f 20 50 2

TR 5 i TR AR Vol. 20 No. 2
2022 4F 4

Journal of Water Resources and Architectural Engineering Apr. ,2022

i

DOI:10.3969/j. issn. 1672 —1144.2022.02. 012

T IDA pyiERE &M E S RIE DT

o oF xR RE
(1A JLRRUK A2 KRR, TR KB 450046
2. B K VSR RIE BTS00, TR M 450004)

R VAR N RO SO S AR FL SR A PR A R . AT U B — 4
P LR D R PP B S5 A R SRR D) ik, AR AR & S Al R IO BLRR B J7 o T SE M 454 2R
LR DA, L — i = S B ) S SR A WIS X R, 26T OpenSEES ¥ 5 #5717 A FRITS 173
BRI SR R 5 2l 0 70 B (IDA) T 1A St SR A A SRR S A8 L B 5 4k 3R Y 308 i S e =i
R PE B 1) ML 32 5 B 5 SR, 20 o id — B S BIRVE R — i S s, a7, 1 A 45 ) R G = ) A
2k, AT TR o S5 AR, R RTT , PR A O AR AR e S e 15 2R DU 9 T Al S e A EE AR
SRR 5 S FE AU 5 LR ES R 9 R e S A0 R T B — A PR 0 ) 1 5 — 9 B BRI A 25 4 2R BB 2R X )
PR — B SR T B2 8] A H— B AR SR T i SRk A ST R 8 b Al e A VA A 45

MIPUEPERE T A 2,
KR VA MRS B AR FEBRAG T 5 3G 8 1 4 ik (TDA)
hESEE. TV3I2 XHkFRIAEG : A NXERE. 1672—1144(2022)02—0078—06

Seismic Fragility Analysis of Aqueduct Structure Based on IDA Method

MA Ying', LIU Zhongshan' , ZHANG Tianyu®
(1. School of Water Conservancy, North China University of Water Resources and Electric Power, Zhengzhou, He’ nan 450046, China;
2. Yellow River Water Resources Protection Institution, Zhengzhou, He’ nan 450004, China)

Abstract: The aqueduct structure is a structural system composed of the aqueduct body, piers and bearing. Under
earthquake action, evaluating the system seismic fragility of the aqueduct structure only by the seismic fragility of a sin-
gle component will overestimate the seismic capability of the aqueduct. In order to analyze the systematic seismic fragil-
ity of aqueduct structure, a three-span equidistance simply supported beam aqueduct was taken as the research object
and a finite element dynamic analysis model has been established based on OpenSEES platform. The transverse seismic
fragility of pier, plate rubber bearing at cover beam and PTFE slide bearing at abutment has been calculated by incre-
mental dynamic analysis (IDA). Then, the seismic fragility curves of aqueduct structure system are established by the
first-order and second-order boundary methods respectively, and are compared and analyzed. The results show that the
rubber plate bearing and PTFE slide bearing of aqueduct structure are more likely to be damaged than the pier under
earthquake action. The system fragility of aqueduct structure is greater than that of single component. The structural
failure probability intervals obtained by the second-order boundary method are between the upper and lower bounds of
the first-order boundary method. Compared with the first-order boundary method, the system fragility curve established
by the second-order boundary method is more reasonable to evaluate the seismic performance of aqueduct structures.
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%5 HH9.2021-11-19 &7 HE7:2021-12-23

ESUWB: HEX AR EHEEFFEDH (51408223 ) ; [H K A AR 5 & M LT H (52008186 ) ; 7 B 44 = 5 0F & 5 #f ) % i
(212102310935 ) 5 JaJ {44 o 25 27 A0 E SRR H 113 (22A560003 )

EEEN: S F(1982—) , 2, [t Bl , FENFOK L MRS TEPUEMR L/E. E-mail: mayingl23@ ncwu. edu. cn



