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Abstract: Based on the risk theory, a probabilistic method for considering the failure risk assessment
of masonry structures under flood and earthquake is proposed. According to the performance require-
ments of the building structure in villages and towns under the action of disasters, the performance in-
dex of the structure is quantified, and the structural vulnerability of the building structure in villages
and towns under the combined action of flood scouring and earthquake is analyzed. Considering scour-
ing hazard, earthquake hazard and structural fragility, the probability of exceedance of the structure un-
der different failure states is obtained by integrating of the fragility function and the joint disaster proba-
bility density function in the disaster domain. Furthermore, the loss ratio and the cumulative failure

probability of the structure are introduced to obtain the reliability index under the full operation state.
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Finally, structural assessment is performed in comparison with target reliability indicators. The exam-

ple illustrates the establishment process of the method. The results show that the scouring has little ef-

fect on the fragility of structural minor damage and moderate damage, and has a great influence on the

severe damage and collapse. The flood scouring has a great influence on the seismic performance of

structures. When considering the combined effect of flood scouring and earthquake, compared with

single earthquake effect, the failure probability in each failure state of the structure greatly increases,

and as the degree of damage increasing, the impact of scouring on the probability of structural failure is

getting bigger and bigger.

Keywords: scouring; earthquake; multiple disasters; reliability index; risk assessment

5l

[l

VAR, K R A R AR A BRI R K .
P Ge T AR D KRN MR ¢ i A A 28 B 40k
5 J2 15 35 B0 88 T T A A AR U A AR R 1 —
P b fE TR E P R X KR R K E A A+
Sy, H T AR MR R AT W 2R kR
Ko i, 20084E 5 A 12 H I & 42 8.0 7% , 1
B 69 227 N e, A TR 8 452.1544.7T ; Al 4F
9H 22 H , U4 FHE KRB, 51 &HLHK 235
J&= IR 42 000 4% (6], {5135 J7 &= 16 000 4% 6], HL 2 4
TE e 15.86 420, 20134F 4 H 20 H U1 45 #E % Tl
FULE R A 7.0 R RR 3 A A R AL IR, 2
KNEL044.6 77, 2 551K 176.1 4270 [ 47 H 8
H O 22 55 M X & 2B T 50 4F — 8 i e R k0, ok
R A B 8135 2 000 4% 1 .6 000 4% 18], 350 1 N 320,
HIEZ TR 2031478

H i3 ] AT 4 A 50 A0 45 M S R A0 B R S R
RS N RS AN AR R LR U N
S5 R R BT JE N R A 45 R AE B K K I R R A
SR B whR R S SO 25 4 5 il AR ER 8 15 A
L A T4 R ) 2 AR O AT, DT I AU 45 A 1 40 7R
PERE . SR, 76 1% S0 1 ) 44 45 K4 3 1 v, 6] B
FAE T 45 ¥ BT 9 M BB VEAL 7 ik 9T L A TR 4
XF 2 Fhva FEAE T S5 R Bt 2 9 PE RE VAL O i i ot
FERE D, R A R A 435 4 7 Tt K R A s 72 BB
GAER T WAL I ik B o E = o DRI R G R R
) 4 45 #4 7E Jk KR M R B A VR R 9 RUBS: BT A X6
P T A R A SR 977 U Rk K R O B R S

