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Research on Optimal Layout of Continuous Beam
Bridge Health Monitoring Sensor Based
on Improved PSO Algorithm
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Abstract;In order to propose an improved PSO algorithm which will improve the accuracy of
optimization results and solve the problem of unreasonable placement of health monitoring sensors
for continuous beam bridges, particle swarm optimization ( PSO) algorithm with different linear
decreasing strategies is studied. The linear differential decreasing PSO algorithm is improved from
typical linear decreasing PSO algorithm by using linear differential reduction strategy, which can
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decrease the rate of the lessening of particle swarm inertial weight reasonably. The effect of
improved particle swarm optimization (PSO) algorithm on optimal sensor placement is verified by
the results of engineering examples. Compared with the sensor layout scheme without the improved
PSO algorithm, the mean applicability of the optimized sensor layout under the improved PSO
algorithm is reduced by 27. 0% ,the maximum difference of the applicability is reduced by 0. 019 3,
and the mean root-mean-square value under the modal confidence criterion is reduced by 0. 003 3.
The results show that the improved PSO algorithm is more suitable for optimal placement of the
sensor. Optimized sensor layout of scheme used of the improved PSO algorithm will render
monitoring data of continuous beam bridges stronger adaptability and stability. It has higher value
to work for bridge health monitoring in the relevant solution, and provides new ideas and new

programs in the future.

Key words: PSO algorithm ; sensor layout; continuous beam bridge ; bridge health monitoring
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LR 2 38 ok SR W - B AR SA LE TAR Bk
FREADH T TEREA Iri I, M2 & R H
Bek 3 PSO 32 b ok B i3 PSO 3% B Jin

2 AR A AT B AR 1 S R
i R 000 g 1

2.1 EHEXRER

A R FE R (70 + 110 + 110 +
70) m (YRR 2 AT, 23R TN TR
LA, AR ARl ] C50 TR Bk -, K
FRTIN 7 IRE + AR BEAE T, AR R AR IR
F& 7.5 m, B AR 0. 18 m, BB AR R
0.9 m, BAIETE 16.5 m, HF i 8 5 3 228 M

BB 2% B, TPESES PR 3 m, B
L5 WAL, S IBR S N 3 m 5§
o PR BT SR WA 1 PR,

B
r r 360 000

70 000 110 000 110000 170 000

>

(a)&EM L E

A3iE [ 2000
ATEE | 12000
@ it T

p===

il AR ML@
it TEE 2000
(b)FE AP HE B
A B8
39000
; 16500 ‘6_0_0_(? 16500 ;
A d | L /
T
%
1 &

B1 BrREOE
Fig.1 Conceptual design of the bridge



1076 WHERKESMARBFR) 938 &

2.2 BREISERBEHAENSHE ROER 2 B o R AT TR R E T T
P ol i) AL F Midas/Civil 2 —3  FERIT#RIIE & A b b s — A
B REM LB RE 3 i3 e, BART S 5 DL R b L s i
AT IS AT R A5 R R e A e (AT B AN 3 &l 4 R, #i4lE Midas/Civil 4K
P& SEPRIE O, TH A RS, B MR AR S B R A P R,
{f FH Midas/Civil RXPEBIHATH, 2R GRS A0 B AL E ST PN, 6 (2 1R 4%
FHZERTTHEA TR R 50 A 131 N5 88, NSRS H . AN 2SS RN 40, 456
A 130 AN FEHTT  BIRZERLNE 2 PR, MATLAB Zwe 34 , B XA 32 1 188 ) 3 B5 1%
R T RS R B R L B AR B A T
FARIER T4 0 R 1 8 R, X O K

aup; ‘f “r,.‘.‘w-‘v ngagg e

(LIS I

Sy e e = o B

B2 AL
Fig.2 Geometric model of the bridge

A B 360 000
I 70000 ; 10000 : 110000 70000 ]

B C
B3 ERER B i

Fig.3 Overall segmental condition of the main girder

A B
1 5 10 15 20 25 30 35 40 45 |47
EENERERERR AR EERE————
A B
()ERABRGEB I ESH S
B C
47 50 55 60 65 10 75 80 85
B C
(L) EFBCERLEBIMEG S
c D
85 90 95 100 105 110 115 120 125 130[131
HEERERIINIEN
C D
() ERCDEAA MBI EH S