52

Ly B, 5 BT IDA AR SR R B 10 O A 79

PEREVE Ry — PP B K AR , 7E R TR K
FIRAZS A A a8 A HE T HEAE . R
YERTR , R & A A s oA mT e 2 Bk vk it
HRT, 25 T 2R3 T A P R 2 B 0 2R A A TR AN
TR HRE S Kk X PR P UR M REMFIE , W U=
B FIRG IR SR e EA EEE X Ry
T AT KSR 11 #8007 7 R XU DA , PT A A
LERTE G 7 MR Bl R B TR AR A ) 2 B A A 1) Rl g
P R RS R, BRTE 4 12
B TR TR BT ERE A iR

T 235 ) 2 o S B | RSSO S A S R AL R
G RGNS R — R R B RS S
TR SEH) RGBT R R RE . 3k T 1% ¢ nl 58 1 B
B R GG BNE T, A O AE T 2 4 br i IE 25
O3 RRERR SR A, >R L B0 1 T 1R T DA SR A543
i BREAAE TR, (0 T R 5 2 1 S Z 5 R 46
HERAGHE . Cornell ™ 42 H iy — B FLBR A5 1 AT
DL 3 A S5 R O R R B A 5 R (2%
J7ETCHEZ JEA R R 2 [0 A B R, S EUA R
B 95 HAR 28K . Hunter!” 32 1A — I SRR V2%
J& T AR Z 18] B A e, et T — B AL RR R Y
A AT LS AR A A2 B Al A1 X 8], Nielson™* 2
BT R T SRR IS B0 R G5 B i
W AL TR R AR TR R k. H
T, 0 TP R 45 44 2R 50 0 MU S PR 20, 2R TR
B AL 5 Copula BRECEE J5 35 , AT B4y 24 E AL
TR 1 BT BB 2540 R G R 2 ik . 5Kkt
T B X 0 A5 TR B R B AT 52 B PR 4
BT, FAE I Al X A UEAT T B A AT R B B A
R A 5] A Copula BRI &
TR ZEAL (R AR P, I3 T HE SR FOAR B =2 )8 1)
SRR 2R EE ST T R R G N WA A R G 5
PEHIZE . Cheng 251" e 25 iy A1 1 RG e 2 36 9 ol
PR Al MR 5 10, SR ) S R ok S T PR 4
) R G H e

AW PA— A = 175 45 B f) < G A A AF 5 X
%, 3T OpenSEES -5 #E Ny | I8 A% £ AE A AY 3 1
WA 1Bk (IDA) TF 5 T A8, 35 2 Akt XA
152 7 R IS 5 A 588 W W iz R = FefrAy 2 e A )
=y 1Pk, Bl axd — By A PRk 0 — i B FR 7 %)
PERESAR VLT R G5 B o b, FEXT R4S SR AT
T AT o

1 M Byt iid

L1 #H5inE
RS LSRG ) 30752 5 A MR 415 20 18 1) L 2l i JBE

R R IR B BB EE A BE T AMER . X T
A, AR TIRZS T B3R S 45k T LA g
P, = P[S/S. = 1] (1)
S, FORHIETT K 5 S, FREHTE
BT IDA A PERE L5 1 5= 5 L 2 A, LA
DRRANR 1 e S PR A BT, iy T
SEJT AR (LHS) A7 2 AP REAS, S8 5 eI 16
W B % , 0 5 375 038 S 46 b I X st 75 2l it
AT R R I 1) 3t 52 SR AR 5 PR A A BE AL 2
B BEAT B T IR 23 B , AR M 0 10 45 2R 45 4
FEBR , T L E 1 Zp 101 BRSO N7 S R 1 4 b 7
HritEMZe .
TR AE ST R4 A TR (B BT 3 ) 45 il
LA ABOE M, G Bk k=o'

Il =2y _pdy  (2)
g g

K () AIRMEIES S BREG A B o 50 31 3R0R
In(S,/S.) BI¥MEFIbRMEZE , HFGEUTF -
A =a[In(IM)]* + bln(IM) + ¢ (3)

o =./S/(N-2) (4)

