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Joint application of Vine Copula function and Monte Carlo method
in seismic vulnerability analysis of bridges

TAN Siyun, HE Peixiang
(School of Civil and Hydraulic Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract; Considering the interaction of various components of the bridge under the action of earth-
quake, the simulation of the correlation between components is particularly important for the analysis
of system vulnerability. In response to the shortcomings of the traditional Monte Carlo(MC) method
in calculating the seismic vulnerability of bridge systems, and the advantages of the Vine Copula func-
tion in decomposing high-dimensional Copula function into several binary Copulas to simplify the cal-
culation, the Vine Copula function is introduced to replace the joint probability distribution function
between components in the MC method. Based on an engineering example of a cable-stayed bridge
with special-shaped pylon considering structural uncertainty parameters, the bridge-ground motion
samples are established by stratified sampling with Latin hypercube technology. A probabilistic seis-
mic demand model (PSDM) for components is established through incremental dynamic analysis
(IDA), and the mean and regression residuals of the sample values are obtained. The correlation be-
tween the regression residuals is fitted using the Vine Copula function, and the vulnerability assess-
ment of the bridge is performed by using MC sampling technology combined with seismic modeling.

The analysis results show that the MC method incorporating the Vine Copula function can accurately
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simulate the correlation between components, thereby verifying the feasibility and superiority of the

constructed model.

Key words: Monte Carlo(MC) ; seismic vulnerability; Vine Copula function; system vulnerability
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Pair-Copula Gaussian t Clayton Gumbel Frank Optimized 0
34 —933.7 —1405.6 —1 200. 0 —1365.7 —1472.1 Frank 28. 56
45 —723.2 —807. 1 —748.5 —840. 8 —732.0 Gumbel 3.47
56 —1243.8 —1287.9 —1005.6 —1224.3 —1174.8 t 0. 96 (4.50)
62 —592.5 —626.0 —515.0 —621.4 —576.9 t 0.85 (7.15)
21 —1009.9 —1106.0 —855. 6 —1044.0 —1058.2 t 0.95 (4. 73)
354 —68.4 —63.2 —93.4 —54.9 —101.0 Frank 2.74
4615 —16.0 —18.1 —35.5 —11.6 —13.4 Clayton 0.23
52|6 —46.5 —31.7 —21.2 —73.6 —60. 5 Gumbel 1.21
612 —195.7 —165.3 —164. 6 —154.1 —117.6 Gaussian 0. 58
36]45 0.1 —6.1 —79.7 —1.0 —12.5 Clayton 0. 24
42156 2.0 3.1 0.2 2.0 0.4 Clayton 0. 05
51162 —2.1 —1.6 —13.7 —6.2 —1.4 Clayton 0.12
32456 —81.9 —90.5 —28.1 —90.1 —56.8 t —0.40 (25.06)
41]562 —8.1 —9.4 —26.4 —19.7 —4.3 Clayton 0.23
314562 0.9 0.4 —33.1 —16.2 —5.6 Clayton 0.16
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