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Vulnerability analysis of long-span suspension bridges under wind-seismic combined effects
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Abstract: Long-span bridges are subject to various natural or man-made disasters in their whole life cycle.
Compared with a single disaster, the disaster-causing mechanism of long-span bridges under multiple disasters is
more complicated. To investigate the multi-disaster vulnerability of long-span suspension bridges under wind-
seismic combined effects, a finite element model was established to numerically simulate the structural dynamic
response under the single load and wind-seismic combined effects. The peak ground acceleration (PGA) and wind
speed were used as the strength indexes of ground motion and wind load, and the curvature of the bottom section
of the bridge tower was selected as the damage index. The probability demand model of bridge structure under
different disasters was established, and the single disaster vulnerability curve and multi-disaster vulnerability
surface were drawn to evaluate the structural damage probability under different disaster intensity combinations.
The vulnerability analysis results of bridge structures under the action of a single disaster and wind-seismic
combined effects were compared. The results show that the dynamic response of long-span suspension bridges
under single load increases with the increase of load intensity. The wind-induced response is direction-sensitive
and has a wind speed threshold, and the failure probability of the structure increases nonlinearly after exceeding

that threshold. The failure probability of each damage state of the bridge under wind-seismic combined effects
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increases nonlinearly with PGA and wind speed, and is significantly greater than the direct superposition of single
disasters.

Key words: long-span suspension bridge; wind-seismic combined effects; damage index; vulnerability analysis
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Table 1 Main material properties

SR AL 1 ok AR B/ Pa HEL /N A R/ (kg e m )
nsh 3 Q345 2.06x10" 0.3 7 850

B 1R 5 AN 22 2.00x 10" 0.3 8 005

mFE 17 5 AN 22 2.00X 10" 0.3 8 005
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Fig. 1 Suspension bridge finite element model
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Table 2 The first 10 natural frequencies and mode shapes of the suspension bridge
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Table 3 Ground motion information
% =R £y BulifE B 474 A /km I 2 5
1 Northwest Calif-01 1940 El Centro Array # 9 6.95 6.09 I 2
2 Borrego 1942 El Centro Array #9 6.50 56. 88 Il &
3 Kern County 1952 LA-HollywoodStor FF 7.36 114. 62 IS
4 Kern County 1952 Pasadena-CIT Athenaeum 7.36 122. 65 IES
5 Kern County 1952 Santa Barbara Courthouse 7. 36 81. 30 I 2%
6 Kern County 1952 Taft Lincoln School 7.36 38.42 I 2
7 San Fernando 1971 Anza Post Office 6.61 173.16 IS
8 San Fernando 1971 San Onofre-So Cal Edison 6.61 124.79 I 2%
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Table 4  Static three-component force coefficient of the standard section of the main beam

PRI/ () Cp C. Cu
0 0.970 —0.187 —0.010
3 1.038 0.071 0.026
6 1.219 0.263 0.062
9 1.577 0.469 0.102
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Fig. 2 Schematic diagram of load application under wind-seismic combined effects
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Fig. 3 Time history curves of lateral displacement of tower top tower under different conditions
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Fig. 4 Variation of peak lateral displacement of tower top under different conditions
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Fig. 5 Lateral displacement time history at bridge tower top and maximum cloud map with PGA and wind speed
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Fig. 6 Lateral displacement time history at bridge tower top and maximum cloud map with PGA and wind attack angle
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Table 5 Damage index of bridge components
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Fig. 8 Seismic probabilistic demand model Fig. 9 Wind load probabilistic demand model

Fo MEFRRAEMPAFESUERE

Table 6 Regression equation and goodness-of-fit for probabilistic demand models
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Table 7 Regression equation and goodness-of-fit for wind-seismic probabilistic demand model
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Fig. 13 Vulnerability surface under multiple disasters
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