Ao IM bR B BE AR AR 0 b ¢ Ry EIH A 2
B3 S, BRI R 257 7 Fl s N S B HUR U .
1.2 R&ESHHE

VEREAE R 52 AR A5 2R 40, 0 SRl B R BIORN 2
JiE S A GER oy iR T AR — AR Pl fig
ANV FR FE IR N2 SR A A R 22 TR A FLEG 2R
TN TG 3 PPV R ARl e (S 1) b 7% o 400k o TR I A
PR R G 5 MR 43 T A S5 A AN [F) b A2 Bl
JET ITREVERE AW T I T AT SE B RIS, o TR
RGATA IR
1.2.1  —HRrx

— B AR LR RO E I A R
BRI 2 RO 28 o R T I A AR I AR Y, LAk o X [R]
HH

I?EIIX[PJ sP, ,s<1- H[l -P;] (5)

PP, FOR PR EE R 2R @ A PR R R Y HE
P RIS PEREEEH RGN R M A n RoR M 1
SR
1.2.2  —HRrix

Xt TS PR A SR I, — B ARG T A
AT 25 FERA P Z 8] R AR S HL B BR aed 58 1T Ik 1
A TRER SR, 0 B B BRIEAR b i Bk 173X — [l
BRI ) AT 2R R

Py =1 -



80 IR R TR

%20 &

P+ Y max(P, - Y P, 0)< P,
e (6)
< ZPi - 25 r?ix(PU)
Py D PR 25 e v SRS 1 R AR R MR
P, RN ERESE e | MR AR IR R (P
BROM) s Py FR 55 i ADNFNES j PRI & AR Y
WA s n ORI B
RV 7L AT 5 RS0 A1, DA A 4 )
RGP, = P(F, N F,) AlFRA O(=-B;, - B;,
p) T YIRS BRI, W] L) B e (B AR )
HEFTSR At , A T AR 498 A 5 SCHR A 3 0L 2 X473
SEMFFERRIN R [ 0 G HEB S Xk T o
FRIZIT R T RS WAEA B, 24 P, % 1R
WK/ HES S, AT LAAS SRR X BEAR Y 2 DX [R]

2 PRSI

2.1 BRTERFESL

VEHURG /K AU R Hp £ TR = B 1 S R R A A
RFFERT G o PR LIRSS O B 28 m (AR IR
B, R ARAE R R P OSURE R I, 55 FR AR B AL iy H
RUHESREE ) FEBORR A B A% 0. 8 m (R AR AT,
FESIURCTR 5 L [ 2, 35 72 A M e S e,
5 4 S AR SR FH SR VO R Al S VR P B T AR A
AIGNE 1(a) fis.

VRS B R CSO JREE L, i EAE Ay 3.45 x 10°
MPa; HEZE R C30 JREE L, RN 3.00 x 10°
MPa; 54773528 Fl HPB300 47 , LA Ry 2.1 x 10°
MPa,

A IRICEN 143 i UL T OpenSEES HHCF- &5
ST X TR SR PR A, T R S S R
RE 1 50 ) 2 R R AR 1 22 AP RURE SCHEZR AR Sy
FEEE B0 N ERLEA , 7R A FH T A R i =
GYFRPEDS 1 HOR P AR LR M R R B TR UL R, LA
2 R A PR IR o VR A A R A AR AR 4
1(b) R, fESOREE R 2 T& IE Kent — Park
R Coneret02 44}, FE BN i K FH 3L T Menegot-
to — Pinto FRY 1) Steel02 A4}, FEIH 1) £F 2 A AT 40
RSP ZFIAZ A XA TR 43, 48 e A0 TR BE - Y
PO B DABEHOL A3 19 4 FH 5 M 2R e = A SR FH 2
TARMAIY B ZK B L e, 5 U 3 M S R 4
LR AR TR 25 18 >R F PHARL 980 090 1 S A B T L
HESRAR | 55 08 Nl B 35 R T ik 2 A B os A
RGP BTTKIR N 2. 21 m, 1l Py 7K 4R FH B fin o &
B AR

