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Seismic Fragility Evaluation of Cable Supported Bridges Based on Probability
Distribution Using Safety Factors of Structural Members

Jin-Woo Park '™, Chang-Sung Kim”, Doo-Kie Kim’

Abstract: The purpose of this study is to rationally determine the priority of seismic reinforcement of main(key) members of bridges. Cable Supported
bridge was selected as the evaluation target and the reliability based on the probability distribution was used to evaluate the seismic fragility of the
key members as a quantitative indicator. The safety factor, which is a random variable, is considered an artificial (fixed load and live load) load and
a natural (earthquake, wind, temperature, etc.) load. The seismic load is applied as a possible earthquake during the lifetime of the bridge. From analyzing
the fragility of each key member based on the seismic reliability, it can be concluded that the shoe (23.8%) was the most fragile, where the other members
are ranked as place concrete (20.5%), pier (18.9%), foundation (17.3%) and cable (5.0%) respectively.
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Fig. 2 Change of probability of failure due to change of mean
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Fig. 11 Main mode shape of Cable Bridge e.g.
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Table 1 Safety factor by major members

Place  Stiffening Cable

No. Foundation Pier Shoe Concrete  girder
1 3.94 1326  2.117 1.23 2.51 1.94
2 2.05 1221 1.078 227 1.87 1.89
3 2.37 7.13 0.793 1.91 2.60 1.84
4 1.43 7.99 1.095 1.01 1.92 1.79
5 1.26 4.02 0.778 1.86 1.59 1.73
6 0.85 3.45 1.076 1.09 1.51 1.67
7 1.26 13.18  1.191 1.08 1.23 1.60
8 1.6 10.44 1.33 1.22 1.10 1.54
9 1.61 7.63 1.244 1.14 1.59 1.72
10 1.64 6.05 1.85 1.94 1.52 1.78
11 1.47 6.80 1.929 2.78 1.27 1.85
12 8.22 9.29 3.423 1.53 1.23 1.91
13 1.76 8.83 1.222 1.06 - 1.98
14 1.84 5.89 3.583 1.87 - 2.03
15 1.86 - 1.781 2.08 - 2.08
16 1.93 - 2.265 1.17 - 2.12
17 2.07 - 1.274 2.27 - 2.14
18 1.96 - 1.218 1.23 - 2.16
19 1.64 - 1.152 - - -
20 1.44 - 1.871 - - -
21 1.92 - 1.051 - - -
22 1.61 - 1.778 - - -
32 ME|= "ot
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Table 2 Mean and Standard deviation

Place Stiffening Cable

Sign Foundation Pier Shoe Concrete  girder
I 1.76 8.30 1.60 1.40 1.66 1.88
o, 0.58 3.00 0.73 0.55 0.47 0.18

Fig. 17 Cable PDF
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Table 3 Members of Failure and Reliability

Sign F0l.1nda Pier Shoe Place Stiffening Cable
-tion Concrete  girder

Pf 9.90% 0.74% 20.87% 23.81% 7.94%  0.00%

I} 3.01 2.76 2.19 3.07 3.57 10.46
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Fig. 19 Probability of failure VS Reliability index
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Table 4 Fragility Influence Coefficient and Fragility Share

Place Stiffening Cable

Sign Foundation Pier Shoe Concrete  girder

FIC  8.16 8.88 11.20 9.65 6.88 2.34

FS 173% 189% 23.8% 205% 14.6%  5.0%
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