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Optimal cable force sensor placement for long-span cable-stayed bridge
based on sensitivity analysis
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Abstract: At present, the layout plan of cable force sensors for cable-stayed bridges usually selects different specifications of cables and cables
with large cable forces or significant stress amplitude changes for monitoring, lacking a scientific method of cable force sensor placement.
This study proposes an optimal cable force sensor placement method for long cable-stayed bridges based on sensitivity analysis, aiming to
identify the structural damage in cable-stayed bridges. The proposed method is based on the sensitivity analysis of cable force to structural
damage, and a genetic algorithm is used to obtain the minimum number and placement position of cable force sensors that required to identify
structural damage in cable-stayed bridges. In addition, engineering experience and sensor placement habits are fully considered when
determining the initial population and constraint condition of genetic algorithm. The proposed method is applied to the numerical model of the
Yuxi River Bridge, and the optimal cable force sensor placement for cable-stayed bridges with the target of damage identification is realized.

Moreover, the influence of sensitivity threshold on the optimal placement of sensors is discussed.

Keywords: cable-stayed bridge; cable force; sensor; optimal placement; sensitivity analysis
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Fig. 1 Schematic diagram of double-tower three-span cable-stayed bridge structure

PN R YR VB SRR TP O DG i | S
S AL, (g WE DN 2R G v 1 A% R R ST R RN 4R
B R X BR A L /D, 2 O SR ) SR
o, WA B Q. OM@BAT B R I LIRS, WA 1
fiiws o L, I S2. S3., S4 il M2, M3, M4 YR
FI AL SR AR AT B B AT L4y R T ST ML R
1A% R A B B0 R A B ot R U, AT LR gt
PR T A A g B 2R T ST FT M AN 1A i 3=
R o R STRT ML AR G 185 53 3 R o X3! =
S )V FIXM = Gty ), i, ng Flny,
Sy AR R R S1 A M1 36 A5 IR 28 07 B B H

TE BRI 25 4 R WS I R Gy Rk i, oA T
BE o WU X, A% A 30 R 23 AT TR 45 R 1 45
O3 o BRI, X638 £ S O A o R in 4n 2 3R 2%

S1 sl
(x5 5

ZX?‘>OHZX}V">O (6)

s, 2 geon xs p A e s A DX e
X e A R R

2 (6) 98 S 0: 22 S1 AT M 94 V5o
3R B PR T 0, B SEB RS A 4y 0, 7 1 &
I S1 A1 M1 3570 B R I L&A .

WA, i T O e M 0T 245 4

—C
Sj

>0;j=1s2""’ﬁe (7>

2.

K () W& X X T RS H S 5, s 5 A
BRI AL AR B X RLAT UK R HZ MR T
T, AR AR R IR, R EF LR R FHL R R
PARSELT EinbiiLs g

34 ENERH

1 Ak AR A R AR Y o R o R 2 R R R
KA RS, IFH8 AT 00 25 0K, DR 3 )i
J3E R R 326 T Ve 3] 358 B 1k A AL S B
REEA o I N PR BIE L L R 2R TR
S5 2%, AT LLGE i F b R BOR A B o R 5K (4) A
(5) P F b bR BHEAT 5 e, T LIRS a8 305 1Y
I JEE PR R A

fitness = minl{leSl—iFf']m} (8)
s, IS5 R AR A S o AT 62 G 4
2, mZISl—i
Y s1-Y.

g YRR R ]nﬁjﬁiﬁlﬁirﬁ
B X (®) ml LU AL AR ECH m /NI TR 3R

—C

S,

15 29 IEfE, LAE AR K m

—C

S,




1050 & 3 T

TR % 38 %

T R S T A A SR A% R AL X G 3R
14 26 XHE 2 Ml K

AR SCHR H B R B AR R 2 T R AR R AT R
e aR LA B R N E 2 Fros o B e, s HoA
FR T A AL, 308 5 A7 BR 22 700k SR AR R R 0 % R
ERES BT RAE AR K5, i g r k1

) R AR 0 R BOME RO A, IR R Ly
S0 KA Ay AR, A SR 0 e v BT A 4 R/ T
HAY LR BCE O 0, X TR BT A LR ¥4 0 /951
A JRCHC At 26 70 458 0 SO A5 BESE 1A% Tk I 2R
A F AT LR PR R, 0 o R A B O A B e 1 Y 1 S
A E IR

RHIBT A FROTRR!

<

\

<

| bz

RID LI RIGEHEFES

<

\

Bl

[ et

REERFE TR BRI LA Z,

\

FRAGEAE PN T Z AT R B0

HoflAgbn

FITLRIET 200

FEEF L R A R AU BEAE RS

v

'

%ﬁ%ﬁ‘Zﬁf" >0 3 B PRY fitness = min

(i35 )

<

Y

<

I
B2 RS

(RS RN wrES

B2  KRESHRETREEH RIS B RE

Fig.2 Optimal placement process of the cable force sensor of long-span cable-stayed bridge based on sensitivity analysis
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