FE 22 Bl U FEAE LT 25 80 P B AN 5 R O ik
M oE T, 32 A 0 E B A G kT B TR
BIPL 22 F BT 5 PEAR 3 T 4 5 A S 3 1Y) 45 4 1

TS AR PNV BRI T AR R R 4 3L 6]
YRR B BF R4 A4 22 9 H B O ik fR th 1 A A
B RB T 5% 1 EEOE T TR 0 A R
P 10 85 F L Petrini 5542 BT — (UL Tk fE
Bt 2 BT 5 PPAEHESL K o0 B i 72 K 3 O 9
I3 AT EE AR R O B AR B AR e B L 4 R L
e A8 473 23 A AR O 0 M S AN B B 1% 1 K il
N 2% AE S BRATFE TP AR SR 5 B T 42 5 i S )
0 45 K VA 5 BT 2O 4 A A 0 9 PR RE IR A
Xt 45 KA T 7 P BE S R R 4 T i S U O AR o A
R AE RS T L R PR S5 T ok ok 4 A A A A A
i A 399 9 P BB SR AL B R e, L 4 A i ] 401 45 2R
A PEAG 7 1 o AR R Kl R A M R I A 1 DAY BF
FEH, XIIR A ST M R RS AR AR TR A bR il
14 Zy A5 il 2 A0 [ U3 o A, AR A T 3% S i R R
% 14 M 7R ) A0 T ot 5 SE LA R Y TR TR
W8 F4) A % 7 M 7 A0 e R A T A A R B2 4 B
F, P2t — i e G B eh R R RO DT R . fE L
RAWETE 580 G 22 BOR B S5 T A S ) A
S5 S5 AR A5G B 32 I HLH S R AL 2E R EOR
A SR R ME LA B N T8 SR S i B3t
AR SCAR Y — b K ) 3 7 1B 4R R
PRG5BS DPA J7 3 PP AS DT R 2R 5 5 I8
T 9CE G R RS S 408k o K S T AL Y
B20% A DAER) ) QU TR | BN e ] v e R
H 2 5] A7 % K5 180 A 235 ) % e SAOIR 25 3 23 S e
BT AR X 3 S04 R A oo B Rt 72 5V R 9
S5 Sy 1Ak 23 A 5 AR AU DA B, AR A S A AN
[ 1 IR 2 T A9 2% ZOHE R A0 4 1k REIR S F A9 Rt
SRR AR T FE 2 45 B X 45 Al BE AT KURE P A
R, LA JZ A 5 K D 9], %k L o3 A HAE 2 8
Wil 2% T 2R B R 5 O 25 R b e 2% 1R T B 2R RO
A B IR 2 R v R X 45 B R RE R R BE 5T A

295



2k

1 REEWIE

R SE I P e — € I IR] N, S5 4 i b 47 K
A I e — ICHE R Y AT RE R o AR SCHFSE A K
i) 0 M R B T R LA A 25 K Y R RE T A
it S AIE T LK R A 3 7= Y I @R

1.1 W R MRS

o A 660 P A TR A A — 52 B TR P 4 4 R A
a5 — ol R % R M R A il £k Tt K o R 3 8t K ki
gy o e N R 3 W S RN S P N A RU TN
5% Jry R 9 2 01 ), B 2 1 i o o ) ¢
R T RULN TR Y- (N SR e R T B o 7 = O
Briaud 254 T — Rl S B2 7E 4 A A b i
— 22 R R B SR O TR A ROK
S I SN R M S5 R T — R
HE 2, DA o R T B A I P 4 A X BOE S o A s
JE B X 55 [ R A B R 1 HEC NO. 18
O T G o Rl R B A 1 BR824 S8
14 M 3R ASE TR 400G e R R MR R A AR A Ay
£ B A5 B 6 BRCIE A A A, AR R 8 B ek A RT R
RN

S (nh—p)
fH(h)—’\/gghexp " ] (1)

Ao Ak R 5 Sk R G X O (o
SRy R R B ) R BRI 25, SCH A = — 1.373 4 FlI
o=1.812 Jy ] okl B BE f& B M AR 4 & 1
FIFR o

0.2

0.0 1 1 |
00 01 02 03 04 05
FHRIREL / m

BIL ol £ B 1 b 2

Fig.1 Scouring hazard curve

12 MEREEKMEER

b = 9T A G P A TR A A 3 AR — 7 I[P

i

296

SERG JIT AE A R A e B — M R i AR A £
RPN RGE T 2R MR UCH E R MR AL AR S
SR FH 1R /0N BEE S50V ST Y R R A I MR A B
W8 SO AR BT E , X 224> M DX 1) b 7 16 e P 47
TG A SRS I M R ZUE AR RO A A
PR I 2L O3 A1, AR :CInF

w—im

Fs(im)=exp [—( p— )] (2)
XF o A bR R HE AT R T, AR AR O R R R
B
ﬁum>“w—ﬁmka%(”_”m)}@>
w—¢

