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Abstract: Given that the vulnerability evaluation of bridges is indispensable for traffic hazard as-
sessment, it is of practical significance to study the seismic vulnerability of bridges. Aiming to
improve the accuracy of the current seismic vulnerability analysis methods of bridges, this study
proposes a seismic vulnerability assessment model of reinforced concrete bridges based on fuzzy e-
valuation. The uncertain parameters in the bridge evaluation process are analyzed from the aspects
of the bridge structure level, material level, and boundary layer. Based on the analysis results,
considering that bridge loss is a relatively fuzzy concept, the fuzzy evaluation method in fuzzy
mathematics is introduced to evaluate the seismic vulnerability of bridges. The damage analysis of
bridge supports under displacement, the damage analysis of piers under energy, and the overall

damage analysis of bridge structures under a certain period are combined. Then a multi-level fuzzy
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vulnerability assessment model is constructed. The experimental results show that in the longitu-

dinal direction, only slight damage occurs, and the probability of slight damage in this direction is

small. In the transverse direction, the probability of slight damage is higher, and moderate dam-

age may even occur. Under earthquake action, the bridge damage is mainly slight failure and

moderate failure, and the probability of serious damage is very small.
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Table 1 Uncertainty parameter distribution of bridge

structure level
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Table 2 Uncertainty parameter distribution of material layer
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Table 3 Uncertainty parameter distribution at the
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Al 5 TR R BEALAE 4 e
B & 9 3 bl R R 2 HE ) P /kN ¥
W 6 0l 3 U1 e W B K pasive/ (KN/m) 5
B & L3 A B B K active/ (KN/m) 5
45 B 55 D) 49 755 9 J e e L fw/MPa X EUE RS
41 5 9 499 A5 A PR 5 Yu/MPa X HIE 25

P2 8] /Y 1) Bt 0/cm ¥4

il 48 A 28 W 2 K o/ (kN/m) X BE 25
FEBA + o3 B SRR o bR e, B2 B &
AL o3 40405 R B A A 2 S M L AR AIE AN [ O 9
B S 20 4000 HEAT VP4l BT 19 25 R A fE 22 R,
W 2 3 B 5 Ak BRBOR P 5 255 PR ROR LU B 1Y)
Mg 5Tk, BTIL.A5G 11 R E R R 70
S5 7 1 AR BIORI SR JR A A LA S AT G AR A 45
H IR IR 5 AB R Ir kb g G e R 2
6 b AR 451 001 5 G 22 0] O 2%, AL 2 B2 22 T A M)
Dy WA PEAG AL,

T B 13 TR 5 A7 B 22 ST RO 451 403 ) 18 B3R A
KR V=_{v, oo, | IBEP B TR B =0, /v,
Fee b, /o, P IR o, RBHGRERFI 0,
REBOFEH v, W B RIBE., ZZEHE S MEFER
Pt MBI 05 AR SRR A vV = (A 4F,
B, A B B R . BRI
BB 0 0 i Rk XN B = (b0, ). BOEAT
TEm AL E R EFRR IR U = {u, .
w, b B R RIS R B XN U = AR 8 5
SIREA D AR R SO R b, BE T IR B ) i A =
{ay,va, ) GEFZHENR w, G =1, .m) &
XF Al S 9 A2 1Y 52 W RN B, A TR ULV
BOWIC & 174G B

F MR A5 DEAG TR 3w, X 45 A4S 0403 25 s
Ja B R A VRS 5 03 9 S T SR G R P 1)

o =lraserg et Js By =y (u) s iR
BRI TR R w, 55V ISR, £ EE
w; (0 =1,2,3) XV BB SCIB M 0] B 45 5 BE A2 14 7L
RROM) 5 2R A B, DU A5
r Yoot T,
R=4:}=]|": : : @b
r. For o o |
CEA N R IEAG SR - L RERE A RPE A 45 R
B’ ' =A XR.0.

{/71 ,"',b“} — {al ’...,am} X
(2)

FRTEEN B = by, b, b BRI R SR 0B
BT HRE A = {a, s va,, ) BENER XA A R & 3 E
AL R, A TP TT R BINALE 1. 5] ABOH
BB M (o, +) FFREH,

TEPEAG L R b, SRR B s U IE S AL, TR R A
K () =e ) HRME 1 RERS ST T 515
) i 2

(1) W PEAL 3R 5 B 0E A0 45 I8 4 5 s
R

(2) HARMFREA LRE T RS B R
A FRR AT 1

(3) rrfa) P20 Y 1 (8 SR R U 0.5,

L5575 R R P A A B A R A
FREE LT 2 W A0, OB T 5K A7 TR 05 1 M S H 7
405 5 RN e 1 T MR B RR A5 8 L S RS T b
FEABLATIHE B 5 Me PR] ZEASRYY 1] A BAN G R AL AL

