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Seismic vulnerability analysis of bridge structures using Bayesian estimation

DONG Jun"?, ZENG Yongping', CHEN Kejian', ZHENG Xiaolong', LIU Liwei', PANG Lin'

(1.China Railway Eryuan Engineering Group Co., Lid., Chengdu 610031, China;
2.Department of Transport and Municipal Engineering, Sichuan College of Architectural Technology, Chengdu 610399, China)

Abstract; The seismic vulnerability analysis method has been widely used to evaluate the seismic performance of
bridge structures. In order to make up for the shortcomings of common analysis methods of bridge seismic
vulnerability and improve the efficiency of vulnerability analysis, the Bayesian estimation method was introduced to
the analysis of seismic vulnerability for bridge structures, and a bridge seismic vulnerability method based on
Bayesian estimation ( referred to as BEM) was proposed. Taking a typical four-span railway simply supported beam
bridge in strong earthquake area as the engineering background, the vulnerability analysis of the bridge with
different pier heights was carried out. The correctness of the proposed method was verified by taking the analysis
results of common methods as reference. Results indicate that BEM can overcome the shortcomings of common
bridge vulnerability analysis methods, improve the analysis efficiency of bridge seismic vulnerability analysis
method, and greatly reduce the computational burden on the premise of ensuring accuracy. The method has good
stability and a great prospect in engineering application.
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Tab.1  Geometric parameters of solid pier section of simply
supported beam
B
Bods/m o BEHE BB AR /m?
d/cm (d + B)/cm
3 1:0 210 360 6.6
5 1:0 210 360 19.8
8 1:0 210 360 39.7
10 35:1 256 406 52.1
12.5 35:1 270 420 81.6
15 35:1 284 434 111.0
17.5 35:1 299 449 140.5
20 35:1 313 463 168.3
25 35:1 341 491 235.0
30 40 : 1 500 680 264.5
35 40 : 1 525 705 325.0

®2 LOVEBENE RIS

Tab.2  Design parameters of solid pier section

e S l-74
(KN - em™)
NN Ny N B fE
57 148

e a/  ay/ AR AR

m cm cm

3 14.84 14.84 62 15 27 27 157 158

5 14.84 1484 62 35 57 57 13 889 38 195
8 14.84 14.84 692 55 87 87 3 631 9 985
10 12.96 1498 71 68 108 108 3012 7 483
12.5 12.35 14.88 74 8 156 134 1 824 4 404

15 1195 1498 77 102 186 159 1218 2 861

17.5 11.42 1489 80 118 214 183 884 2 026
20 11.09 1498 83 135 342 207 674 1509
25 10.34 1498 89 170 348 261 440 947
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Tab.3  Design parameters of hollow pier section

AN

b/ A -
(kN «em™)

m cm cm

s a/

N],] leS NZ N3 %rﬁl Tﬁf'?l
30 205 17 92 92 92 262 815 1353

35 214 175 92 92 92 294 596 919
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Tab.4 Values of damage indexes of bridge members in longitudinal direction

B/ PR R R SE T L SCHEAG P AB XY A%/ mm
m LE D TR JEEBIR SEATIR LA 87 N R 87 N s 27 N e 271
10 l<p< 106 1.106 <p < 1631 1631 <pu < 4.627 w > 4.627 30 60 120 180
125 1 <p< 1108 1108 <p < 1.589 1.589 < pu < 4.561 w > 4.561 30 60 120 180
15 l<p< 113 L1113 <p < 1546 1.546 < p < 4.536 p > 4.536 30 60 120 180
175 1 <p< L1232 L1123 <p < 1527 1527 <p < 4.512 p > 4512 30 60 120 180
20 l<p< LI81 LISl <p < 1412 1412 <p < 4.447 w > 4.447 30 60 120 180
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Fig.4 Probabilistic seismic demand model for pier #3 of simply
supported beam (span=24 m, pier height=15 m)
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Tab.5  Prior distribution information for pier #3 of simply

supported beam (span=24 m, pier height=15 m)

) Ina ~ N(u,,0%) B ~ U(B,.By)

TR

Mo Ty By B,
LT itV 0.549 1.231 0.735 0.905
rhAEg 0.589 1.231 0.735 0.905
S A 0.731 1.231 0.776 0.947
SERHIR 1.476 1.231 0.776 0.947
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Tab.6 Results of seismic damage probability of pier #3 of simply
supported beam (span=24 m, pier height=15 m)
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Tab.7 Failure times of each damage state of pier #3 of simply
supported beam with different pier heights
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Fig.5  Seismic vulnerability curves of pier #3 of simply 0.7 20 13 5 3
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Tab.8  Posterior distribution information for pier #3 of simply

supported beam with different pier heights (span=24 m)
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Fig.6 Seismic vulnerability curves of pier #3 of simply supported beam with different pier heights (span=24 m)
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Fig.7 Seismic vulnerability curves of bearings of pier 3# of simply supported beam with different pier heights (span=24 m)
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Fig.8 Seismic vulnerability curves of members of pier 3# in longitudinal direction obtained by two methods
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Fig.9 Damage error probability of members of pier 3# obtained by two methods
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Fig.10 Seismic vulnerability curves of pier #3 of simply supported beam (span=32 m)
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Fig.11 Seismic vulnerability curves of bearings of pier #3 of simply supported beam (span=32 m)
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