(w—¢) -

S o M FLRE ¢ o S MR BT B (L —
MR w — 12 15 s A% (ELFLIE | 364 2 15 A (121
E A2 24 1.55 1% A% SO B R LT I )
A B A A 5 T L T B
e = 5455 kAR BB, B T IR 4R R B LA
8 S 50 45 1Y A% g 10% o RE AU
B

1 01=ep (o] W)

A k=18.33, (3 ImA LR N

8.33(12 —im)™"
fslim) = Y
(12— 5.45)™" {
12 —im 5
(12-—5&45) } (5)
HiZ B 5 PGA B 20 F FEs

im=3.731g( PGA )— 1.23 (6)
X, PGA hy Hb 7% 06 F Jin o i, B0 R gal, 1gal =
lem/s®, N T4 3 PGA Bhi G — ,ia AR (6)
Ji B PGA S5 A R g, M7= i B 1 B 7R 4n 4] 2
TR

AR
=

107" 1 L 1 ]
' 1 10" 10 10'
EE{E N g

&2 b RE AT P i 4k

Fig.2 Seismic hazard curve




2 FHHSZHMIEST

S50 Hy A PE TR AR AN R F IR T, kA K
Aob 5475 R JEE Y 2 P R ROE R o Xk R R R AR TR
L5 Ty UL BT S TP 38 e — AR ICE AR,
75 18 3 Hb— B 9 T AT R 19 4544 By #5318 5 AR SO
e b el RE BEOK b TR, P R A H R 5 i
Mo G5 K bR B B B ST O R G g A3 BT
FIEAE 73T I5 , 90 3 BT A 56 T 92 PR R RS
R AR e T T A ST T B R 2 A i R T [ U R AR
SRABE R 57 5 A SR BRIE 73BT i

2.1 HHHEREER

X5 K BEAT By 40k S0 B Z T, e B e WL A A
BEIRARZS , I X6 4 o e IR 25 4T 48 A 1A, AR ST
R e R JZ 1) (5 % A Sy 45 4 B P BE 48 A , AR 4l SCHiR
[20-22 45 Ay G380, B 4540 I B SRR 2y e 4 52
PR P EEROR TR BOR B . R 1 EES T
PR S5 B BEIR A5 b, Forh 0 O 2 W] 2 % #f1 , H 9 285
MR

x1 BREHWIFER

Tablel Damage index of building structures

WEIRARAS 2 L4 1 BRAE I KIZ R B
SE A 0<1/1400 —
BRI 1/1400<<0<C1/700 1/1400H,
LR AT 1/700<< 0<C1/200 1/700H,
T R 1/200<< 0 <C1/100 1/200H,
{31 35 0>=1/100 1/100H,

2.2 SRk

G C.A.Cornell Z5 ity 7 18 , 21 FH b 72 0 (i
TR R Hh R R S8, SR M ERE R R D
HiE SR EE BB FF A FH LR

In(D)=a-+ bIn( PGA) (7)
XA, a b RE T LLE A FIEA TS 2 PGA R
b 7

55 K6 1 BT RZ TR B8 5 5K D X BOIE 25 43 A 14 A
22 LA THE R T 345

/i[m(n,) «— tn(PGA)]
Ba=

= — (8)

D, R 5 R B PR P RE TR R s R B
s PGA, R § 55 HRs sl s i i )% .

W G R A TR R MR R R, 45 H A
) 0 5 RS T IR A B CDR 2 00 2% 1 R AR R
Gy Bk T R

In(D)—1In(C)
JBi+ Bl
@[z; X In( PGA) + a — ln(C)j| o

B+ Bl
X, P(FIPGA) W& E R — i Zm EER T K
S e B 5 0% 5 4 1 B0 75 SR e 5 4 1
PURRRE N1 C R MBIRRRE 15 p R BLRRRE 1 X 4K
FrfE2E AR SCHL B, = 0.3; @ M AR E IE 2543 1 BR 4L .