28 m , 28 m | 28m
T T

i Z

10.4m
10.4m

() B fe v ST B R

F ¥ o o
(% IFK ent-Park
X X {¢ iFKent-Par Menegotto-Pinto
& &
WA S IRE 2R DY R AR S s L LN
(b) AH £ 7Y

Bl EEEARTINSTEE

2.2 HHMBPABEN

YRR 5 ) (0 A 5 P R A R~ b el 2
BOATRAN AT 18, ASTIFSE 2% R I S5 H A
SR AT PR B TR L T A AR
FEBLAR AP 2 IR B AR R 454 B L, B %
SASHATEIERME Ik 1 PR, @i T
A ST ARE ST 10 ANEREREAS , LI TE S5 IS 5
ARHE N

F1 BEIHEMSEREST

R+ N Bk [FSial=
S8 Gilcs HiZ B JELE FHJE H
/(kN+m™3) /mm /m /m
A 25 16 0.8 0.03 0.05
AR ZEF 0.100 0.035 0.050 0.050 0.280

oA IS RSO AN RS RS A

2.3 MEZHEIEER

W= G AR I 0 M it BB 6 50 1) = 0 LA
BRSNS T, H T IDA IS5 R 5
PEoM T, PR 10 ~20 Z53 R B0 SR8 Al s 5 — 52 19
REREN o BEREENF1 4301 (IDA) (19 BE AR 32
RS SRR R B 5 1 R L, T A5 2 2548 7E AN [F)
R 3R T g R

P TREHAL 23, prm e 2 R VIEE
PO AR MR B 0. 1g, LLOK TSPt
RV bR i) ! (GB 512472018 ) i iy 8 1 I 1
TN HARE , N PEER 35 52800 e e L 20 R
MRSl , Pk MR A ORI (S L BT
BN B 1 DL AN 2 B 7 o 38 BBl T 0 (A 3
JE (PGA) VRO MR Bl st FEH3 A5, LA 0. 1g K, H5
20 ZRMRSNIC RS — P IHE 0. 1g ~ 1. 0g, Ll 57
200 ZRHFRBIREAS . H AT, X T M A SRR M R
PO TPF 9 5 T A i AR i Ay i Ak



52 Ly B, 5 BT IDA AR SR R B 10 O A 81

WIFE R K- Ml 5= Sh W 5 R 2 R B 16 1) 72 5

itk

L 21V
4t — o
- - = Tl RN

LyIIBCE S NEY
o

i

SN

0.0 0.5 1.0 1.5 2.0 2.5 3.0
J& WY/s

B2 RIEEBSER

2.4 RBIBIRHIE X

MR AT, PR AR 5 R B R R o3 D B i
7NN T8 N N3 N | oy 7 N L R i
AN FRG 1 RE SCAS 35 AL 5 46 B , X5 BTl AN )
POTIRAS T S AG P I5E 5 0 O H S, I,
P AR N AZ L RE S broxt T EAT AN ) B 5 LU RO ATR L
FA B —EObE % A] LR O AT b S S
FERSIE R J) o PRI Ik a2 RO TS % A1 A Dy 460 405 9
i, BARE SCINF

A
5:f (7)

A A NERREAS s L s o

S ORI ™ A WU B 8y B B, AR A
BIOREAS T B 0 1 o P TSR ) 315 R Tl 45
PARZS T AL RS 1 ) FEBRAE

PR SEA ) SO R B T SOR_EARRES A 91
F XTSI AN]SR P 45 A 48
BAE T 3 e BT Y)RAE Y R S R
AR g MR I S R SR L 9 P R S R P 45 4 4
b, RS RO 2.

