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Prediction of synthetic seismic damage grade
of in-service highway girder bridges

FAN Yanyan, LI Jianglong, LI Ziqi

(School of Civil Engineering s Lanzhou Jiaotong University s Lanzhou 730000 s Gansu s China)

Abstract: To objectively predict the synthetic earthquake damage of in-service highway girder
bridges, an evaluation index system for synthetic earthquake damage prediction of highway gird-
er bridges was established by considering existing problems of in-service bridges during opera-
tion. Taking the bridge as the disaster bearing body, a matter-element extension model for syn-
thetic seismic damage of in-service highway girder bridges was established in this paper. Then
the entropy method was used to determine the synthetic seismic damage status of the bridge.
Taking an in-service girder bridge as an example, the synthetic seismic damage of the bridge was
determined by using the above model. The research results show that the synthetic seismic dam-
age level of the bridge is grade III, and the damage level is medium. According to the results,

main factors influencing the seismic damage degree of the bridge were analyzed. The evaluation
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accuracy and reliability of the model was greatly improved by evaluating the synthetic seismic

damage level of the in-service girder bridge through a comprehensive analysis of the correlation

coefficient of multiple indexes. The study can provide a certain reference for predicting the seismic

damage level of bridges, thus having a positive significance for improving the synthetic seismic

capacity of bridges.

Keywords: girder bridge; synthetic seismic damage assessment; matter-element extension theo-

ry; entropy weight method

0 35

o R I UL A AR R 2 — WA AR
3 T B R RME . I JLAR TR E R A
JEEBHAT T IR E L TR R, RO A R T
T I A 25 % 1) o BEAX A1, HC BT RR R ) X 3 g 52 il
b et B mEE Y, e R 2
v A ol T A | 22 2 R RO TR A R A
3 — B 2 (7] o A 2 R b B A ) A2 B I
FOF 28 o ] o Al 00 7 A8 2 e TR AR R ok ol T 3t
2 A2 B I W IR A R B R/ B R B R A BIF
FERAL HEA R R LM ES LR X

AR S [ N AT 5T 38 028 B 5 SR B L 7 3T
fEEEAT T — R BV IIE T FAE 1984 4, H AR 22 H A
PRDE = B 251 1 3k X 8 52 )™ AR 35 1Y 30 JAE A B AR
Rgr it f 5L T BP0 M BE I E B HE 5 Buckle
SRR S [ A S M R A 0 A BEORHS Hh & e A K
T T P P S R 4% 5 - BR R R R T A A R
A7 SR T A A 5 P SR TR 2 A3 AT i
HENL R T VP A BEAL, of 2> i 5% U AT RE B A R
T OLHEAT T 005 A0 R T BP B 2R 9 46 B 7R R
SRR R FINGREA i 5 1 B UM 2 3 PR A
SRR AR H AT, BRI AU YRR A
L IR R AR T 5 ISR L X 232 5O P A 7
LR Z B — A 5 B BUE L A R T B B R Y
R BE » ELEUAT B SCRK PR T B 52 55 BERHAE 6 TS L 352
A % B AE BT B2 R BOIR B, T BB 1 R R T
UGS B SO PR s P N ¢ N ES N N P O S U B - 2 1 e
PR F A R AT 2 SO 258 3 PR A 32 A
S AL AR Z A E T B B A G — PR
H A ) S L ST AR R 5 B 0 M S R S B 1 AR
A& P SC I PR BUE B BT 2 1 40 % L JEIEAN 45 A5
Hy B — B B S {2 74 S DX I, DA T E B 4 T 3t 3
MRS G T4 G i AR BT L SR AR LTk ) 5 S TR R
R HYBUE L W B 10 256 52 HOIR O L D B S Y 4

il 1

115 o o 9 4k RS A A
1 HEABZEAFESRENITNERER
*

FEABL N B R A 2R B R T W PR AR R R —
MNEIRRGE 5 B e R HR TN fe bn iR &
7 SE BB St A BB AR AT AN . Gl T i S
PUARIF TR0 AR (2 B SR P AR B ) 5
(0> AR B R A3 RE J 46 U PP LR ) o S 706 8 A 1R &
Fag 3t B8 R A SN — A M AR R R T 4R AR
P W g 5 7 R A T T O 20 AT B P i O R
[ERER 419 rd VS A i I=E T AVA/AS i 37 S W T2
FREE M AR R K 1 B,

RF WG] R F R T RN EE S E
RINTF G SR KRR EA K, T ERD
AT 7 SC T HH 75 068 L o 3 T2 5l 6 94 A AT 2R
BOR Y GRS P IBCHY 37 5 1l S R bR A B R A B
F4 2 B 1 5 7R 45 s A B A 7 T i 72 3 7R g I A A
USRI NN PSS e S-SR g 1 7
FLE ORI Y N R (g i 26 1F VB R ) K
It B JBE A DR 3R R Y AR SR P Ak Y — AR A

SR8 ] B RN E R o 11
VIV LV A S5 G, o300 2R FE AR SE U R IRUREIR
AR " IR AN IR I X8 R 2 R AR L
BIE:Cy Co Co s Co MO SRR [4-6 70 X 48 A 19 5
AR EAT R 53 5 C 5 MR A (2 S W 52 7K 2 18 g 46 T 3
SE MURE ) X 7R E A P A A3 45 b i (82 7K 7 2E 4T K145
Ci\Cs\Cs ZH TR T L (2 e M 3 AR 33 RE 0 A6 DU
VERE MUV REAT R 20 5 Co S MEAE b, IR L 4T 2
IHEFEFT I 53 5 Coo MRAE (2N B A T2 7R 40 RE 0 4 I 3T
SE MR VAT I & 2

2 RERANGERENHKENEL

2.1 ZAFH TESHFTYTHHE
YA R R TR A FE ST 20 R4S 80 AFARH

]



543 % 4 W BRI A TEAE N IR R R L A R A R B BT 5 953

L0 BLYI T TS O W AR R SRR BE S RS R S S R L I 3 A 2 H R
GETE RV S TG FUR R T A, USSR
1 XBEERAVEERFTINERERRSRRE

Table 1 Evaluation index system and classification standard of comprehensive seismic damage of highway beam bridge
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Table 2 Measured values and dimensionless processing values of the evaluation indicators of Goushuipo No.1 Bridge

M 18 b5 Cy C, Cs Cy Cs Cs Cr Cs Cy Cio
J2 A 1.5 1.4 —270 1.4 0.05 0.8 1.9 0.65 3.5 0.03
Jo Y1 0.44 0.70 0.23 0.60 0.25 0.23 0.60 0.53 0.35 0.63
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Table 3 Normalization treatment of earthquake damage indexes of the bridge
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Table 4 Relevance of various indicators on

earthquake damage level
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Cs 0.08 —0.08  —0.49 —0.67 —0.71
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Cs 0.18 —0.18  —0.59 —0.71 —0.74
o —0.33 —0.18 0.47 —0.63 —0.38
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