P(F|PGA )q{

3 KRETEGER

X 45 H) AT R DA, 5 B L5 IR UK
T 2R IR ORI . BUR A T — AR KE
P2, SO B 50 0 fi I 5 2R R B K
KR IREL PR GE T 9K W PR b 28
HRIMAR RS2 ICEANE I E AR, DRSE T S 7R 32 K
HHYRESs SO TS B B

K Ty AR A AR R R O B R ICH
SRR MRS R S Y RO BR T IR A
Gy AL b 3 2 9 R R RE R 5 2 A0 I
FRE AR TS 24 % 280 R ME 23 ) LAl 2R PR AR 20
HORA

P,,ziP(FlPGAZ)P(PGA,) (10)

b, Py o S5 A R B AR s P(PGA,) R A
Mo 752 58 JE O PGA, M55 P(FIPGA,) i1 X (9)
TE o % IE MR R N LT, 1] KR

thfmFR(PGA)ﬁ(PGA)dPGA (11)

K, Fo(PGA) 45 ¥ 19 Mo 52 5 Bt 1 eR 4L
Js(PGA) Jy Mo 7 5 5 BE % 8 B ek 24, i X (5) L (6)
RAT  H IR AL bR TREE 2, T 38 B2 — P
TR 1 A 32 ] R
Po=[ FJPGAR) F(PGA.1)APGA (12)
BT, B R & SRR EEAE R L 4
A R 280 11 M 46 T 3R Ry

297



PFF&'FMFR( PGA,h) f(PGA ,h)dPGAdh (13)

0

X Fo(PGA, b)) SRk 7K it st 7% B A 7 T
S W M T BR B (PGA, k) SRy kK ol il 0 5%
e 2 A R T PR, AR TR ST R LAk o S H AR A
FA E S, BF LA . f(PGA, h)=fs(PGA) f(h),
H o f(PGA) B2 (5) ((6) 5 , £ (h) i K (1) T
S o T LG5 2R 00 A ARAE 5 1T LA R

foo poo
P/’:J J Fi(PGA,h) fs( PGA) fu( h)dPGAdh
0 0

(14)

LK ) 0 R IS VR R B9 S 45 i T 2
HY 22 25 AN [ il % B T b 52 B 2 M i 4 R R et
T AE Y J7 I ARAR 04, S BR Y 15 M T eR AR ) oK
fift . DLt TR g R R AR A K (14)

thi EP(PGA[,hj)P(PGA,)P(hj)(15)
K P(PGA,, hy) 375 Sy 484 M 1 XT R PGA, A
hy B 4 1 B2 5 P (PGA, ), P () 53 31 9 % 1
ST AU MR R R R, M B R B AT LA
DEEUNVELE BRSO L €87 NG 127 NN 13
I BB FRP PR REAR S T A R RO, S T T X
51 5 AR AT 5 Py P Py Py Pso

JRUIS: 55 T XU e A= i A 38 55 XU & A 2 ) 3
JRAR R B0 SR AR o A b e R A B R RAORE AR B
Az A T RS KU RO A3, O EL 5| A S5 48 A 451 2%
Fb o, 1 S IRUR: & A 2 0 s i 2k, T 22 08 A
AN TR) 28 7Y 55 ¥4 B 4512 Ll AR SC P OR UG AR S A
P46 FU WUE R S8 RS O, R BB 3K 596, rh S5 i 3R
10% ; P H B IR 40% , B30 70%6 . B e AT DA 3k A5 25
2T R AL AR

P,=>P, (16)
i— 1

H1 30 (16) ZRA45 H 16 42 B BEIR 25 T B9 2R 28 A
A Al SR S T R AR S T SR AR AR B R R
ARG ] FE AR AR AR B0 7 0 HLE 1y H bl
FEFZARAR , DTS 45 48 R AT I A 5 7 CL AR 45 4 7T 58
PV THGE — AR ) = T ML E B 2 A SR 2 A A AN ] 2
EAFY HbR AT FERE o G2 A ARG G s R
HER, KR SEPE R IR B H AR AT SE BE AR bR oA 3.20 4%
MR HE SR AT P 52 BE R A5 T H sl 5 2 1 358 B ¢
T 45 H T AL 9 R AT S BT I 2R 2 SR AN
T L TR FE BT A 2R, 75 BER .

