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Seismic response analysis of a cable-stayed bridge with
shape memory alloy seismic mitigation systems
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(1. Highway Maintenance Service Center of Qinhuangdao City, Qinhuangdao 066000, China; 2. Rizhao Branch of Shandong Expressway
Development Group Co., Ltd., Rizhao 276800, China; 3. College of Civil Engineering, Tongji University, Shanghai 200092, China)

Abstract: Shape memory alloys (SMA) have the characteristic of superelasticity and shape memory property, and
are increasingly applied to civil engineering. A novel SMA-based device is proposed, which has the seismic
mitigation and displacement limiting capacities. The device connects with the superstructure and substructure of the
bridge through axis pins. The novel device not only can restrain the bridge in a safe range, but also can dissipate
the seismic energy, and protect the bridge from earthquake damage. This study comments with pseudo-static tests on
a single SMA cable specimen and the novel device. The constitutive models of the SMA cable and the novice device
are proposed based the test results. A finite element model of a cable-stayed bridge with a main span of 360 meters
was established in OpenSeesPy software for investigation. Seven far-field and seven near-field earthquake records
were selected to study the seismic responses of the cable-stayed bridge with the novel device equipping 0, 5, 10,
15, 20, 30, 40, 50 SMA cables. The study results indicate that the maximum longitudinal displacement of the

girder decreased significantly with the number of SMA cables increased. However, this reduction was accompanied
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by a slight increase in the average maximum curvature at the base of the main tower. For example, the seismic
mitigation device with 10 SMA cables reduced the average maximum displacement of the girder by 51.8% and
36.8% under seven far-field and seven near-field earthquakes, respectively. However, the corresponding average
maximum curvature at the tower base increased by 5.1% and 16.0%, respectively. Consequently, the proposed
SMA-based seismic mitigation device can effectively reduce the displacement of the girder at the cost of a small
curvature increment at the tower base.

Key words; seismic prevention of bridge; dynamic analysis; shape memory alloy; seismic mitigation and

displacement restraining device
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Fig.1 Components and assembly of the SMA seismic mitigation and displacement restraining device

1.2 SMA BEMRMKETIEHRE

PeE LA S DIREE A (300 B4s, TR S R ARG (SR PR W4s, bR e A E L R
FEFLIR Z [ A] ARV b A s, Y EEA5H 5 T ERE A A AR AR RS I | 1208 8 W ] i) A 48 FE R
BRAIAEHT, BRI RE T AT SMA Fr R 2R K FEZIR MIRAE S E2 /K (50 a MR 2% ) HZAEHTT
FRMMAE T RORIE . KRG TAEFEIRATT . OS5 b T S A 7 3 b N B0 A AR W ) Y
TE AR AL — N ik, A had o b e R O RS AR 158 LA B b iR g T A, b T IR R AR A
XIIE 25 Bz 3y, BEAs b i RS I R AR A SMA fr R AR B BR A7 FIAEREVE T, iz sh L&l 2 (a) Fiw;
@Y I NEREE A s LT A A TR A ) A RS BT B AN S, B E A A 1 M
JRE AR B LA 2l i RS T A B b IR R e A AR I B i Bl IS b R A Bl ) — M N R AR
SMA i, H RO FFEREVE , anE 2(b) Fias . 78 E2 K- HUFEAVE T 268 SMA R 1 5 KA g AR
AKT 8% , LAHATR SMA R AR B FOAR AR BOA 450, LA SMA LR i 2R 15 bk fE

(a) b "MHRA T 1R (b) b FEfh A SRR
2 SMA BERMKETERETER

Fig.2  Working principle of the SMA seismic mitigation and displacement restraining device
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Fig.6 Test initial state of the condition 1 and condition 2
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Fig.7 Force and displacement curves of the SMA cable-based device
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Fig. 15 Layout of the SMA cable-based seismic mitigation and displacement restraining device
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52 SMA BEFRBEEREREUR
OBl s 5 T TN 2 e Y R R B il B ORI o Y OO e K M SRR R
TR R IME, S5 N3 1 3R 2 R, W LUR IR, Toie o I 04 2 Bl Bh R 3 o S i S R AE T dx
AT 468 T ) 5 R 25 S S5 R80T A TR 174 Je R ot 2% 10 B A B0 Ao R 8OAS 2 DR B R A P TR G 338
®1 EIFHEINER TR AN EHE ®2 EBRONESE R TIER S H B R KR T e

Table 1  Average value of the maximum response Table 2 Average value of the maximum response of transition and
of piers under far-field ground motion auxiliary piers under near-field pulse ground motion
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Table 3 The maximum average displacement and the average

reduction rate of the girder displacement
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Table 4 The maximum average value and average increase

rate of the curvature of the tower base
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Fig. 18 Displacement of the girder under far-field and near-field pulse ground motions
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