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Abstract: NiTi superelastic shape memory alloy (SMA) circular section bars with two types of
chemical compositions were developed, and the mechanical performance tests were carried out.
The influences of strain amplitude, loading rate on the stress-strain curve and the performance
parameters such as equivalent stiffness, energy dissipation per cycle, equivalent damping ratio
and residual strain of the two SMA bars were analyzed. The mechanical performance of SMA
bars was simulated by finite element software, and the simulated results were compared with the
test results. The results indicate that the developed superelastic SMA bars are suitable for the re-
centring and supplementary energy dissipation components in seismic control due to their large
output force and excellent superelastic effect. The numerical results agree well with the test
results, and the finite element method can accurately simulate the mechanical performance of
SMA bars.
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Fig. 4 Stress-strain Curves of SMA Bar Specimens

Under Different Strain Amplitudes
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Fig.5 Mechanical Performance Parameters of SMA

Bar Specimens Under Different Strain Amplitudes
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Fig. 6  Stress-strain Curves of SMA Bar Specimens Under
Different Loading Rates
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Fig.7 Mechanical Performance Parameters of SMA Bar
Specimens Under Different Loading Rates
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Fig. 8 Finite Element Model of SMA Bar
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Fig. 9 Contour of Axial Strain of SMA Bar
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Fig. 10 Comparison of Experimental and

Simulated Stress-strain Curves
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Tab.2 Comparison of Experimental and

Simulated Equivalent Stiffness
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Tab.3 Comparison of Experimental and

Simulated Energy Dissipation per Cycle

- AT A FLALAE R FERE AT B AR SR AERE
;;; RIS | BERIZE || RERZE | BERLES | AR
F/MPa | F/MPa | 22/% | F/MPa | /MPa | 22/ %
0.02 1.02 0. 95 6. 86 0.63 0.68 7.35
0. 04 3.52 3.50 0.57 2.64 3.13 15. 65
0. 06 8. 35 7.96 4.67 7.60 8.57 11. 32

R4 EPRHERHRBEERSEMUEROLE

Tab.4 Comparison of Experimental and

Simulated Equivalent Damping Ratios

s W A EREH e L IF B AR e L

b s | BUlas [AxEr | IR | BILA | RO ER
B/%o| RN | %=/ /% | RIK | E/N

0.02 | 2.27 2.19 | 3.52 | 0.96 1.05 8.57

0.04 | 3.33 3.18 | 4.50 | 1.67 1.88 | 11.18

0.06 | 4.29 4.10 | 4.43 | 2.48 2.80 | 11.43

(2) 17 7% Wi (R o 2802 38 % SMA # 1Y) g 2% 1
Ref#eh B W B, SMA 8 1) 25 455 1] o o A
WL 178 154 o0 o 2, B T PR AR B 5 S ARG L Y
W 07 722 W A 396 AT 4 0 5 B A 0 250 S 0 1
SMA # 1) 45 24 I B2 385 K B LA P4 FE BB 25 28 BHL e
LU AU /0N s SMUA 8 114 53 4 I 732 i 5 v 2% s i R Jin
o ) 8 T R R

ORI SMA BEFE 0. 06 )i 28 i {5 T F1 w5 i
R R T REMSHR ML/ T 0. 002 AYBR A A8 L 1% (H W
WAL F LAAEREFE h SMA B 78 A5 [R50 45 14 T 1) 5%
AN ARE s[RI 1% SMA Bty s R H B AT —
S FERERE T » BRI G AR SO i 2 Bl SMA 6 1 g
UL 38 A T 25 0 o A 45 o 266 R A Bl B
FERETS A MBI & .

(O A FRIT 15545 5 AR 4% 55y W b 2 e SMA
B B P T b L TRl B SMA BRI F A
PR TS 400 245 S R 0% 1 20 ) 2% M e o vl gl AR 0 3]
MRS, 31X 3% BH ok F A PR T B 40019 5 6 % SMA #
(4 2 P REHEAT 23 BT I A BRI Y

S & k-

References:

(1] HRE EEMHSERASIMIL RH RER¥ N
AL 5 2000.
YANG Da-zhi. Intelligent Materials and System[ M ].
Tianjin: Tianjin University Press,2000.

[ 2] GRAESSER E,COZZARELLI F. Shape Memory Al-

loys as New Materials for Aseismic Isolation[]].



102

EAMFE TRFR

2015 %

L3]

[4]

[7]

[8]

(10]

Journal of Engineering Mechanics, 1991, 117 (11):
2590-2608.

