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Abstract: Curved bridges may bear earthquake disasters during service, resulting in structural
damage or even collapse. To evaluate the seismic performance of existing bridges, a seismic per-
formance evaluation method of curved girder bridges based on damage analysis was proposed in
this paper. The finite element model of an old curved girder bridge was established, then based on
the principle of damage analysis, the component damage model which can describe the seismic re-
sponse characteristics of curved girder bridge was proposed. The damage indexes of each compo-
nent of the bridge were calculated by inputting different ground motions into the finite element
model. Combined with the checking coefficient of the old bridge, the whole damage index of the

bridge was inferred from the damage index of each component. The results showed that: (1) Un-
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der different ground motions, the main girder will cause impact damage, the bearings at both

ends of the bridge are prone to shift, and the piers will cause displacements both along the trans-

verse and longitudinal direction of the bridge. (2) The damage degree of main girder, bearing,

bridge pier, and other components caused by different ground motions is quite different; the seis-

mic response of each component will affect the seismic performance of whole bridge, among

which, the pier has the greatest impact, and the pier displacement exceeding the limit value may

lead to collapse; (3) Repeated collision of the main girder will aggravate the damage degree of

bridge, and the bearings at both ends of the bridge are more likely to be damaged under earth-

quake.

Keywords: damage index; damage state; seismic performance; old curved bridge
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Table 1 Damage grade and damage index range of bridge members
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Table 2 Correspondence between damage grade and damage index of bridge structure
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Table 3 Performance parameters of basin rubber bearing
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Fig.3 Schematic diagram of main girder collision corner
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Table 4 Impact compressive stress and compressive strain between main beam and each block

under ground motions of different intensities
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Table S Damage state and division standard of concrete specimen C40
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Table 6 Maximum displacement of bearing in constraint direction under ground motions of different intensities
R K= T A/ mm Anderson i E 3 N % /mm Taft H3Z ) F 7/ mm
G5 100 gal 200 gal 400 gal 100 gal 200 gal 400 gal 100 gal 200 gal 400 gal
1 12.8 29.3 42.9 0.6 3.7 15.8 0.6 8.1 21.9
2 12.7 29.9 43.2 0.5 3.7 15.9 0.6 8.1 21.8
3X 0.4 0.7 15.3 0.4 0.8 1.0 0.3 0.6 0.7
3Y 0.2 0.3 0.6 0.1 0.1 0.2 0.2 0.2 0.3
14X 0.4 0.7 0.9 0.4 0.6 1.1 0.3 0.6 0.8
1Y 0.2 0.3 0.8 0.1 0.2 0.3 0.2 0.2 0.3
5 0.6 0.8 23.8 0.5 0.9 1.3 0.4 0.7 0.9
6 0.5 0.8 1.2 0.5 0.6 2.0 0.4 0.6 0.8
7 4.4 8.5 91.5 0.7 1.0 10.3 0.5 6.1 17.4
8 4.2 8.2 92.7 0.4 0.6 10.6 0.5 6.0 17.4
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Table 7 Damage condition and criterion of restraint direction of basin bearing!'*!
i /mm Om<1 150, <<6 6<<0,,<<20 2038, <240 Om=40
Bk HEA S 4 BN AR JE IR EEEX TN

3.3 HREUIRG SN
MR AE R RS T S R AT 1) A AT i)
KA M 1 A # AT RE S BT LB IR , M BRI

JUEEE 23 X AT SRR R A A R 5 ) B D) I T AT
SRR AR T RS HEAT R RT3 20 A o AN [ 3 72 5l
PRI BT AR 1) S WOATY 16 e K2 A% G 8 il

®8 FREEMBENERTEMEKXLE

Table 8 Maximum displacement of pier top under ground motions of different intensities