K2 BORERRGIER

R BMBON SR CEBIR EemR
L 5 0.0089  0.0142  0.0252  0.0454
MR AR /P 100 150 200 250
R VYR AR SBE w/m - 0.09 0.15 0.20 0.30

3 W ARG LR

3.1 HSmElE

K PRI 5 1 200 4% A= P REAS FN 10 A4 I il
FEARFEHLIC FC 847 35 £ P st A 20 M7, 75 39) 90 4 45 4
TR HE T SR S50, DLSE R RR S A 6, #40E =X
(3) , FEFH R R 525 A8 1 10 Lo, B oK B
(8,78, ) 5 178 h S HGIEA TR A 437, 15 21400
BERBUS bR EZ AN 3 FR, KB4 R A R
(2) 7T LASR A5 45 A8 44 A () 458 47 bR 285 B 1) 2 A
R RN B REAL (b 2 S v £ LR 3

®3 FRENEXNYEEFSHER

Ff A AL i
il A = 0.0109In(PGA)? +1.7319In(PGA) +0.1449 0.7033
fr%{;g@ X ==0.1586In(PGA)2 +0.2539In( PGA) +0. 1478 0.2559
g&ﬁﬁ A =—0.0025In(PGA)2 + 1. 1519In(PGA) +0.7720 0.4963

b

0 0.0 02 04 06 08

0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.6 0.8 0
V& {F 3% PG A/g U {8 JINJE JEPGA /g U {8 Jin R JEPGA/g
(a) (b) 45 2 A% 5 e (c) 2R Y o B e

B3 EEAESHRIEmL

Hi&l 3 AT, B PGA fRHE R, AN )48 1 1y 2%
WAL Z L. 25 PGA <0. 1g I A A
AN AR WA I S AR R 2R I S T A S e U e

A REAL T oe by AR AR IR AR A, BEAS T L HURR BT
R M PGA T 0. 1g ~0. 2¢ Z[AJBF, P A 3 A
J R AR A R R TV SR T, HBEA AN 22 B AR 5



82 IR R TR

%20 &

MR, 4 PCGA >0.2g I, =Rl P11 AT BE A A
IR BE AR o [ 4 = i B2 5 PR BE K-, P Rl
SR HC RS 25 2 e A R, A R BRI P 2 IR
PIRRARZS T, S22 A0 A AR SR 1) By 45 1k K 14
40 TR DU SRR A S , A B AN SE IR T,
V0SB T Al S AR SR A AG I S e B ) e FE i

1.0 PO AR 0008 35500

0.8
o 0.6
z —A— i A
5 ﬂ——MT%
K 0.4F —-— A
—o— f# I
0.2 —o— AR R S s
—a— SR PU A AR S PR
OO‘ A ) 1 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0
Ui i BEPGA/g
(a) B 1A A
1.0
0.8
3¢ 0-6 5
= oal A L
= -~ R
- [ bR
—— B RS
0.2 —o— 13
—o— W R 3 e
—— DU U B PE
0.00-0-0=0 O 1 1 1 J
0.0 0.2 0.4 0.6 0.8 1.0
U (N BEPG A/g
(o) ™ E IR

3.2 R HiRtEHL

AT FEABR BN 25 F AT £ R AT, ARl DA
ZER BRIy Ak B2 i — B R RIS L B
FBRIERT PR AR AT R G AL, FF A4 1
AV I 2 F0 2R 58 5 40 P 2 [R] — B R AT L
B, A RANE 4 Fs o

1.0
0.8
%067
=
- -
K04 —-— :Kj’:‘J:??
—— NS
02 —o— AR K S
—a— DU U AR P
0.0% 2 L L L
0.0 0.2 0.4 0.6 0.8 1.0
UL IO BEPGA/g
(b) " &5 IR
LOF —a —fp L5
v~ AR
—=— T B
08F —— _IMF A
—o— fHi 1 _
—— gﬁ%ﬂi
061 —— R U
K 04F
02
0.09% :és’ Q L L |
0.0 0.2 0.4 0.6 0.8 1.0
U i 3 BEPGA/g
(d) 58 4R

