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Probabilistic seismic demand models and fragility estimates for
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Abstract: For the proposes of fragility analysis, a typical configuration of multi-span simply supported
concrete box girder bridges are selected as analytical object from the statistics of as-built high-speed railway
bridges in China. A set of bridge samples, in which five uncertain parameters are considered, are
established using the trial and error method based on the Latin hypercube sampling. A portfolio of recorded
ground motions divided into bins are assembled, and matched with bridge samples. Then nonlinear time
history analyses are performed to capture the responses of structure. Damage states of bridge components
are defined, and probabilistic seismic demand models are formulated by quadratic regression analysis for the
ratios of the capacity and demand. Fragility curves of bridge components are developed consequently and

the fragility of bridge system is evaluated using a single estimate for the second order bounds method. The

W s B H#P:2017-03-22

EEWA 9=+ —REARE6A—2)

EEB N AHE Q961 5 8B A I, FEMNEHFRTRHFR . (E-maiD sjzhou8@163. com,
Received:2017-03-22

Foundation item; Research Project of China Railway 21st Bureau Group Co. Ltd (No. 16A-2)

Author brief; Zhou Shijun(1961-), professor, doctoral supervisor, main research interest: bridge engineering, (E-mail)

sjzhou8(@163. com.



% 64

Bl B SRk W A R MR R F R A G B AT 13

results show that PSDMs formulated by quadratic regression are better than that by traditional linear

regression. The expansion bearing and the column piers of this bridge type are fragile under earthquake

excitation. A single estimate for the second order bounds method is preferable to evaluate the fragility of

bridge system, and is easier to use than the first order bounds method.

Keywords: railway;

model; fragility
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Fig. 1 Nonlinear analytical model of bridge

structure including nonlinear elements
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Table 1 Uncertain parameters and their probability distribution of bridge
28 R i} p o cov =o/p BEn | Hfy
A 753 Je IR Xof BEIE 25 43 A1 370 44,40 0.120 299. 50~444, 96 MPa
R BE L PR R B EZ& A 40 4.24 0.106 33.0~47.0 MPa
ERE A A IEZS 53 A 390 40. 2 0.103 323.67~456. 33 kN/m
M THI AR ] B B IE& i 100 11 0.110 81.85~118. 15 mm
SR E 5 R RN B2y o3 A 0.022~0.058

PL T A7 7 AR (Latin Hypercube Sampling,
LHS) J& — Bl A8 58 40 7 3, 1 20 il A A A i 1 [
B IR R DR UERS = A A M . 7E LR AL A 1 S 80

SR A Ml 2k F Lo B4R B R 506,150,
950 XEREFY 10 AMEIEH AVBLe T R B S
A E S BT LHS. 705015 2 542 80 10
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Table 2 The values of uncertain parameters

for 10 bridge samples

fy w A b Se
A 299. 46 431. 81 104. 26 0.038 35.59
B 322.21 362. 86 88. 56 0.022 41. 64
C 336.63 374. 40 118.15 0.046 47.0
D 348. 43 384. 85 81. 85 0. 054 42. 86
E 359. 47 405. 60 95.73 0. 050 33.0
F 370. 68 348.19 98.59 0.042 38.35

382.43 456. 33 92.57 0.034 44,41

H 395. 83 323.67 101. 41 0.030 37.14
I 413.56 395. 14 107. 42 0.058 39. 45
J 444. 96 417.13 111. 44 0.026 40. 54
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Fig.2 Modeling of bridge components
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Table 3 Definition of damage states for piers
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Fig. 5 Curvature capacities of piers for 10 bridge samples
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Table 4 Regression equation of piers for different damage states

vy =a -« In(PGA) +b

y=a-*[In(PGA)]? 4+ b+ In(PGA) +¢

PR
a b R? a b ¢ R?
% B A% 0.990 3 0.703 0 0.670 1 0.363 2 2.443 0 1.891 5 0.742 9
R 4% 0.994 7 0.500 2 0.673 8 0.359 2 2.431 4 1.675 6 0.744 7
ENi R L] 1.045 9 —0.679 0 0.694 5 0.360 8 2.489 2 0.501 8 0.761 2
EEcink il 1.071 8 —1.7617 0.701 8 0.371 2 2.556 7 —0.546 9 0.769 7
x5 BAEXERBGRENEITLE
Table 5 Regression equation of fixed bearing for different damage states
vy =a -« In(PGA) +b y=a-*[In(PGA)]? +b + In(PGA) + ¢
PR
a b R? a b ¢ R?
% B A% 1.778 4 0.174 2 0.780 4 0.561 6 4.024 7 2.012 0 0.843 2
R 5 4% 1.787 0 —0.528 8 0.782 4 0.559 2 4.023 9 1.301 2 0.844 3
i 1.788 0 —1.739 9 0.783 5 0.552 1 3.996 5 0.069 0 0.843 8
e 1.797 7 —2.121 8 0.784 8 0.556 8 4.025 1 —0.2995 0.845 5
x6 EIXEZFHAERESHEIFLE
Table 6 Regression equation of expansion bearing for different damage states
y=a-+In(PGA) +b y=a-+[In(PGAY]? +b « In(PGA) + ¢
PR INAN
a b R? a b ¢ R?
% B A% 1.155 3 0.529 3 0.713 0 0.512 8 3.206 7 2.207 6 0.827 2
R 35 4% 1.186 6 0.032 3 0.7239 0.515 2 3.247 5 1.718 3 0.834 0
A 1.207 7 —0.465 3 0.730 4 0.517 1 3.276 1 1.226 9 0.838 5
¢4t 1.233 8 —1.174 2 0.737 3 0.510 4 3.2655 0.496 2 0.840 9
x7 MEBERG.PERGRESHEEFE
Table 7 Regression equation of abutment for two damage states
v =oa-+In(PGA) +b y=a-+[In(PGAY]* + b+ In(PGA) + ¢
PR
a b R? a b ¢ R?
% B A% 0.985 3 0.383 8 0.548 7 0.569 6 3.263 9 2.248 0 0.696 8
R 405 1.022 7 —0.922 3 0.568 6 0.564 9 3.282 4 0.926 5 0.708 7




18 T REHRERKRE A

% 39 %

" " > o 0
In(PGA)
(b) [l & 2 JBE

% . . . :
-4 -3 -2 -1 0
In(PGA)
(d) &
o BdEA - MREAE — ZKREA

B6 HRZHEHIMBZRENNEIFSHR
Fig. 6 Regression of the PSDMs of bridge components
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Fig. 8 System fragility curves for different damage states
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