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Seismic risk analysis of high-speed railway isolated bridges

based on response surface method
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Abstract: Considering the uncertainty of the high-speed railway isolated bridges and the ground mo-
tion, SAP2000 is used in this paper to establish isolated and non-isolated bridge models respectively.
A structure-ground motion sample pair is established by the Central Composite Design method. The
nonlinear dynamic time-history analysis of the bridge structure model was carried out, to establish re-
sponse surface functions with the displacement ductility coefficient of the pier column and the shear
displacement of bearings as outputs. Then, based on the Latin Hypercube Sampling method, the vul-
nerability curves of isolated and non-isolated bridge members were obtained. Based on the analysis of
structural vulnerability and seismic loss, the total cost of the bridge structure in its whole life cycle

was obtained. The results show the method of obtaining the response surface function by the Central
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Composite Design can effectively reduce the calculation times and improve the calculation efficiency of

vulnerability analysis of bridge structures. The exceedance probability of each damage level of isolated

piers is lower than that of non-isolated piers, which shows that friction pendulum bearings play a good

role in protecting high-speed railway bridge piers through friction energy consumption. Seismic eco-

nomic loss, maintenance cost, and total life cost of isolated bridges are lower than those of non-isola-

ted structures in the full life cycle, which shows that the economy of isolated bridges in the full life cy-

cle is good.

Key words: response surface method; isolated structure; vulnerability analysis; high-speed railway
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Fig.1 Finite element model of a high-speed railway bridge

2.2 N TED o S B Yy B ST

A e, RIS R S, BRPE R B, LR
BETWBURIREE £, a2 80 AL &, i R AL
20 JIHMEHUPGA 1 Ay Hb A2 I iy A 75 10 DA T A D0 4t
AT EYE 4 M SEH— R A E IR 3,

R2 FHHSHENTENSH

Table 2 Distribution type of input variables of structural parameters
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Table 4 Seismic wave information
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Table 5 Pier top displacement of non-isolated and isolated high-speed railway bridges
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Fig.2 Response surface diagram of the effect of yield strength and elastic modulus of reinforcement on the displacement of pier top
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of isolated and non-isolated bridges
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Table 6  Fitting coefficients of response surface of piers and bearings of non-isolated and isolated high-speed railway bridges
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Fig.3 Comparison of edge pier vulnerability curves of non-i-

solation and isolation high-speed railway bridges
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Fig.7 The occurrence probability of different failure states of

side piers for non-isolated and isolated bridges
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Table 7 Earthquake damage matrix of side piers of non-isolation and isolation high-speed railway bridges

HuREFNE VI VI VI X X

BOPRE ERE R JERE R dRRR R ERER BR JERE R
HASERF 0999 0.999  0.831  0.999  0.189  0.788  0.046  0.155  0.022  0.085
BfmR  0.001  0.001  0.103  0.001  0.106  0.161  0.024  0.119  0.011  0.055
AR 0 0 0.066 0 0.680  0.050  0.504  0.721  0.266  0.736
EEBIR 0 0 0 0 0.024  0.000  0.425  0.005  0.660  0.123
SRR 0 0 0 0 0.000  0.000  0.001  0.000  0.041  0.000
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