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Maintenance strategy optimization of existing bridge
network with consideration of uncertainty
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(1. Institute of Bridge Engineering, Chang’an Univsity, Xi’an 710064, Shaanxi, China; 2. Key Laboratory of
Bridge Detection Reinforcement Technology Ministry of Communication, Xi’an 710064, Shaanxi. China;

3. Transportation Survey and Design Institute of Hunan Province, Changsha 410008, Hunan, China)

Abstract: A novel maintenance optimization approach under uncertainty was proposed for existing
bridge network to optimize the whole management. The reliability index was employed to
evaluate the multilevel performance of bridge component, individual and network. The network-
level maintenance optimization framework was constructed. The probability model of bridge life-
cycle performance was established. Besides, the mathematical models of network maintenance
strategy effect and cost were presented. Based on Visio network graphic modeling method, an
auto-identification technology of bridge network topology was developed. A network performance
probability evaluation method based on failure branch matrix was put forward. The network path
connectivity subject to traffic loads and environmental erosion was taken as an example and

analyzed. The results show that the method proposed in this paper can strengthen the processing
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ability for larger-node and complex network. The combination of the method and the multi-

objective optimization algorithm realizes the whole computerization for the network-level

maintenance strategy optimization with consideration of uncertainty. Pareto solution of network-

level optimization is the global optimal solution. The network-level maintenance optimal

strategies obviously improve the integral performance of bridge network, avoid the short board

effect caused by the traditional strategies effectively, and achieve the global optimal allocation of

funds. 2 tabs, 12 figs, 23 refs.

Key words: bridge engineering; bridge network; performance; reliability; maintenance strategy

optimization; network topology

0 51 §

TERCHF LA RE 95 1L 51 R 45 1 1R RE B AL . 5 2L
EHRP RPN RIES E MmN L REBE. A
T S B A 7 5 A R SR UG AL 2 i 18 A AT
FEPAL T RADR$5 80 BT 4 5 4015 1 fE 18] 19 & 2
1

LA [ P9 5056 FAE A A B2 A8 SR SR (g F 72
SRR 3 R XU K JETT 1) - DI 48 bR
N P 16 AN i A B 7 L AT L R T e R A AL
AR LR P 1 A ORI I B A i 5
VAL T AT A E 5 1 SR AN A T X ok gy
R R 0L X W AT 2R AR TH A T
T3 B S RE S A ) T R A R I £ AT
& FEAE BR L Ry 0o BE s @ WF 5 I 30 o R I 1) 4 E A7
i (A i JA 301D 6 742 Bl A B H IR fb o 5 8L 1 )F
FE H TR AT A E 2 T i 1 PR P A e
SRR T RE - 28K L J i H R £ R AN W SR R 4
Y 3% — o e A S i ) B ARAIE s QB TERT R
AR T 2% e A B B 5 22 B R B R A 1R B
AN I ] A B R — O 2 A
W25 1) 1 BE B+ AT SR A 1 10 0 A SR s T T Jm 3 e AT
figk o TO Al DXATR 2 R I 1) 0 A LS B SR i

BF 5 F S 1) S 5 F 5 X 5 04 T 2% AL A 25 45
K B A5 IR 7 SRS 2 5 BODUER 8 RO 5 SR R
7 AN A AT T A AR R S B B2 IR 4% 4 R T A T
P 2 PR RETE O S LA BT B8 R R0 . DI . S
BT ] S S A9 MF SR I 4% 4 R SRS DAL G 2 R 3
SR ). DRENS 5 18 W 45 A1 7 1 19 1 22 R0 45 4
FEHESR 5 AR QW B2 I 2% 0 F 45 4 1 A 3 IR B
AR 557 28 PERE AR DE M U7 v @B R AR E 1
Z Bk .

M T L AR S e DA 2% 1 AR JRE X Rl XA
PRVERETT R W IT » 37 % e AN 5 P A9 1 52 190 44

FAAEZR BRI G AR . 7 UL AR R b B RS
AR RN AN URE RN AV K % N VS PP I AN
W R RO AR AP RE AR O 0k U 2R
IR 2 U s B E e tE R SR B TR LK
P S5 B DX S8 A % SR W 1) 42 ) e DU

1 ZRAHEENTRMEEFIER

A SCHIF S 1 % I 4 9 2 P = 2 30 < IR K
AR AL L AR A P R O AR R T R AR AR Y
(EREE R G
L1 HrRMERHERERR

A [a] B8 TF2AA T 2% i A D00 A7 B ) 45 A7 36 A S
(P REEESRE L i B AR W A B T SR U L A R
WM EEREIH AN IR 1 PR,

R1 HEMEEERR

Tab. 1 Performance levels of bridge network
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Fig. 1 Bridge network maintenance strategies optimization framework considering uncertainty
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Fig. 2 Time dependent reliability analysis process of bridge

performance during service life period
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Fig.4 Generation algorithm of minimal path set
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