B4 R s B
Fig. 4 The position numbers of sensor candidate for main girder
RIS B 12 nl T Z5A A R A SR 5 PR I P 5 T R R T, S 3
MERUE N —dIEAZ i, (HUR il TARGERE IR B S5 R E AR & B2 51
/N T AR A RS T 2 B R w2 (R A S AR N 2 BE B



5 6 1]

B R 4 T G PSO Bk 1A TE S SR ft e s 0 A TR DL A A AT 1077

B, T AL UE A o I AR IO 45 B U A
APRBYIEA BRI 23 [ 22 £, DT DR IE 3R IR
SRR AT REZ MBIRIE R . B EAS R EN
(Modal Assurance Criteron, MAC) " =2 2]
PERS MR Z (B 22 M 1 — R A s i XL e
AT LA S5 1) B A AR PR BT
MAC JE [ k50
(¢ -¢)°

MAC”:(saiT'tpi)'(sof-so,)' =2
L, W | YRR &, 0, A5 j TR
] & , MAC HiFFE R A AEXT TR TE[0,1]
o MITZEMmE T 1 AT A A A
] A DG PE B | T 5 (R B S ;>
JUE AT 0 B, 278 AT R Y A 552 1)
ST MERRGE  IrEE Y 0 (5 B E & A
SRS B E " K%M
7 B AR PR BT B 4 FREE X M o 2R e K ME
VERVEAN BAR, DL o 38 1y B PR .

fune = MAX{MAC,} ,i#]. (4)

BHM H#5 R 55 MAC H 5 pR % [H B
FETERT X FAREE AL ™= AR RS2 ), DR I 28
HETRE WA Hir kS d i z 8
PREREINA(5) B, Ho, fuae WS EAR
JEEVEN B BRI g 1 A58 25 BE 1 U H A
PREG 0 AL, 7E Lt R, MAC B s
PRAGE T FAEH , BHM H b pR FIGE 1 5 AR S
REVEHT .

Sunc - = Of g + (1 = @) fpac- (5)

iH 1 Midas/Civil A7 BRICH ARG 2] T 3
REEHE RS M BRI | 256 22 H A R BRORT
WO S R S AT A B AT, A A N
T TR AL R ) (B I AR SR AR A T A A
B A LSO R 5 A R A
R, AR S A B H 5 MAC
XATCR KM A& nE 5 s,

Pl i B AR T Wi A, 24 A D
T 16 A8, MAC HE X} # T 2 fie KAH KR B
TR, 24 ERT 16 N8, MAC JEX o0
R KA RIER/NT 0. 1, iiZ#a T 722

20 40 60 80
B A

B5 RIS AITR Lk

Fig.5 Change curve of the maximum

100 120 140

off-diagonal element
FWTE R0 22 0 5 1] AL bR AR AR e A R
UEIT I 9] ) 28 1) (37 % A% TR e BEAR A 1 i
BERT 16 A, 32 H B 3 e S ECE T 16 4,
SIZEFERAT AT AR A

3 LTk PSO Bk Y L R e
Ak A B RS My

PSS B B2 VE DU ( MAC) AR S 365 )i
JEE pRIER, 3 o) 368 3k A i P SRR 1 R A i
77 A ST L P 356 Dok R MR 1 Bk (R ik
2 PSO B 5 FH e L7 e A i i 7 =X
ARV 53 138 Ul SR W - AHE S0 (2 idE PSO
Bk ) WAL I A IR IR AT 10 TS O
F) M B DA IO JBE L |- 42 365 O B8 L an 6 4 e
N RIT BB MAC ¥1J7 R angk 5
o HHGS 1 ~10 AR ME PSO 57k %
R G05 11 ~20 it PSO HiL4 R,

&4 Rk PSO F ik Gt PSO BILITH
IV RE{H
Table 4 The comparison of fitness values between
the unimproved PSO algorithm and the
improved PSO algorithm

: o aMh .
Sk BRAR awE mmE
e

PSO i i 6 0.111 0.138
Wit

PSO i3 5 0. 082 0. 101




1078 WHERKESMARBFR)

%38 %

RS Rk PSO Bk 5 MM PSO SRkt 4R
MAC #4757 #
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4 0.019 14 0.018
5 0.017 15 0.016
6 0. 021 16 0.014
7 0. 022 17 0.015
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10 0.019 20 0.016
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