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Abstract: Given the generally high level of infrastructure safety during natural hazards, existing resil-
ience indexes struggle to effectively differentiate the varying safety levels of different infrastructures.
To address the limitation, the uncertainties in natural hazard intensity and infrastructure parameters
are first characterized to calculate the expected value of infrastructure functional losses caused by multi-
ple natural hazards over a given time period. Based on the probability integral transform, a resilience
index is defined that can effectively distinguish the safety levels of different infrastructures. Subse-
quently, the damage probability of infrastructure under uncertainty, the expected value of functional
losses for damaged infrastructure, and the expected value of recovery time for damaged infrastructure
are calculated respectively, thereby constructing an efficient calculation method for infrastructure resil-
ience under natural hazards. Finally, the proposed resilience index and calculation method are applied

to study the resilience of highway slopes under rainfall. The results indicate that the resilience index of
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highway slopes exhibits a negative correlation with the damage probability, expected value of function-

al loss, and expected value of recovery time. Among these factors, the damage probability has the

most significant impact on the resilience of highway slopes.

Keywords: resilience index; infrastructure; natural hazards; uncertainty; damage probability

0 35l

il

B h 1 e R A 23 R R Y OGRS AR
R CHEK L RE M BSE B AR R E AR R A ORE
H AR K F T FERl e 4 o R a2 kR A
B Bk AR A R g A7 AN B e
YeFE 5 A STREMRE S ST, AT RO
H AR I T il it i R 5 K A2 ) AR AT 4 T
Hr, WA RCEE B AR UCE T BRI 7 2R A )
SHE

PR PE A O vE R g o e R R E B 5 E &
U E M Ty vk AR DAL E ) S AE SR R B R
E NIRRT B KA Iy s B N 2 A
X B PE HEAT AT o0 A, B O AL B = g 2 K
P MELLE S TR SR . a8 i VR I I R AR TRESS
M EL R G H TRE R 5 RS o 7 A B PR R A .
o DI RB A — MR ) 2 SR AT A A T T
AR S — M T 2 50 A AT B . H AT, E
FECHT T AL R R IE A K
Il 25 JE A U B BT A A S A T) i el 52 i ) )
PEFEAR B A . Bruneau 55 2% 35 3l i 715 72
SR ORI AR AR 0 A= VAN S RO ) K G = T
Janic # 4k K Aif 5 9 09 T BERCR A2 4L, € LT ALY
B4 F" . Dong 45 Frangopol'™ | Huang %' 3
T o RS B, 43 AR g T b R AR N A A S R
P8 bR . Zhang 55" F 42 18 b € 1 1Y) 28 3 5
S S A TR R e /N 3 DI R G
Bro BT H AR K E T FE AN )R A v &K
ANHREME, A0 g H R B R A B S ) AN B E
P BB 532 3 e g b 3 A 15 e 2 i T Ak AR B
MR TR E S N RIS AR AR SR
TH#®wZS%,

SR, T Tt B TR T 2 R %) R il 158 it 22 4>
PESE AR W, AR U T R Al T i I T/
A B V4 bR X DDA 8K 43 AN ) R il 15 it
1% 47K o BEXE BRSSO il i R AE B
R I ik BE 5 A S BOR i E TR AR K

2

N R A it 2 e A8 O I B, B TR B A
e, 7€ SCAT LAY R IX 3 A [a] Al B2 22 42 7K ~F- 19 1)
Pefgbn. 2, WET TRENA 2 HRRET
S o) bt 0 R RO T i A R R AR A
55950 0 T R AT R R AN BN .
W 9T R R oA AR 9% TR JE Al B Bk VA B2 41
WG EEA S AR S %

1 BRARETEMEEIMERRR

B LR T H AR K E T Al it D) B Bl i a] 7
fbad B2 B AR AR R I E] £, DA AR N DI BE Q. A Qo
7N HE Bl B R 46 P RE L Qo = 100%., & x E IR H
RICERPE &S ORREMBEES . dExS0,
— 3 AR F R A G, A e 1 A7 4 T RE Ak i
£ Q(x, 0) . 56l i) ik 5k & U fig Q (x,
0) = Q, — Qx, 0). % ArFon HA % it 2 5E
Q(x, O)KE E QI MW, 4 Q. (x, 6, 1) Fm
Y52 b B, SE R A B 2P R R DI RE . g
F AR I 3 1l ) a1t D) e BTk Ax, @),
1B~ S S N v <

Al x, 0):Q<)AthA/Q,.(;c, 0,1)dt (1)

T 11 9% 9¢ 7 35 FE 5 3 R 13 1 2 8 1 48 R o
FPE L B EOE R G 5% A T AR A 1E BB L R R
T 6 Sk T O 2 195 2R 6 A O )b B
fhi o A M) F0 BRI R HOME R 8 18 R, 4 f
(0) 377 3 Wl UE 1 2 0501 M 23 2 B M. 3 T 4
BRI A X [ 9RO I K R G ) i 2
A B E,, 423Kt T

Ev=|.[Alz.0) 1 () f(0)dzd0 (2)

S IR B T T Bl S 2 b 1 IR K S ST
A 0 T B TP SR BB L B 2 1R R
BRI L 8K T TRAT T 5% K 2 B T B L
iR 2 5 B 01 B T 9 49 R, B SR 90 R A
18R 9 AR T A0S L 5 X b AR 3k
R T ik B B E,, RA R INF



EA/’I':EEAH (3)
i=1

S SCHRNT ' AR LR it B M R bR e
FRARIDNREM AR Gl — Eu/ QT LT = 14K
B, A6 E e XN IR AR N R 1 s o AT DL
), 24 5l e T fiE BTk E /DT 10% i 28 i
IR AR E T T 1 M Lk — 2 X 4 AN TR
PR o SRR TR A R TR A R iR
Jiti %2 4 H RS, A SR OCE T LRI E A 22 8 T
REPEAR /N B, TR 45 4 T S8 M 8 1T 48— A ofie)
(GB50068-2018) s """, bk 7k M ml F s 1) o 2 (1)
FUEE AL AE 100 4 B T8 AF BR P9 19 52 45018 38 A8 555
F10°—10 * Frid, & F0(2) 5K (3) KM M
il g 2tk E, o — SR/, ik ik
7] R, 35 A SR A AR e K AR T R it
PIVEFE S e LANE

71@—@1(1

QT
A O BT AR IE A AR R, X AR
B B T AE Rt b ELy/ QT IR IEZS

(4)

OrAn, EEJE TR EZ B AR KCF R IE WS
B PSR T A W A KR RE AL A R S AR 3
O A BR s B TN E e/ QT I R M IE 25 43
fir o LLESE CT7 30, 78 0] SR B O R BT iz R
S RRELAT = 1TAE B, R 1RR T ARFE Eyy,
XF LB R PEFE AR yeeo T LA B, 24 5L Rl B0 F- 45 2
BB R BRI 2= T2 —  H 07 2 — I, FE3E br
¥ A BERS HHEAT A X 7 FIPRAY

EEQ n -
WG ERGeE AT AR E

Qo
Qn

I [A] t

T

1 AARSRE T Al et 2 fe v fe 1 72
Fig. 1 Evolution of infrastructure function under natural haz-

ards

F1 BARETEMIENEEGREIERITRAPEEE,, THER

Table 1 Variation of the resilience index of infrastructure under natural hazards with the expected cumulative functional

loss E ,;;
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Fig. 2 Calculation procedure for resilience index of infra-

structure under natural hazards
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