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Three-dimensional Vulnerability Analysis of Cable-stayed Bridges under
the Combined Action of Earthquakes and Winds "

Chen Long Chang Jun' Liu Chenguang

(School of Civil Engineering, Suzhou University of Science and Technology, Suzhou 215011, China)

Abstract To more reasonably assess the risk status of cable—stayed bridges under the impact of multi-
ple hazards, this study focuses on the high-risk event of concurrent earthquake and wind hazards, while
considering three types of components: pylons, bearings, and stay cables. On this basis, the two-di-
mensional system fragility analysis is extended to a three-dimensional system, and a three-dimensional
system seismic-wind fragility analysis of cable-stayed bridges is conducted. Under earthquake action, the
main girder remains in the elastic stage and is therefore not considered to be damaged in this study.
First, based on the Incremental Dynamic Analysis (IDA) method, loads are applied to the structural nu-
merical model incrementally from low intensity, and different wind loads are simultaneously imposed on
the model for time-history analysis. Then, considering the strong mechanical coupling and correlation a-
mong components, the pylons, bearings, and stay cables are selected, and reasonable damage indices are
adopted to calculate their respective seismic-wind fragility curves, revealing the inherent correlation of

seismic-wind effects among the three components. Finally, Pearson correlation analysis is employed to
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quantify the correlations among the three components, and a three-dimensional system seismic-wind

multi-hazard fragility curve of the cable-stayed bridge is obtained. The results show that the failure

probability of components derived from the three-dimensional system fragility analysis is more accurate

than that from the two-dimensional fragility analysis, and the three-dimensional system fragility curve

provides data support for structural risk assessment.

Key words cable-stayedbridge,

hazard vulnerability analysis,
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Table 2 Earthquake ground motion record

5 R 5344 PGA/g
1 Northern Calif-03 Ferndale City Hall 0.05
2 San Fernando LA-Hollywood Stor FF 0. 10
3 Imperial Valley-06 Calipatria Fire Station 0.13
4 Loma Prieta Agnews State Hospital 0.17
5 Landers Joshua Tree 0.27
6 Hector Mine Amboy 0.18

7 Darfield New Zealand Styx Mill Transfer Station 0. 18

8 Managua_Nicaragua-01 Managua_ESSO 0. 37
9 Turkey Turkey 0.58
10 Managua_Nicaragua-02 Managua_ESSO 0. 26
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Fig. 7 Vulnerability curve of each component
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Table 4 The correlation coefficients of components under different seismic actions

PGA/g 012 Ay Ny, 013 Al N, 023 Aoy N,
0.1 0. 867 0. 845 1. 183 0. 863 0. 841 1. 189 0. 866 0. 842 1. 188
0.2 0.852 0. 832 1.202 0.796 0. 835 1.198 0. 821 0. 837 1.195
0.3 0. 756 0.796 1. 256 0. 789 0. 810 1. 235 0. 816 0.783 1. 277
0.4 0. 831 0.791 1. 264 0.814 0. 801 1. 248 0.823 0.786 1.272
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0.8 0.861 0. 825 1.212 0. 759 0.782 1. 279 0. 832 0.793 1. 261
0.9 0.852 0.789 1.267 0.831 0.799 1. 252 0.821 0.801 1.248
1.0 0. 837 0.793 1. 261 0. 814 0.791 1. 264 0. 833 0. 814 1. 228
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Fig. 9 Three-dimensional vulnerability curves of the cable-stayed bridge
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