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Abstract: The joint probability distribution function of piers and bearings plays a crucial role in the seismic
vulnerability analysis of a bridge system, which is, however, very difficult to be established directly due to the
correlations between the seismic demands of bridge components. Therefore, the copula function method is
introduced to separate the correlation between each component from the marginal distribution function and
consequently simplify the modeling process of a joint probability distribution function. Based on the fragility
functions of pier and bearing as well as the joint distribution function derived by a copula function, the fragility
curve of a bridge system is developed. Furthermore, the fragility curve is compared with those of the first-order
bound method and Monte Carlo method. The results show that: the seismic vulnerability of a bridge system ranges
within the upper and lower bound of the first-order bound method; compared with Monte Carlo method, the
copula function method takes the non-linear relationships among the seismic demands of bridge components taken
into account and avoids a lot of numerical samplings, which subsequently improves the computational efficiency
significantly.
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Table 1 Uncertainties and distribution of structure parameters
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Table 2 Seismic demand models of bridge components
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Table 4 Limit states of bridge components

R A e, hiE SRV

G L e e
e 1.000 1.711 0.246 3.703 8.112 0.472
ur 1.000 1.375 0.246 2.425 4.751 0.472
by 0.050 0.075 0.246 0.100 0.125 0.472
bt 0.050 0.075 0.246 0.100 0.125 0.472
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In(u) 1.721In(PGA)+1.209 0.471 1.089
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Table 3 Correlation coefficients of structure seismic demands

R FRE In(u1) In(uir) In(hy) In(br)
In() 1 0.939 0.851 0.731
In(ur) 0.939 1 0.806 0.712
In(by) 0.851 0.806 1 0.859
In(br) 0.731 0.712 0.859 1
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REJJHIBENLEL, JEAS2ESE — RS R IE T RS
IR . (ERA R SR EJE N, K OGHAT
BENLIAE, BIRTRRIMFR RGM Gtk . RETXT
Et, 4 Monte Carlo #1FE 777215 2 R 48 5 B8 T
K 5. %5 EL AT %0 : B Copula B8%577 741 Monte Carlo
TFEAS B R A VI & R I R A
SRR N, 25T Copula MEGT RSN RS S
A Monte Carlo J5¥ 1)k 22 Bl Hi1 7= 2 9 B 11 34
hn, Fed RGN, R ZE AN 3.9%; 1£™ Bl
I TE RN PPIRA TS, 25T Copula BEHHA1G 3|
TR 5 %A Monte Carlo 777E H 22 B Hb 2 )
SR JE RGN K, KM ZEN 7.9%. FE— B 5k
1 Copula pRE7 1% HERTE . IE4h, F1 Monte Carlo
JiiEARLG, Copula BREUTVEANMY T RE T HHEHLRE 757
SRIF B AR LR EAR SRR, Ty HLRE G 1 R & A B 4
FE, ATHR R B ERTT.
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5T Copula BRETTE, 19 2IF1F RS 5341 B
B, BEAL T IR R B TR SRAH SV i (R 2
RGPtk 2, kA —Hr FER% X2 Monte
Carlo e 75T B, BBILLR 4518

(1) Copula PAECATRIL T 2 TS HER A0
PR BT, 1 HL AR S 1R M (R R 75 SR 2 )
ARG AEAH SRR, TR RO, #3801 4%
4t Pearson Z&MHAHIC R E R BRI L 1 AH 1 1 )
PR, % EEAA R RE 75 SR 2 18] (R AH SR FR E— AN
K.

(2) # T Copula bR 15 21 R Gt 5 10 VAN
Monte Carlo 7774453 2 ¥ 45 RV & R 4T, B 7E ™ =
IR TE R BIR LS, Him KW ZHAE 8%
W, FECRUETHERE B ROEOLT, Efe 7 REMEUE
HFE, T RESCR R E .
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(3) EBRAMFESETEE N, FT Copula
HRB N RR GBI T — I ABRER B I3
Z i), AHR&F . FHRAEZESECR, Uk 17 L—Fr
FrBRIEVFAA G R S8 0 Gy itk 22 5| BRI 2

(4) AR 6 Copula B U FEMF I S S e
HFE TSR Z AR O, AL TR R & Pt
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PR FE R SR Z T AR G PE, AT B R 5 AR ) 46 44
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