DOLCE M, CARDONE D, MARNETTO R. Imple-
mentation and Testing of Passive Control Devices
Based on Shape Memory Alloys[J]. Earthquake Engi-
neering and Structural Dynamics, 2000, 29 (7): 945-
968.

DOLCE M, CARDONE D, PONZO F, et al. Shaking
Table Tests on Reinforced Concrete Frames Without
and with Passive Control Systems[J]. Earthquake En-
gineering and Structural Dynamics, 2005, 34 (14):
1687-1717.

OZBULUT O, HURLEBAUS S. Optimal Design of
Superelastic-friction Base Isolators for Seismic Protec-
tion of Highway Bridges Against Near-field Earth-
quakes[ J]. Earthquake Engineering and Structural
Dynamics,2011,40(3) :273-291.
20K, BRI IR X . B SMA 525 A5 K ST R 1Y
PR R AR L)), MR TR 5 TR 4 30, 2002, 22 (2)
143-148.

LI Zhong-xian, CHEN Hai-quan, LIU Jian-tao. Bridge
Isolation with SMA-composite Rubber Bearing[]J].
Earthquake Engineering and Engineering Vibration,
2002,22(2) :143-148.

25 B E RN W SMA KERE 88 M 45 H b 5 R N
S WY [T s TR S TR 4R 3. 2003, 23
(1):133-139.

LI Hui, MAO Chen-xi. Experimental Investigation of
Earthquake Response Reduction of Buildings with
Added Two Types of SMA Passive Energy Dissipa-
tion Devices [ J]. Earthquake Engineering and Engi-
neering Vibration,2003,23(1) :133-139.
AWRF . ER. B B B SMA Z A5 HLE
TSR AL e 2805 1T LT ). 4R 2 AR 27 4R, 2005,
18(2):161-166.

ZUQO Xiao-bao, LI Ai-qun, HUANG Zhen, et al. Me-
chanical Model and Parameter Analysis of Superelas-
tic SMA Compound Damper[J]. Journal of Vibration
Engineering,2005,18(2) :161-166.
BERBEH AN, TRy E. M BE Rz &
B ARL) . JEBAT 4 244, 2005, 26 (3) :45-50.

XUE Su-duo, DONG Jun-hui, BIAN Xiao-fang, et al.
A New Type of Shape Memory Alloy Damper[]].
Journal of Building Structures,2005,26(3) :45-50.
FARGE LR F SRS E S A E AN
RELJE i IR) 7 495 40 11 b 52 B 0 20 17 [T ). Rl SR 45 4 2 41
2006,27(5):110-117.

WANG She-liang, ZHAO Xiang, ZHU Jun-giang,

[11]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

et al. Earthquake Response Analysis of Isolated
Structure with Shape Memory Alloy Re-centering
Dampers[ J]. Journal of Building Structures, 2006, 27
(5):110-117.

B O ERSARURFOBRICICE & E G EE
FELJE #s B Sk I i 58 L) .t U5 4 2 4l 2011, 3
(9):58-64.

QIAN Hui, LI Hong-nan,REN Wen-jie,et al. Experi-

Do

mental Investigation of an Innovative Hybrid Shape
Memory Alloys Friction Damper[J]. Journal of Build-
ing Structures,2011,32(9) :58-64.

RS BRS  R M, . 3 R B S SMA B
A HESL S M R R ()], R LR,
2013,46(6) :14-20.

REN Wen-jie, LI Hong-nan, SONG Gang-bing, et al.
Study on Seismic Response Control of Frame Struc-
ture Using Innovative Re-centering SMA Damper[ ] ].
China Civil Engineering Journal,2013,46(6) :14-20.
AN VLB JE . A N AR S R IR R AL
B AR BE L BAE (R A R R0 L. i A B e
2013,26(3) :124-129.

YU Zhi-gang, HAN Xi,ZHONG Li,et al. Axial Com-
pression Experiment on Concrete Circular Columns
Confined with Shape Memory Alloy Under Influence
of Pre-strain Conditions[J]. China Journal of High-
way and Transport,2013,26(3):124-129.

BHUIYAN A, ALAM M. Seismic Vulnerability As-
sessment of a Multi-span Continuous Highway Bridge
Fitted with Shape Memory Alloy Bars and Laminated
Rubber Bearing[J]. Earthquake Spectra,2012,28(4) ;
1379-1404.