B4 EERGSRMEHE

i &l 4 ATHT, 24 PGA = 0. 2g B, PURR 1 5 4R 25
T U R A A R 1 R KR SO R 43 1 o 83. 0%
26.5% 8.4% 1.4% , 5 —M AL TFAES, L
B S B 3 T 5% I A O A HE 8 (87. 9% ,36. 7%
11.0% \1.8% ) #4718 X U1, YA 25 ¥4 2R GoAH HL o
— R S R A 5o FR AT X6 T R
W& Z N R 22550 R G, AU A 14 1 2%
RO VAL A R AR PURMERE A G Y

X EEAN R A BRAG A AL M RS S itk 26
ATDLR I, JE T — B SRR A 153 45 45 20 1) 2 3 g
X E) AL TE , FCR L R ECT FORTEAL R R R
(1) 1752 T 1k 2 AU Aty 5 v 1 VR R 85 4 i B 2 P g
MELATR] I TR AT 5L W T TR . 5
TR SRR R B 5 FE R IR S T Y
BT —Br AL TR X [a) py , He B A R 2247 5]
F0.3% 1.4% 1.8% 2.0% 3% 38 — B FLFR =11

LRI, TS 10 K ORI ]
4 8 ®

ABIRGE LA — 38 = 125 25 I f] S R X D 51,
T OpenSEES -5 i 57 1 A £ 4E A, i i IDA
VRIS T JEREES K BOAG 1 2 451k il 46, G ad — B 3¢
FRVE AN i SR B A7 1 R A A Y 2R 58 5 B 1
4RI R

(1) [FSEHR=shsR I, o SR A M AR i S e
TRV 5 A0 3R DU S T A S8 114 O R0 3R 40 e T O35
RS 2R G A 5 o AT — S M AR
T 3072 5y R PRl RS 4544 AR G i By ot 1k
JEANEHAY

(2) — B SRR s H fag 2 HL N 5 i, {H T 45
DX 1] 5 B A R, ANIE FH TS PR AR 1 — i B BRI )
PSR AR R BEAEL (9 7% DX 8], B3 5 M A5 4 1) R 48



52 Ly B, 5 BT IDA AR SR R B 10 O A 83

VRN

(3) ARBFFULE I T M, 3 TR A AR AR 52
JRE S 15 Ak R DU SR B S =R 1 ot R 2 ) AR
GLHL R Sy AR AR, SR TR vh A 25 B O &
7%, AL R 6, (koK AR AT RE A AR 1 0 9 H
1, A H R AR oy B ER IR T, i A o ik — 25
IS

B2k

[1] LiuCQ, Fang D J, Zhao L. J. Reflection on earthquake
damage of buildings in 2015 Nepal earthquake and seis-
mic measures for post-earthquake reconstruction [ J].
Structures ,2021,30 ;647-658.

(2] WWE,4 W, Tk BL LT HRER E S - L R
GRS ET ] TAES)°%,2008,25(12) :86-91.

(3] W52, i mE, X R4 kTP 037 7% 1 L 300 72 B
PAPELT]. WL R 22 4 (L2 R , 2013 (10) - 1839-
1845.

(4] FE5¥ X0, T K, 55 JE TSI 1 L 7 300 %
ST ()] e TR ,2013,35(5) :814-819.

[5] Hohenbichler M, Rackwitz R. First-order concepts in
system reliability [ J]. Structural Safety, 1983,1(3):
177-188.

[6] Cornell C A. Bounds on the reliability of structural sys-
tems[ J]. Journal of the Structural Division, 1967, 93
(1) :171-200.

[7] Hunter D. An upper bound for the probability of a union
[J]. Journal of Applied Probability, 1976,13(3) :597-
603.

[8] Nielson B G. Analytical fragility curves for highway
bridges in moderate seismic zones[ D]. Atlanta; Georgia
Institute of Technology, 2005.

(91 k1o JERE RS A=A 0 5 KU AN [ D] £
JE LA R, 2009.

