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Time-varying Seismic Fragility Analysis of Offshore High - Speed Railway Bridges

LIANG Yan, YAN Shichang, LU Yao, LI Liangliang
(School of Civil Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract: To study the impact of durability damage on the seismic fragility of high-speed railway
bridges in offshore environments, this paper builds a nonlinear finite element model of high-speed rail-
way multi-span continuous rigid frame bridges based on the OpenSEES finite element platform, con-
sidering the corrosion and bond slippage of steel bars within the service life of high-speed railway
bridges in offshore environments. The IDA method is used for nonlinear time-history analysis to de-
termine the damage index and the seismic fragility curve of each component of the bridge. Based on
the second-order limit method, and considering the relevance of each component, the time-varying
seismic fragility analysis of the high-speed railway bridge system is carried out. Studies show that the
time-varying seismic fragility of offshore high-speed railway bridge systems increases with the exten-
sion of service life in the full life cycle, and the exceedance probability of minor damage changes sig-

nificantly with the time of service; as the damage intensifies, the exceedance probability of each state

» Yo FE HHA:2022-02-20;1& @ H #5 : 2022-05-07
BE&TH:HEK B AR 54 (51608488) Vil /g 4 T AU & S % I (BHE B 6 )(212102310268) FB M K4 4FE 8 T #
Uifi3si 5 (2121ZDGGIS008)% Bl
YEE B A (1986—), 55, Bl 4% 1. ENEN R UL S APEHFSY . E-mail: liangyan@zzu.edu.cn
BIRAEE FE5E(1988—), T, yFIi 1 o FENFHRE 2 N4 Hr 5. E-mail: luyao@ zzu.edu.cn

1248



decreases with the extension of service time; taking 100 years of service as an example, the exceed-

ance probability of minor damage, moderate damage, severe damage and complete failure of the

bridge system under the action of a rare earthquake of intensity 8 is 97.5%, 91.6 %, 21.5%, and

1.4%, respectively, increasing by 5.3%, 15.1%, 11.1%, and 1% respectively compared with the

newly built bridge system.

Keywords: bridge ; high-speed railway; durability damage; time-varying seismic fragility
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Fig.3 Time-varying parameters of bond-slip
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1 Cape Mendocino  Shelter Cove Airport 7.01 0.23

2 Imperial Valley-06 ~ Aeropuerto Mexicali 6.53 0.31

3 Kern County Taft Lincoln School 7.36 0.16
4 Landers Joshua Tree 7.28 0.27
5 Tabas_Iran Dayhook 7.35 0.32

6 Taiwan SMART1(45) SMART1006 7.3 0.17

7 Trinidad Rio Dell Overpass 7.2 0.15
8 San Fernando Lake Hughes #12  6.61 0.38
9 Friuli_Italy-01 Tolmezzo 6.5 0.28
10 Irpinia_Italy-01 Brienza 6.9 0.22
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Table 2 Time-varying damage index of piers

it b L i
04F 504F 704F 100 4 04F: 50 4F 704F 100 4
Yo 1 1 1 1 1 1 1 1
Yoy 1.167 1.167 1.167 1.167 1.271 1.257 1.245 1.226
Lt 2.972 3.110 3.188 3.302 2.963 3.005 2.986 3.012
Pemas 5.972 6.110 6.118 6.302 5.963 6.005 5.986 6.012
P,=P(R=LS|IM=x) (8)
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