Mo & EEM. T 458, 5. 25 [ A5 TE R id 12
SR ] TR %, 2010, 27 (9) : 86-93,
101.

CHEN Xin, LI Ai-qun, DING You-liang, et al. Study
on Isolation of Space Grid Structure Using Shape
Memory Alloy[J]. Engineering Mechanics, 2010, 27
(9):86-93.101.

R[N W HE S 0BT R AR RE SR AT Y RCHE [0 1 BE 0 BT Y
[DJ. W5 /R ¥ « WG R Tolk K%, 2012,

HE Xiao-hui. Hysteretic Behavior of New Energy-dis-
sipated Beam-to-column Connections in Steel Frame
[D]. Harbin: Harbin Institute of Technology.2012.
DESROCHES R. MCCORMICK J,DELEMONT M.
Cyclic Properties of Superelastic Shape Memory Alloy
Wires and Bars[ J |. Journal of Structural Engineering,
2004,130(1) :38-46.

R, £ A AR BRME TiNUBRICICE



%14 oM, AR R NiTi BaRL ek FHERT 103

(19]

SR 2 7 R 0T ] i & Jm AR S TR . 2009, 38
(3):460-464.

SHANG Ze-jin, WANG Zhong-min, YIN Guan-sheng,
et al. An Experimental Study on the Mechanical Be-
havior of Superelastic TiNi Shape Memory Alloy Bars
[J]. Rare Metal Materials and Engineering, 2009, 38
(3):460-464.

FESCAS . EF R DR AR . BT IR I2 & S
J32% VERE 0 92 56 BF 5T [T 1. B RE M RE, 2013, 44 (2)
258-261.

[20]

REN Wen-jie, WANG Li-giang, JIA Jun-sen, et al.
Experimental Study on Mechanical Behavior of Supe-
relastic Shape Memory Alloy Bar[ ] ]. Journal of Func-
tional Materials,2013,44(2).258-261.
OGRS RN AR AL
AR TR 2010,43(4) 1 70-75.

LI Min, LI Hong-nan. Dynamic Test and Constitutive
Model for Reinforcing Steel[J]. China Civil Engineer-
ing Journal,2010,43(4) :70-75.

P R e E e e e e e e e e e e e e e e ey e e Rre e e e RreRreRveRvevezverEery

.

F19GHETIEMEKRIZEE/ N\ E2ERERRIEFZFAHITS
EIMBFF

A

Y

:

;

!

E

Y

; 2014 4F 12 H 19~20 H . B TAEBE E o0 B oK T2 b B TR B B AR KA 53R T
bORRZAER L R TR 2 R TR AR 2 B N RS AR BRI A A 199 3+ [ TR
b RHEEIE R BSR4 B R A LR R & B T . b R R B AR A e b
O I R AR o A T e IR A M R A R AR SR )N K TR B 5 o
y

: O JE A8 R S 405 e R AR I B TS BURT o 2 ORI LA R R R R B2 R T T A K
p PR . AR LA AL AL DR AR R I AL 2R W R4 9 LB o T
b 500 PR RAEH B T AU S UL Horh AR FR L 5 A G VX e [ 5 (L e L T AR
bAE 2 KA B AT 20 £ LMGVL S % E R A 4R 3 005 % E R T AR 38 # o A R
C TR 4 TR R S R T 50 B AR AR TR RHIE T A SN LR Y R AT T
Y
bR S R

: SV T [ P M RE TR 5 454 TR A 22 B 1 35 44 2 3 2 BHTFRILR B R gk A [ A
AT A R T OB AR A RN A £ e AT P R R R B A A RO A AR B S 7
bR AR . SR A HE A B I BE B0 2 o DR T3 BT 2 ) L A5 2 U A R
ST R T AT TR S BUAE T A B R RIAE S s S WU A R R W T MR Tl
§ SR B AR U TR A AR O ol AR R R A S A R AR U AR T PR (B TR A L
y SRR TR E RS B WA T RS O AT B O Ol OB BT e K TR A 4 P AT TR R
: SR BL T [ M = TR SR U ER R T A R R B B S R L SRR T R R TR AT
b TE I 5 Y I T 45 L 9 i T IR M TR K TR AR RO 1 S R R R A IR T AR T
RS K TR AR B S AR R B TR I R AR AR TR R R AR L i )

T HR.

P 2 2 3 3 2 3 B A B B A B B B A B B B B A B B B BB B B B A B B B BB B B B B > B B > 3o 3o