M5 M KR s i/ cm Anderson #15 F#/cm Taft HZ D F A/ cm
5 1) 100 gal 200 gal 400 gal 100 gal 200 gal 400 gal 100 gal 200 gal 400 gal

i A 1) 2.23 5.37 / 1.53 3.64 7.1 1.15 2.47 4.39

JGTASE 1] 4.36 7.19 / 0.33 1.19 4.37 0.62 2.78 7.90

) 5 A% 11 2.28 5.14 / 1.55 3.74 7.25 1.17 2.54 4.46

JGASE 173} 4.40 7.21 / 0.28 1.02 4.09 0.62 2.71 7.87

5 AR 117 2.64 8.07 / 1.90 5.89 10.8 1.44 3.7 6.37
JGTASE 1] 8.30 9.7 / 0.71 1.84 5.59 2.64 5.48 11.3

| 5 5% 17 2.62 8.02 / 1.88 5.99 10.7 1.44 3.69 6.32
MG AF [5] 8.30 9.93 / 0.71 1.69 5.57 2.64 5.49 11.3

5 AR 1) 2.93 9.24 / 2.11 7.36 12.7 1.59 4.34 7.80
TG A 1) 8.23 16.5 / 0.47 1.73 5.01 1.18 5.01 15.3

6 T 1] 2.92 9.12 / 2.13 7.42 12.8 1.57 4.29 /
TG A5 i) 6.19 11.2 / 0.54 1.57 5.26 1.22 2.87 /

2 BT 1l 3.19 10.4 / 2.07 7.69 12.5 1.51 4.10 8.50

TG A 1) 5.62 11.3 / 0.41 1.52 4.32 0.67 3.63 9.92

g T 16] 3.22 10.3 / 2.10 7.71 12.5 1.52 4.13 8.47
AT 15) 5.63 11.5 / 0.37 1.58 4.40 0.68 3.57 10.0

H 2% 8 Al 7E = PR [F] R B R S T L 45
e ST 8 A ) R URR 1) 35 77 AR T 60 RS . R
A EAEH T P TR & KA ; Anderson
MR BAE IR L BE AT 0] 32 B8 34 T Ak [l A2 4% 5 10 K
b R B 0 KA TR B B K, Rk
= RN R 2 G RV ALY, e o b I (N -
R B PR B R S5 SRR P RIER T L3 8
~8 & BRI B 20 M 2o T 4% B0 B T00 A R A7

B R SE R s KA TS . B A O BT 02 %
Y e B PR RS O 48 e A S8 e R

4 |HEAZ& BT MR MERETTEM

(2% s B B2 R 80 BE 0 A I o MR (JTG/T
J21-2011) YU, 7 31 580 B f9l TR 5 o A7 3% 205 g 7 3K
AE 7 W BIRDR ZAS47T 73 2800 IR o 107 AR 445 A7 5% 552 B AL N0 4%
ROGIARKR R 2, AT IR . X TR



642 i

T

B R 2021 4F

B - HF R (9168 1 () I 5 225 P8 4 A A 1 1) b 5 55
JE VAR AR e R LB IR B0 S AR I D E 45

gk G MR 2 B RS I B8 B L AR SCAS B Y 4540 1 R 2 K
ERBNER 9 pral,

R9 HREMUERERHZ &

Table 9 Z,value of check coefficient of each bridge component

o 4 B TR 15 A I 5 1 ¥R A3 % WERED  REREZ

B 0.4 0.3 0.3

F 5 2 1 2 1.7 1.165

3 2 - - 1.115

i35 1% 2 1 2 1.7 1.115

2% 2 1 2 1.7 1.115

34 2 1 2 1.7 1.115

14 2 1 2 1.7 1.115

5% 2 1 2 1.7 1.115

6% 2 1 2 1.7 1.115

74 2 1 2 1.7 1.115

8 2 1 2 1.7 1.115
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Table 10 Damage index and corresponding damage state of main girder after modification

