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An Evaluation Method for Link Importance Based on
Seismic Resilience of Road Network
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Abstract: The evalution of link resilience importance is essential for improving the seismic resilience level
of the road network. Using resilience achievement worth (RAW) as evaluation index, an evaluation
method of link importance based on seismic resilience of road networks was proposed. With the help of the
bidirectional inference ability of dynamic Bayesian network (DBN), taking the initial DBN as the
benchmark and the link connectivity at different times as the evidence, the resilience curve of the road
network was updated, the RAW was calculated, and the link resilience importance at different times was
evaluated. Taking the local road network in Shinan District of Qingdao as an example, the evaluation
method of link importance was verified. The results show that the seismic resilience importance varies with
each link at the same time. The resilience importance of the same link is positively correlated with
maintenance rate. The resilience importance of different links varies in sensitivity to time. The proposed
importance evaluation method redefines and quantifies the seismic resilience importance of links at different

times, and identifies the links with high resilience importance and sensitivity to time. The post-earthquake
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recovery strategy that inclines the limited maintenance resources to these links and the pre-earthquake

prevention strategy that reinforces the links with higher resilience importance can more efficiently improve

the seismic resilience of the road network.

Key words: road network; seismic resilience; link resilience importance; dynamic Bayesian network

(DBN) ; resilience achievement worth (RAW)
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Fig. 1 Curve of system performance in one disrupted event
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Fig. 2 Seismic functions of road network
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Fig. 3 Roadmap for evaluation
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Fig. 8 Topological structure of road network
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Tab.3 Connectivity probability of links at different intensities'"*

pEB T 8 9 B T 8 9 B T 8 J# 9 B THE 8 9 B
0 1 1 0.89 11 22 0. 86 0.82 0.79 32 1 0.98 0.96
1 1 1 0.92 12 1 1 0.92 23 1 1 0. 95 33 1 0.98 0. 96
2 1 1 1 13 1 1 1 24 1 1 1 34 1 1 0.5
3 1 1 0.89 14 1 1 1 25 1 1 1 35 1 1 1
4 1 1 1 15 1 1 1 26 — — — 36 0.71 0. 64 0.55
5 1 1 0 16 1 1 1 27 1 1 0.92 37 0. 86 0.82 0.79
6 — — — 17 1 1 0.98 28 1 1 0.99 38 1 1 1
7 1 1 0.98 18 1 0.98 0. 96 29 1 1 0.98 39 1 1 0. 86
8 1 1 1 19 1 1 1 30 1 1 0.98 40 1 1 0.5
9 — — — 20 0.71 0. 64 0.59 31 1 1 0.92 41 1 1 1
10 1 1 0 21 1 1 0.98
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Tab.5 Results of link resilience importance

BB t=0 t=3d t=6d t=9d
31 0.041 0.039 0.035 0.029
27 0.035 0.033 0.028 0.023

5&.10 0.028 0.021 0.015 0.011
29 0.01 0.009 0.008 0. 007
23 0. 009 0.008 0. 007 0. 006
22 0. 007 0. 007 0. 005 0. 004
0 0. 007 0. 006 0. 005 0. 004
40 0. 007 0. 006 0.005 0. 004
20 0. 005 0. 004 0.003 0.003
7 0.002 0.002 0.002 0.001

30 0.002 0.002 0.002 0.001

39 0.001 0.001 0.001 0




210 4

MRk AR, A — AP IR T 3 R AR W 0 B B E B R R O ik 1259

0.0451
0.0404
m=0
0.035H =1d
0.030H 1=6d
1=9d
2 0.025}
s
~0.020H
0.015H

0.010Q

0.005H
1.

0 31 275&1029 23 22 0 40 20 7 30 39
B

[ 12 2% i 220 i B o 4 o

Fig. 12 Link resilience importance at different times

3.3, 1 1 3. 3.2 5 43 i A i) (o B 200 S [) i
Bo) 5 9\ 1) (s BeAS [7] B 210D 46 B T 46 90 40 7% 30 1 i
LA Ak, P 12 A T I B M R e S
] e . NI 12l DUAS 3] BB O S
L 5% s [ ) AU 2 I T 2 ) P KO R v
) T A B PR 3R R AR R LG R ) A S RURR Y
$Hf5 B 11 B 2 6 O ) K T B v R B
B 31,27 M1 5810 (1 3% 8 RE A% & 25 4 5 1 I 114 49
IR, T BE 7,30 RN 39 1) 38 X T I R ) P KR
Fh 48 80 R AN

