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System Reliability Analysis on the Cable-stayed Bridge Considering
Cable Breakage and Resistance Degradation

YAN Banfu',SUN Yanfeng ,ZOU Qiqi

(College of Civil Engineering, Hunan University,Changsha 410082 ,China)

Abstract: The is paper employed the stage critical strength-considered branch-bound method to explore
the major failure mode of a cable-stayed bridge, and investigated the variations of major failure mode and
system reliability in the cases of cable breakage and resistance deterioration. The study indicates that,in the
case of without cable breakage, the correlation among the major failure modes of the structure is high,
while the correlation appears to clear grouping characteristics in the case of a sudden failure of a cable. The
system reliability decreased with the resistance deterioration of the cable. Moreover, the remaining
structural system reliability indices decreased remarkably in the case of the breakage of the outside cable,
and the dominant cable that has the greatest impact on the system reliability was captured to guide the fur-
ther structural design.

Key words: cable-stayed bridge; cable breakage; system reliability; branch-bound method;

failure mode

RHLE R 8 254 . HLBOTH 22 il A Rt 0L L A el L K R AR R K 5 i i - A
TURFER R iR R — A 5 R R BRI R JRECRE ) T e B 0 W RAEHF 2
RCALRARANT I FZZ T A 5 Z 2055 . S5 7™ A i el 7 00T R 5 1 A B AN 1R B2 1 ik

»  WHE HHA:2016-07-29
MEES: [HE [ RFIEI 4 W H (51578227) , National Natural Science Foundation of China(51578227)
BB 2PER (1972 B IR A KT W g K2R w2, 1+
Tl iREE & A . E-mail: yanbanfu@hnu.edu.cn



%9

PRI 5 BRI R0 S W ) AR T Sk 0B 11

BB R R A R R e
A BT RG] T

SEAE 2G5 0T A R S A TR P N R R T
Moses 1] 37 (4 b7 FH 45 46 22 46 1) A 5 20 B i BR
R FR s 5 - Frangopol 5650 %t HAR MR 92 T#E K
PR Ge ] 5 B BB A58 1 H 28 40 o] 52 B 76 60 4% i
RS PN A S DR A 4R T — P S AT S S
SR 5 W 4 45 R TR S e 4 ) S B R R B O 1
Deng 2 It 7 17 77 TR %58 + 205 76 ol 3 faf 280 /6
TR ARG A SRR AT T AR T3 A 7% 5 X
LI R 4540 2R G0 T SR PE AT TR AR L 2 T
G JRy 3 -2 I WA 2R T RE A Bk RHRAT #E 57
Tt BN T 1 F2 B e 5, X A e M A R
GEnlSEREIEAT T T B SR T OB
PR RN ZE R 1) R G 98 57 W] St 3 AT vk FF il T
FF Monte Carlo 52 i v] 5& ¥ 40 #7 72 )% 5 Yan'™
PEH T — AL BERLE 1 PR A AE S . 1 SE
FE P TR for s A 2 0 K AR L SR 5 PEA R
AL R IR 1T 5 SRR G150 355 A A 2R 5 X e 28 2610 AR
YA B R R G v AL ik 4R T — b
UL T % » 5 H R I F 25038 AR 22 40 T 52 BT A

AR SR F B B S 5 3 o - 24 S 3000 S — Jag
RIPIAAE R HEAT A 8 L 2R 2 5 I 1 3 B 4k s
G R TR R ] 1A S Pk K R GE i AT 4
JE IO MR R BT 77 T8 00T 45 ¥ 22 0 ] S I R
M) [ TR R R A R A E AN [ BT R 1B T2 T I &R
I

1 FHERPRIRAEER

L1 KERISRE S -5 %

I Bl J 568 J3E 00240 SR i Je T A G 3k 19
— il Jc R AR SR AT AR < o AN BT
2ﬂﬁj@ﬂ@é§1‘@§\éﬁ¢' K Ty aﬂﬂéj\:(kfl)/l\ﬁ
TCEAHGR IR B B0 2R O X IO ) 45 440 2 G fif
BIG RN T 0000 AFLD S AFD S AFD S
WAk BB R IC i [y € (15240000
e (risryseerar ﬂEI’J{f?I?’F%E%@%ﬁDT 4
BRSO THRS T BUS A B R B ) s D) TR
k BB re BARGRIE s O THEES R BrBE RSB
Bl S R, s )45 E B2 SR VR AL
f L HT.

