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Seismic reliability analysis of rigid frame bridge
based on response surface method

CHEN Wenyuan', ZHAO Lei' ,ZHONG Qiangwen’ ,CHEN Bing'
(1. Institute of Civil Engineering, Southwest Jiaotong University, Chengdu 610031, China;
2. Chengdu Municipal Engineering Desgn and Research Institute,Chengdu 610065, China)

Abstract ; Seismic reliability is very important to the seismic design and the study of the bridge. Based on the theory
of the response surface of random vibration and response spectrum method, an algorithm for the seismic reliability
analysis of the structures with random parameters is proposed. The structural failure criteria and the equations under
their limit states are studied and the dynamic reliabilitiy of the high-pier and long-span rigid frame subjected to seis-
mic excitation in its design basic period is computed. The random of the structure parameters and the site condition
of this bridge is taken into account when it’ s failure seismic reliability is computed for the low-level earthquake,
design earthquake and high-level earthquake respectively. According to the “three-level seismic fortification criteri-
on” in the code for seismic design of bridge, the seismic reliabilitiy of the bridge is calculated in their design basic
period. The conclusion shows that the design of this bridge meets the demands of the seismic code.
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Fig. 1 Tllustration of a sample based on a CCD for three random variables
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7.4204E+06
— N
B2 4 RAHa R B3 mhE
Fig.2 FEM model for Niujiaoping Bridge Fig. 3 Axial force/N
9.6183E-+07 8.0191E+07
, 8.9443E+06 8.9316E+07
8.4366E-+07 3.8462E+07
1.2779E+08 8.2716E+07
B4 #ERESEE/(N-m) ES5 IAMEEER/(N-m)
Fig.4 Bending moments in transverse bridge direction Fig.5 Bending moments in longitudinal bridge direction
BrREMBENLSHON PR 58 % B A b3 R0 Ee B R 8, R G R 2 1,
®1 FAHTFAFEMENBATENOSITSYE
Table 1 Statistics of the random variables for Niujiaoping bridge
i) % YL RIE #il TREN
FEREE X, E& 2650 kg/m’ 0.08
1 E§ FAPEREE X, B2 3.6 x 10" N/m? 0.2
“HIER X, L 13000 kg/m 0.1
) - REEE X, ER 2500 kg/m’ 0.08
SRPERREE X, & 3.3x10" N/m? 0.2
3 - REEE X, ER 2500 kg/m® 0.08
) AR X, EZ 2.8 x10" N/m? 0.2
4 - It HER X, ERS 350 MPa/m 0.3
ZEMRIVE [ BN HRELE 1, M B R R 1 R S N & R MR L3k 2,
R2 ZEANERMBEUEL EME
Table 2 Probability of three seismic intensities
HuEE 1 1, Ul
KA AER P(T) 0.502 74 0.411 23 0.086 03

FEHFERUPE 1,1, A |, PSR B BIREFMRBMERE P, (B,) P (B,) M P, (B,) %3,
R3 ZKAEMBIETHEMRYEE

Table 3 Arch-rib’ s failure probability under three seismic intensities

1S4 2 5
SE A g
REFU P(B) Py (B, Py (B) PL(B) P (B) PL(B)
NERIR(B,) 0. 000 0. 000 0.993 0.000 0. 000 0.983
HEAIE(B,) 0. 000 0. 000 0.176 0.000 0.000 0.125

KEAEI(B;) 0. 000 0. 000 0. 000 0. 000 0. 000 0.000
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Table 4  Seismic reliabilitly
AT 15 25
- /NERIR PR KEAE MRS PR RENE
P, 0.914 0.985 1.000 0.915 0.989 1. 000

MRS HaTLLR I, 1.2 ST [ A1, BRIET AR, TEFBMRIE [ /EAIT , 45 Hma RL
R P 1 SR AR KRR S AR AS AR 2K, 3531 0.993 H1110. 983, 3 22 58 7T e F A AR KRR S, (B A SR A5/,
G352 0.176 #00.125, 3% 4 T LARGE, 1.2 SETE BTN,/ NEARIR WA 5 E 41525 0. 914
0.915, X FHREH M S , X R EEC AR T R A PREAER AT ERES 514 0. 985 1
0.989 AR H R 1, BIES - RAE" WA LR, W3R 4 PIEFE I, FEF M REE [ /ERT , 4
MARRAEBIR. LRHrRM ZH MBI R EDR,

4 £5iE

R ] R P R PUR I T — A FOACE B RVRE, A SCR FHWe N 10D 5 8 , 58 BLYE R B O s, I
T HA YIRS EE SR 1E LRI B T RAEHRE I T OB AT S, e 5 1R T R4
HSHNGH T WEENLYE, TR T B 1.2 SRR RARBTE 2 8 # iR B R A =B B AR T AR5
BER,RAS T HAE BT HEE A NEARIR” PR R REAE R TR E . SRR, M
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