B B P T T 0 45 R AT L B T R T
I 1 R 5 Ik A SR s 1) o AR S L % B i B OR
W SR 50 T B N SR TE =0 N 20 T B R A 0 R
B i 31,27 f1 5810 2, B B Br H iR A vk,
T L T S 0 v I D M K 5 R
Jr DR S SR S0+ 7 B T T A B R R A e s
P A R X I ) A Sy R ) B B B v B
Je R A B S T A K AR R S G B T )
PEIKF-.

T

CL A F 5T 2 4R Ji Ik B 1) ) A2 / B B IR S A8 1 3
) FR GE B A AR YU FE B A/ B TR B R
KTEBRWIUG I 2] t=0 SR 21, FEA B 28 T Al
FEVE MG 55 M 0 R 1/ s B R RN 2 TR
I TR AE AL 14/ B B R U R A PR L DR, DA
WO B E RAW P 8 br, #2410 T — Fh 2
T % R ) 1 e B R A k. LA 9 B A
£ I T R KR S 0 T 1 B B ) e B
ORI =P

(1) ACSCHR M Y B B o 2 B 4R b 2 0 2 A B B
T R R ) — ik L 2 R T B K 2 i

T DA B %ot 4 2ot 7 0 00 500 R 0 e il 2 0 R Ak 1Y
AR

(2) [7]— B Z0 AN [) % B 1 3 3 14 2 412 1 5 I 1)
TR KT S F R v 0 A 3 AN T 5[] — B B A () e 220
(14) 3 38 24 2 1 1% T 0 0 kK S LB v A R R
[) o [ B Mk A2 2 2 A PR 2 (%) e 220 L R X ) 7K
S

(3) /N [) i Bt 1 ) P o 2 18 6 ¢ e 20 g s A
JERTRL. PRI 3% ) 990 1 O s 2 T 5 O 7 T B A
e ELGT B[] A8 Ay 50U 1) 6 Bt

(A) 42 1 5 B T B 7% 900 1 1 I B3 o AT
M 7 T S BT DA I 0 4 1 3 i B A — A
L5 TR R B 2R 5 DA 2 ORI B0 1 S AL A A % T
IR 1 4 4Rk 52

AR SCHR Y 6 BT B R T O T e
5 I X 7R T T B R AR T R AR e ) . DT B
5 W P B TH PR I R KT B A — R R R
ZAb JEEE AT DAAE LATR J7 T4k 22 I R it 58 T4

(1) AR 1T s W e 52 1 1 b B S AR 1 3%
P B AR i 2R AR D PR B VRN (S bR SRR L iE
FTRE Ty AT AR R) T S S AR T PR AR AL
LEA IR 2 Fh PR M AR 08 W I W PR BT
M. PR S5 S0 55 ] B R BE T 248 b 1 B 40 = 1)
PEPEM.

(2) ¢ 2 A& iy ) 0] 75 22 B B 0 A7 40 15 2 2 T i
o 477 7 590 M K T B e 800 2 AR A R R 48 BT DR L A
AR T R SR SR 5 AT 4 A R (R B BEAE
AN [) st 220 40 2 R VAN 45 R S RS R A
TR IR A 5 0% 0 7R 5 I A8 5 3R s

(3) 7R SCHT g A A A58 TR0 v, IR a2 s 7R X6 3 B A8
W FR G R R 45 S S %0 E AT I8 AR TAE . Z g
T SR AE O A ) — S8 GE i R] 5 [R] B, B I B ) 4
16 S R AR () A S BRI D0 v L A8 R A 5 I B
SZ A B AR A B IR S A OGS SR 9 rh R 3T SR
KO | 7 s B AR RE A A 2 28 L X 448 8 R ROIR A
TR B i — 25 itk

S & k-

[ 1] BARKER K, RAMIREZ-MARQUEZ ] E, ROCCO
C M. Resilience-based network component impor-
tance measures| J . Reliability Engineering and System
Safety, 2013(117) . 89-97.

(2] AK. mAR. XI—%. HEZEREDE KRS
ZREE)]. XBERREZFIREREE. 2020, 20
(2): 114-121.