Hh % B VEE B 1 J7/MPa N AE Bt 48 8 DM BARAS

100 gal 7.01 1.84¢4 0.048 FEA ST AT

KL E B 200 gal 9.51 2.54e4 0.066 FEA ST
400 gal 24.08 7.38e-4 0.192 B2 MR

100 gal / / 0 FEA ST AT

Anderson Hi 73l 200 gal 2.43 6.17¢-5 0.016 FEASE LT
400 gal 8.14 2.15e-4 0.056 FE AR 5 b

100 gal 1.88 4.76e5 0.012 LA GE Ut

Taft #5% 3l 200 gal 5.92 1.54¢-4 0.040 FEASELT
400 gal 9.28 2.47e-4 0.064 FEA ST
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WY AE R 2 SV T S A SR 4% JORE 9 153 403 B IR 1
DUB T H L BR 5 3 BORE S8 A OR e 2R B 45 O L FL A 4%
YORE 249 e A 7 AN AR LR I ) R AR R L B
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Table 11

AT 458 203K, BB, 7 Anderson
MR ) S Taft RS VE T . &4 U0 B IR 7 8
Wi b 7 5 85 A5 I 4G T 2T 0 EE L BRAE Taft HbR
SRR T 5 # .6 2 Bok: & A4 ™ H R
Hb A IE R 28 B AL R A AN R AR B (R B OR L 34 R
RAE .,
4.2 MRBEEENEEETM

M M B2 4 1 1 A 52005 6 K, 2 IRALE &5 5 50
(4 R 2 B AR 5 1 3 43 AR 0 4 A7 43 7« 4 1 A
0548 B AR Ok S BAR Nk 11 gl

H2R 11 AT 78 R 2 2 A 0T L A e 1Ak
SR 5 Sy L /N R R TR RR G ) R AT B
SEROIR 5 7 IR, KA I W 32 A 80 5 7
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Damage index and corresponding damage state of the whole structure of bridge

5 K KA E Bh Anderson Hi7E 3l Taft # 72 zh
5 1) 100 gal 200 gal 400 gal 100 gal 200 gal 400 gal 100 gal 200 gal 400 gal
LR 0.40 0.66 1.00 0.11 0.38 0.63 0.11 0.25 0.68
RIS PEAERIR R 35 EARGEE BMEEIR PAEROR EASE BRMOOE  CEEK
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TT 245 5 BT 450403 20 A 1 TH it 2 S8 A9 B0 7 8 RE T A
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Anderson 5 Taft M52 sl X} N B /NR 5 EVEH
T AR EE ) 4y AL F 3 A 52 1 5 R R 3R G
R, KBEVER T 4300 B P 450K 5 ™ B B R )
B4,

ST IH 2% BT AT BR T AR BY iy A A [R) 030 3 oy
TIE P b 52 2y o SR A0 45 23 A 05 vk 0 A B 1 4% 32 2 A
8 DL R W B B A 25 0y R AT R PR BEIEA L A3 B 40 T
4510

(1) MM i 2 A 32 5% T A= ilf 45, AR 450
M= A F R S R A R A 2 A A R AR
IO 5 57 T 47 % 19 i ) S B AR R AR L B 5 K AR
RLAS AR 5 B SIS T e R 2 A% ot W BR S A% I, 22 %
A B BRI OR

(2) A TE K He b 52 30 VE F T B IR 72 B2 L 7
Anderson Hi 52 ) fll Taft Hi5E sh/EH T ™ &, F5 5l
Je KRR B KR AE I By 3 kA T B b

(3) H7F R 45 AL O M IR 2 4% 40 1 38 B4 40 i IR 1Y
G5 AT ARG 1 i A 400 3 48 25 X R 25 4 110 22 4
T W o A SO £ R AT 45 4 R 45 0 R R el 28
SOV AR S 2 R R B 0 R B A S A5 3, 5
L SR T O G0 R AN o S OB B Ok A BV 5 L BT B
PR A5 473 R 0 T A7 22 e AR 45 4 ) 00 0 R B LA AR
B R
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