B, S5 Ak 2 AR
Je #5522 K, SMA FFH 823 A0k 5 7, Wl 20 45 4 1 8% A
S ARy, 38 IR R BH S A% 0 A} A B L SMA KT T AR
JEE 46 03 W LA o5 7 37 % (e e 3 R I L Ll S B TR
MoK . R L R LS R b i B 4 e, KR 4

B3 SCCB#iizH
Fig. 3 SCCB structure diagram

2R 1 ) 0 50 1A A5 R Y B LA A1 SCCB &4 A
/I U AT B 2 Bl D R O il 9 Fiet SCCH deformation dingram

FBY Sy b ) B GE  DUG R S PR TR B 2
W FEAS SCIR B o i P BT T AR TH BE R 1) A
2 HEBEEECERBFENLRE

2.1 Wit
SCCB B #4145 JLAT R ~sHUn I8l 5 fron . BHLJB #8 UK/ « = 30°, & SMA FT4b, H4x 35044 3 % A



218 wodb BB ok % % R 2025 4F

912 R=20

667
T (=)
o o
) —
o
N o
2] K=}
%[
Y .
AN e
(=)
- o
E 20
2
T 55 1401 55
1 1542 ]
a) SCCBR S| b) SCFDR
7 mm

A5 SCCB 4R+
Fig.5 SCCB specimen size
Q235 M AL . FEARICHIZ A 4 56. 1%0Ni-43. 9% Ti A 4. SMA FFBIN T8 s 45 J 4R R o A 2 s, F A
WA e b RN 7B IR 3 B SMA KT AE AN [) 80T 1Y 52 AL ] A b B, B PR S Y SMA
FRAEZR T oA s v . i it tF SMA AFgE AT Pk . 3015 SMA K 124280 gk 1 s,
F 1 SMA AF 89 #4542
Tab. 1 Properties of the SMA rod
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Tab.2 SCCB loading matrix

& ¥ J1/kN JE# A/ (mm/min) % 7
1 5 5 SCCB-5-5
2 10 5 SCCB-10-5
3 15 5 SCCB-15-5
4 10 1 SCCB-10-1

5 10 10 SCCB-10-10




i DAL L AF BT R A 0 A SR A R R R B AT 5 219

2.4 ENRS
I A i A R an 8 7 s, Kb DS iR ™=
THRUNE AR B 7648 5% 0 oK i A AL 1, F T 0 6 6 ) AR 2
SRS AR A A% . D2 D5 BT I BE JE 8 60 Sl 1) 4K
EMESE R D6 FH T W 3 A 3% A0 S AR FHAE 28 06 A X W S .
NEAB Fr S1-—S6 Ak WG B 5% 4T 19 I8 A b, DL 5% KT 1y 1 g AR
fb. S7—S14 FHF WM SMA FF 1 R A8 A8 4k
2.5 HWER
Wit TN 6 R (L 7 38 % 5 R AR R K B U AR TR
JEEAEBHJE a8 TF U AE R  SMA KT 1Y 0 g e vy A2 B e 15 K, &1 8 -
R TN 1 F R M 3%HE, SCCB kA M ==
JRRASIE . W {0 3R Lk R SCCB WU 0 B . B /E3h

EO)

72l
4
S7-S14

O

ARSI KT A 81 BB SCOB &k B VB, B L i B 7 SCCBEM &4
fy 2 A~ LIRS S 1 3 2 LR B AL TR AR A, 5 3P A7 Fig. 7 SCCB measurement system

A B 75— BB gt b T2 PR A ML JE #8 4b T 32 BORAS 5 AP AT A B 55 — A BB f ik T2 1%
WA FEBEA R AR T RS 7E SZ AT A SMACFF LA RS Fr FE AT M 4% L BHLJE A P B9 SMIAL KT A 2R 5K il
A8 T L SE AT IR A PR R MRS

KIREAN]

b) F,=5 kN

T )
a) ERE3%HEMALLE ¢) F=15kN
B 8 SCCBRXIEIM%E

Fig. 8 SCCB experimental phenomena
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Fig. 9 Effect of loading rate on hysteretic Fig. 10 Hysteretic curves of SMA rods under
properties of SCCB different loading rates
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Tab.3 SMA material parameters
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Tab.4 Comparison of experimental and simulated errors of SCCB mechanical parameters
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Fig. 15 Effect of SMA pretension on hysteretic properties of SCCB
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