LV Biao, GAO Ziqiang, LIU Yiliu. Evaluation of



1260 E B X B X F F R %57 %
road transportation system resilience and link impor- 23R, 2020, 54(8) . 820-830.
tance[ J]. Journal of Transportation Systems Engineer- CHEN Wu, WANG Hao, ZHANG Guohua. et al.
ing and Information Technology. 2020, 20(2). 114- Evaluation of tunnel collapse susceptibility based on
121. T-S fuzzy fault tree and Bayesian network[]J]. Jour-
[3] LIRY.GAOY. On the component resilience impor- nal of Shanghai Jiao Tong University, 2020, 54 (8):
tance measures for infrastructure systems[ ] ]. Inter- 820-830.
national Journal of Critical Infrastructure Protection. [10] HUANG K Q. GU Y K. LIANG L Q. Reliability
2022(36): 100481. risk evaluation method for complex mechanical system
(4] HE. HE, g, ETWMENAKRRAGEEE & based on optimal Bayesian network[J]. Journal of
WEREL]] EEMEMRKFEER, 2017, 43 Donghua University (English Edition), 2016, 33(2);
(9): 1713-1720. 177-182.
PAN Xing, JIANG Zhuo, YANG Yanjing. Resili- [11] HENRY D, RAMIREZ-MARQUEZ ] E. Generic
ence-based component importance and recovery strat- metrics and quantitative approaches for system resili-
egy for system-of-systems[ J|]. Journal of Beijing Uni- ence as a function of time[ J]. Reliability Engineering
versity of Aeronautics and Astronautics, 2017, 43(9): & System Safety, 2012(99) . 114-122.
1713-1720. [12] QIT, MING Y, ALTYNGUL Z. A dynamic Bayes-
[5] ZHANG Y B, KANG R, LIR Y, et al. Resilience- ian network-based approach to resilience assessment
based component importance measures for complex of engineered systems[ J]. Journal of Loss Prevention
networks[ C] // 2016 Prognostics and System Health in the Process Industries, 2020(65): 104152,
Management Conference (PHM-Chengdu). Chengdu, [13]  Br#kdg, BEMUMHE. LT 30245 03y P 2% 14 18 1% A8 38
China: IEEE, 2016: 1-6. GHEBYEIAN ], B R. 2023, 46(2): 280-
[6] WEN M L, CHEN Y B, YANG Y, et al. Resili- 290.
ence-based component importance measures[ J]. In- CHEN Yiqin, HUANG Shuping. Seismic resilience
ternational Journal of Robust and Nonlinear Control, evaluation of road traffic system based on dynamic
2020, 30(11); 4244-4254. Bayesian network [ J]. Journal of Seismological Re-
[7] GAOZQ, LV B, GUAN X Y, et al. Connectivity search, 2023, 46(2) . 280-290.
resilience assessment of urban road networks under (141 k. 3kl By 208 I W 45 0 B B o 7% vl & 4 o 5
earthquake based on Bayesian network [C] // 2020 [D]. HF&. hEWEEEKRS, 2013,
IEEE 23rd International Conference on Intelligent ZHANG Jie. Building of urban emergency road net-
Transportation Systems. Rhodes, Greece: IEEE, work and seismic reliability research[ D]. Qingdao:
2020 1-6. Ocean University of China, 2013.
81 fltf, xocld, JAH. 5. f B W4 M B R 2 (1] JrZR-F. Z4NE. 25, 2. 4k X MR % 2 B P PP A
19 EFAST Wi orikl)]. RE5WEFR. 2023, 23 RGBS RT]. TR A, 2020, 37(10): 28-
(8): 675-681. 44.
HE Xiang, YUAN Yongbo, ZHOU Fang, et al. An FANG Dongping, LI Quanwang, LI Nan, et al. An
EFAST-based evaluation method for resilience impor- evaluation system for community seismic resilience
tance of road-network links[J]. Journal of Safety and and its application in a typical community[ J]. Engi-
Environment, 2023, 23(8): 675-681. neering Mechanics, 2020, 37(10) . 28-44.
L9] Br#E, ¥, skE4, . 5T T-S BRI R 10 (KA. 2 — )

WS ) 2% ) RS 3R B 2 T[T ). BB R