298

4 HETERE

PRVEAG 7 12 A A5 HE K o) 60 M 2 A B P A5
Ty BV FRUR: VAl B3 =0, HOA S AR A 3

s
[ Bt —sp BRI RO AT B SR Y | B WRRIERIPE AT |

LIRS o |ﬁmme§H R E

o R || mRthpn
& | [me s |
il =
% e HVEREIRE T
& y Lt LKA
AL BTIRE
]
[ anERRERHRE | ZHERERE F 4
Rl kA

RAGHE— PRI R
H R B i dh 2k

L £ o

T e e v i

3 BRI VA 5 1 5 i A
Fig.3 Establishment process of failure risk assessment meth-
od

5 BOloH
5.1 ARt

AR SC LA 2 file 1) A S5 SR ESE X G, A R AR
149 48 7K R R b AR IE B A R R SR A 2 R 1 2
KENR ML L. SHWERHY A3 m, K
11.4m, 56 m, ME 4 B 5w, &R, 3
BeIR BE T A T L R AR MUL0— M5, TR
+ 3% B R C30, 9 75 45 9% 4 HRB335. 454 1 T 1
A X, PR BEBE ZUE R 7R, 11 b, PR S
R =G, et R A 2 O A A S MR AT D
0.45 s, 85 & 5900 — 9.

SR FH A o 3 2 A 0L T8 K R B 45 A B R
FHSE R 0.24 m &R 0.5 m 19 #4245 0.1 m 3 B A
B R B S A S B v T DL A R ROk AR
LR, 9040 - b R BE R 0.1 m, 25 B 4 A 1 LA
0.1 m yE RN A SR OB SR A LR S
B, 0 T A LA B A AR A 1 R B B
BE SR m 99035 2 A0 AN L 6 TN | b 3 X &4 A4 i)



120y 3300 4 800 3300 120

000

4120

4 —Jz 5 R E
Fig.4 Floor plan of one-story building

120, 3300 | 4800 L3300 120

6 000

4120

3 300

1 1
Bl5 ) b T A
Fig.5 Floor plan of two-story building

TAT 14 1 28 R B R T2 HE S0 L 43 I A v i
AW RE w] LA R A5

K, = ABmH, (17)
01505 4 wp 59058 4 I 3 oy
K,= w,B (18)

rf, A 5B JR 22 8] B9 (8] BE 5 B O 50 R 35
50 B, LR R g3 B0 i RS 5 m D L AR 8 HL
M R A v s 2 A RS 5w, Ol % A M T AL
5 b B SE e — M A/2 TR EE N Y Hb 3k R B oy A
[T

Fig.6  Ground beam spring layer layout plan

52 HEERE5HH

521 HBFELSH
PRI 35 2% 11 25 37 b 0 520 b 72 Bl , X 45 g kA 7

545 43 B M 7 W5 (D S5 1 9 0.01g~0.5.
FF B B o I 0 6 R VR B L
35X 6=210Fp T-% .

B2 2 (7) 20 5 %F wh Rl E 8 0.0.1.0.2,
0.3.0.4.05 m AT BT KRB EIUEG . G

R 2,a.0 WG SH AT ; BRT R R
SO e T Rl S 0 m 0.3 m A4 Ll il
2 (I 7) A G 45 1R i 2 (P18 ), He At I Ao o il € B 2%
PET B 5 LR 2 5 (9) 3 5 3145

x2 FEMHEFERER

Table 2 Structural seismic demand model
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