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Maintenance strategy analysis of stay cables based on reliability and cost

optimization

ZHENG Ming, DAI Lizhao, WANG Lei

(School of Civil and Environmental Engineering, Changsha University of Science & Technology, Changsha 410114,
China)

Abstract: [Purposes] The maintenance plan of the stay cables should be proposed by weighing
decisions from various perspectives, in order to make the best use of limited resources to obtain the
optimal maintenance effect and ensure a safe in-service operation.[ Methods] Based on the resistance
degradation model of stay cables, the time-varying reliability during the service period was analyzed.
The reliability of the target was taken as the basic constraint. The cumulative failure probability and
maintenance economic cost of the stay cable were expected to be minimized during the service period.
Based on the preventive maintenance and necessary maintenance, a combined model of maintenance
strategies for stay cables was established. The model was solved and analyzed by the non-dominant
ranking genetic algorithm (non-dominated sorting genetic algorithm II, NSGA-II). By approximating
the ideal solution decision, the optimal maintenance scheme was obtained from the selection of a large
number of non-dominant solutions. [Findings] Compared with the necessary maintenance alone, the

combination maintenance strategy formed by appropriate preventive maintenance activities significantly
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reduces the reliability degradation rate of stay cable components, saving 7.4% maintenance cost.

[Conclusions] The results show that the time-varying reliability of the stay cable can be calculated and

analyzed with the established cable resistance degradation model. This provides a performance index

basis for the optimization of the stay cable maintenance strategy. The comprehensive balance between

maintenance effect and economic cost is realized through the combined maintenance strategy of the stay

cable. The reasonable time arrangement for the implementation of preventive maintenance activities can

reduce the times of the necessary maintenance, save a large amount of maintenance costs while meeting

the performance requirements.

Key words: stay cable component; time-varying reliability; combined maintenance strategy; multi-

objective optimization
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Fig. 1 Corrosion process differences of stay cable wires
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Fig. 2 Cross-sectional geometry of corrosion damaged stay

cable wires

1) SR BH 22 4 0 T 0 LTI 5 4 )
ST, B 55 7 A (LSO E a, < [0, 0.3D,)
BF 5N 22 A SSGIRT TR AR @, P 2R7R R

a

D

— 2 2 —
Yo = Ay = X, %, =

1TD2 Ya
Qresidual = 4 - ZJO N aci2 - 9’2 dy - (2)
2JLD(e - JD: - 4y2 J
Y

0 2

2) RN RN 224507 BT G B LA 253
B RS, B2 a, € [0.3D,,0.55D )t a0, T2
IRA

B —-alD, + aJa?De + 4b" - dalb’
2(1)2 - a?)

2
ya:/\/Dexa_xi;b:af 1_%

wD? “al
aresidual: 4—2JOT{ bZ_yzdy_
wD. -/ D? — 4y?
2 f TN T gy 4 < 05D,

0 2

@ pegiqual = 2J 2 dy -
0

Yo g2
2j %Jbz - y*dy

0

3) YRHL W L2 4505 S 1 LB 255

HER B a, € [0.55D,, D, 1, a4, 0,0 RN A -

g = 7;0[17173 arccos( Za‘g D. )} -
’ (4)

De
(af - 2)«/ aD, - a?

X TR , B 22 145 1 W 241 AU
HURHZR R o P, R R B IR A s B
AR A AT R W 7 BT A 9 22 ) A 28T T

(3)

x, > 0.5D,

114 &A% W 1k https: //jtkxygc. csust. edu. cn/jtkxyge/home



%148

#4, 5 R T T SR A RAAARAL R B R eSSk AT

FEAE 0 B ] 45 20 3 A RHLR B9 RO T FRA, o

A1 FHARNRL 2 A 2500 T T R A A2 A6 A A X 4T
F1IRA I BENL FE AT RAE MR REH DU 5
VIR T B DI RE R AR LA ZRIA R

Z(t) = a(t)R, - S(1) (5)
AP ia(e) APt IR AL B AR 52 0 R 2 R, M 25 44 9]
G207 55 (¢) ARHL R B9 VR RN 72

FEME T R R W DI BE sREUS | A8 SCRR 8 SCHik
L13 ]I — IR W R AL R I AR AT RERE

2 PR RASHERE

2.1 RHNRASHERERHIL

S5 AR 1 2 A8 TR S 32 5 TR R B I [ M
AAEREPA I . RIGHEAE 5 MR A TR,
AL 6 2 45 g LB M 4 1 1 3 (preventive
maintenance, PM) Fl & 32 4 4 & 15 30 (necessary
maintenance, EM) . H I, 3& T X AP 4EA& 16 3l 09 41
B Y e C AR S80S, H R i 7 5 ) 2 4
&SRB o 2 — A5 30z N A

AR SCHE T A% ok R e ) R A A TR s AT R Ay
RHL R B G AEAE TR | BITE A [a] (0 e i) AR 4 A0
PR A IRABOIR R B[R] 9 - A8 1 Bl < TR R R

SUCHIT , A 55 S 1) a5 R BT T7 1k 24 A 05 30, T 4
8 — 1) N [ [ o S 390 592 Wt T 9 1 4 168 16 8 5 £
AN TR) AR R SR RO 37 BRSO EEME 4R B 1 5
TR T — R T PEARAE 5 S (4 St s [ o 4 it
T30, HRERHLR IR LA, BRI 3 PR
22 HfEREMREITM

TE AR UCR HUAE 16 35 2l e R R % Ve RERY 2
AR AT S BE SR Aol A B . TE RHAL B IR B
B, v S it 1) 24 A SR D SR BB T A, U P A
A T S5 R T B A A e LA DT Ak 8 A 248 SR s 114
LATERE. NI, AR SOR RH R IR B B fi 2 4k
1B )i 1 SRR SEME A A Al 4B S 1) 22 2= VR RE

St — B Y AEIB 16 S5 , RHLR 19 AT 5L
B (1) 27 , TR B IRAEAFEBR , 05 A AR A% 40
EEENENDE YAPR ¢/ e IV VSE

P, = f:ﬁ(t)dt (6)

R g R BCTHE B 1 2 A 45 5l 4 445 Tt A AR ]
HBEI/INRHI 28T 52 5 1 1R A0 A 5 i 2R 4R B
AR AR R A 5 25 R 2 ] S AR A
AR A AR n] 58 S5 M SRS 2 A T b BEVE RS, 2 )5
FHL R A AT SE B AR PR IR BRI IR K o R IAE 1B
% Bl e R (4 1] SEE SRR AN P 4 077 o

TR A A0 3 BB ) EE AT B
S (PM) A (EM) 7 (EM) MR
@ @ *—© @ ®*— -
Tow. Towa + T, Ty, + 2T, T Toy.» Toy, + Ty, Ty Toy.: Toy, + Ty,
e e » >
TR L4 fiilop e 373 TR LS fillpeFias
JAWIT, JA T, JAT,, JAB T,

T Ty, SRISH i 5505 — YTy LA R ] 5 T, Ry 585 i 5 S0 T00005 M 20 6 0 T G5 T S 505 4 B R P K280 i i 52

3 Ak Rt SR s Rk

Fig. 3 Process-oriented maintenance strategy of in-service stay cables
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Fig. 8 Optimization target values of different strategies
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