Horp 5 b B BoMIIF e IOARGRE R TSR
LU

k—1
JR;? :er/:‘k —1, X Eag AFii)mri
i—1
R @D
Gy i o 13
IAF” T AW o1, _blgnl:ark ]

Tk

& RN SRR ;I\:k /I\EAJT‘DE*Hé%%&ﬁ?EEE
TR Y R0 & WM BR CRREAR 22 /K380 , H: T
BRI S5 R G N2 R AT R IR R

I ) )
R ar, 0 0 AF
I, M @ @
R m, a, ar, 0 AF):
I M @ ... ) )
R m, a,;’ M. a ar, AF

(2)
HARLAER & [ BERGUI B BLlh SR R, A -

k—1
R®, =AF® + > AFYm, =m® AF®
i=1

AF® =[AF ,AF 2 -, AF® T
m® :[m,l Sy 5t M, 1]
(3)
KD~ R NHRTT r, WKL RE
(FLRHTTE I HAI 5K T1) sm,, M RHEFEZSEL
MRALHTE vyt FAR YA M A R AL s, =15
MRAHATC vyl FRARME MRS BL L BN s, =0,
IR BB B A5 R A -2 Bk S T
I LG I S L 806 45 A 55 W B8/ N R AT SR 45 ) 1 T
SEPEST AT TR RO A TR A Y 52 ) R AR
IS IR, PR AR 32 FAZ T 15 70 B il R 46 A0 R 458
AT B 75 %o S ABGEE > 7r CaE  2 ETE 2R 1 5
B 2544 11 R G 1 I8l A2 fn = () iRt

R a” 0 e 0 AF( G
R! m, a” a®” e 0 AF® G

- + (€Y)
R} m,a’ m,a® o oa® AF® G

AR RY =A,AFY + GV 5.
Ay BRI SOMBFE . EAPI R R 2L A,
HFEAL " TG
AF(k) :ATI (R(f) 7G(}e)) (6)
WIER & BrBEAR SR BBl 5 B2 an =0 (5)
R(]z) :AF@) + iAF(z)m :m(k)AFUe) —
$:7k Tk g 8| T
m(k)Alei’“) 7m<}e>A;1G(k) —
k
DIdERE —diPg (6)

i=1
GV NG ke B BUE AR vy w7 A R A 2K
iﬁ@; d((;k) — m(k)m(k)A;lG(k)/g ; G(k) — [Gil) R



12 R 72 4R CA SRR RO

2017 4

G2y GlY ]

5 BRI R SR o il D IR
k WY BERGE RN TT s

R =min[ R (s’r), ]

{R & < aR G

XFLRSE e WYHEIH R &, X T B B
Ik L 588 53 -2 S U HC5 A B IXC ) oy 1<
cr 2P,
1.2 RyEAERRRE

S5 ZR GEAEAE 138 A0 O 0T e A R BURR R R
Rl AR v, HOA BR oA AU R AR A G R 2R UfE B
W BT RIVRE A 25 201 B A B A BROTRE Y,
[ 0 5 2 A PR O 53 435 R A A 3 R e X4
RRF U AR SCR ] ANSYS #9 APDL i85 25
AR AE AT MATLAB 2 il 27 e 5 P 2 st =X,
HRFA, E 1 PR,

[ANsYsE AR |

D

[irsameemma g |

FEHPRE N REGR A EIMATLAB
TR BOR A RS TR

TRRUR R BT

[ ot Ak o |

(AR, Bya R

LY
RBRK
=2

R DB

A1l kX EARE

Fig.1 Searching flowchart of failure mode
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Tab.1 Material and geometrical properties of girder,tower and cables
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Tab.2 Searching result of the major failure modes
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