ARIBCER 53 03 VP AG 142 )5, Be 6% 43 A1 1 2 b 7
A0 R SR B A 4R S /N . LA R R
BT R H I 5 AR U B2 & B 48 5, ki
68 22 P R X R R R B AT AR LSRN
PR B FHPPAS 7 45 4 A SR8 R AL,
R A AT 349 325 340 5 W 2 1) 255 B 0 48 8K

Z)beD/,
=1

>0
Horp . D7 AR BB B0 46 BOPk REXS S 7 @ it
Pirfr e e

MR E R T35 0 B 495 TR 5 B R L RR 5
LR DA T R A AR A

(L) i 2 7 8 i R B 482 (i 3 V = (o s e

D/

3

8



542 % 4 6

T BT A TR O - A O b T 5 5 R 13 1405

v, b AR RIEA W05 55 2, wH0h 5808+ 4
FHRE BB 1 A B = (b1 v 0b, ) s

) WERZL U = {u,, o ou, b WL
SEMF AR5 TR R L I 45 0 X S B [l e A = {ay oo s
a, ) P EREE SO AN BB AR o e A

(3) I h I Bt B2 437 ik b &85 ¥ o2 o7 a0 A5 315
5 3045 A0 005 P2 B0 9] An AT G S A B 0 48 45

(4) XF SR Jm BRB gy () DEATIHEA IR AR O S
R A A ASTR DG I P I R

(5) BB i EE B =A X R;

(6) XA REE L5 G B P8 8 D, AT 5
HRAE D', 5 P 1l 25 1 25 4 SR 40 40 45 9, o2 Il 25
B EPRAY

WG 1 R AR 450 005 PPl 125, BB 6% 4 2 B K AR A
TREE W 2 b 5% T 5493 48 250, A% O 3k 1% AR TR st
HEATGEI, I A AR S 1S BIRR R bR N 5 M T AL 1
2 b R A T M R 25 4 s o 3o s E AR 5 RS
1M1 78 SL I M 32 AR 3 BB 70 A (R %

/ / 6/(‘
P [:P (6,

b8 AR AR R RS 507 G ZE R 1 oK
878 H IR MK B IE 25 40 L 4245 5 B B L R 2 245 4
G RORME P AN

g 1@/ -

f [Jﬁ’iﬂ?’ﬁ ]

S e 8 R R AR ) 1 Y (56 £ 5 B 12 i
R K B T3 18+ @ P e — A 9 TF 25401 bR 8K 5
B ARFETR AR J 1B M 22 17 A8 32 W 1 7 SR A0 B
9. SRR M 2 5 F0 M 0 T W (k4
fE B s IR 4/B7T F B7F BUE N 0.5,

| 3000 I 3000
I T

<@ (0

AR TR M 722 2y 4t il 2 45 2R o0 W A R 45 A
TE MR FI T B B A 45 B 1 B0 [3] I AR 5 2 2% SRk
CILJFNE (5D 23 BT R A58 473 45 AV D B R 25 i MLl
27 H A5 SRR XA BB BRGS0 g BEAS SE 4
B OIR | b A BIR ™ IR PN 58 42 AR A A
G, LE LR AT BN RE 0 = B Ik 2L DL S
T 7917 R R - M A% Ml 5 o PP A

2 XBEREHLHHN

g B IE B TSR RE B A AT TR R LA R R B
PR DA AR T FEE  JEAT — AR G S5 . A H]
Open SEES (Open System for Earthquake Engi-
neering Simulation) ¥ 4 455 UL AT 32 45 ¥ (19 Hb 52
I o i I ) A A R O A A S e BT - T I
1R, BARTEBL N 5 A R BB AE 120 m AL
NERSE I3 O 4 A DX, A X8R 30 m, #FSE L3
6 238 MY TED , BN A O B AR 19 mo N BV R T B
JESE Ty 43 m, Horp g & b a) X8k 5 me 58 Y e B
gl . PR GR VRN A v B 2k B BN L DY 3k
hk b NS i AR T3 BN ) 1.5 06 A B B, B
TRBE B 200, PO KB B R 5 morh gy
B £ AT, A ST 5 v JBCB0 i 9 52 A S B 4010 A 2 i
frwor, H AR g mE 1 s, & L4
My G BN S TR, Loy R SR T 5L, H Ak
H 5 I IF HE AR BB R C40 R T AR 4
) Ay G AR, B A B = A R R A .,
PHEAEN L4 m EHREIE N 2 m X 1.6 m A,
FERRE A C30, A7 Bl BE 10 mo, BF 65 1R AE S 4%
WA S E N 9.7 m, JFRES BEON 2 mu M AR T
7o B AN A IR BE LAk H BE 31.5 mL IR 8.5 m.

3000 L 3000 N

1900

150 150

(b) B 5
H1 HREMERAEE ARG HE

Fig.1 Overall layout and cross section of bridge structure
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Table 4 Statistics of failure probability under different earthquake action
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