[10]  skaf, ok o, 5K, 45, JEF Copula pRECHYERE
it R 3 Zy WAE AT LI 1. dk 3h. K 5 2
2019,39(6) :1277-1283,1364.

[11] Cheng G, Zhang Y, Huang J, et al. Vulnerability anal-
ysis of aqueduct structure based on boundary method
[ C]//1I0P Conference Series: Earth and Environmental
Science. IOP Publishing, 2020, 567(1) ;:012036.

[12] Pan Y, Agrawal A K, Ghosn M. Seismic fragility of
continuous steel highway bridges in New York state[ J].
Journal of Bridge Engineering, 2007,12(6) :689-699.

(13] ZRH 8 52, EARTE AR 1= 5 L5
BERERVELT]. TR J1%%,2018,35(9) : 1-16.

[14] Nowak A S, Collins K R. Reliability of Structures| M ].
Boston: McGraw-Hill Book Company, 2000.

[1S] sRAboR, i 25, F g smaRfE TR R U
RUPERS A IR A0 A [0 ] DU TR 7 4 ( AR A

[16]

[17]

[18]

[19]

(20]

(21]

[22]

(23]

(24]

(25]

[26]

[27]

(28]

[29]

(30]

(31]

[32]

M) ,2013,45(1) .3743.

a0 EE FERICR, B RIGE AR UR
PEREDTFTRE IR PR T ] A [ 2 B 274, 2021 ,34(2)
134-154.

I/ IR KA T OURE I A 45 ) b 7 S N A
FE[D]. 220 22 MACE K%, 2014,

IO 75 BB AN 5 P A A A R B A SR M AR ) 4
PERFSELD ] Kb Wi K2 ,2016.

Shome N, Cornell C A. Probabilistic seismic demand
analysis of nonlinear structures| R]. Report No. RMS -
35, RMS Program. Stanford University, Stanford, CA,
1999.

T HY 0 B W e i )2 A R S ) A T
PR G A A [T ] W R AR R oo 4, 2021
42(7) :1063-1069.

XU , e, b K. BT 1 il g 73 B (IDA) 7
RS AR G PR MERE 20 BT [T ] &5 (rhg
) ,2019,34(8) :37-40,45.

K TSP BT hr e GB 51247—2018[ S ].
A E TR H A, 2018.

FIBAE, K e EREHUR A T R S
[J]. K HBEVRARL 2013 ,31(11) :136-139.
BN, W 0, W S, S AR TN Y R AR I
FE T R IR AT ZEWFFE LT ] KA 5 s AR
4%,2019,17(2) :124-129.

TREEE , EER % A5, 55 HRRAR T DURE A 1
T B F il o M [0 ). KA 5 8 5 TR 2 4l
2020,18(6) ;7-14.

HAZUS-MH2. 1. Multi-hazard Loss Estimation Method-
ology: Earthquake Model HAZUS — MH2. 1 Technical
Manual [ M ]. Washington D C: Federal Emergeroy
Management Agercy, 2012.7-8.

B B INAE, ERTE, A ST ARTERE ) B R
BE A2 R T REPEOY [T ). R is, 201444
(6) :57-62.

5 B, EARTE, i@, 4. BT Bayesian BIE A
SUBIAINAIR BE LA T B MR AR [T ). TR
#,2019,36(7) :216-226.

KA. T T BRSO A 0 DU 2 7 AT ) 34 72 5 i
PEHT D] bt [R5 K2, 2006.

B, EEH, 5 IR, JETRER I ETE RC Brigit:
REFEAR AL A0 AT [T ] 7R 5 #3024k, 2016, 14
(2) :202-206.

Zhang J, Huo Y. Evaluating effectiveness and optimum
design of isolation devices for highway bridges using the
fragility function method [ J]. Engineering Structures,
2009,31(8) :1648-1660.

AEar U, SOOI, BAEM, S5, HURME TR AR B AR
RCEZRIF AR S MMEN T[] EAR TR,
2012,45(10) :152-160.



