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Identification of Cable-Stayed Bridge Damage Based on Anchor Point Vibrations
Caused by Moving Vehicle Loads and Through Machine Learning

ZENG Youyi, DU Jiarui, ZHANG Jiabin, WANG Jinhao, FAN Jirong

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

Abstract: The vibration response data on the bridge deck under the load of moving vehicles contains a wealth
of information about the geometric parameters of the bridge, enabling effective identification of structural
damage. Machine learning can extract key information from the response data and capture linear relationships
within it. Taking the Shaozhou Bridge as the research background, this study established a finite element model
for a cable-stayed bridge and applied loads from two-axle trucks with various vehicle parameters to the cable-
stayed bridge model under different small damage conditions to simulate the vibration response of the cable-
stayed bridge model under moving load. Principal component analysis (PCA) was employed for dimensionality
reduction and compression of acceleration data, and Bayesian-optimized least squares support vector machine
(BO-LSSVM) was used to analyze both damage localization and quantification of the cable-stayed bridge under
different load combinations. Additionally, in response to inaccuracies in predicting damage for multiple cables,
a method was proposed to integrate localization labels into the damage data. The results indicate that, through a
substantial amount of damage response data, the BO-LSSVM model can identify the optimal hyperparameter
combinations, effectively analyzing complex response data and monitoring cable damage levels using moving
vehicle loads. Utilizing PCA for dimensionality reduction and compression of acceleration response data
maintains predictive accuracy while enhancing the computational efficiency of machine learning, thus

conserving computational resources. Furthermore, the method of adding localization labels to multiple damage
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feature data can improve damage identification accuracy. This study provides a model reference and theoretical

basis for real-time monitoring of damage in practical engineering.

Keywords: cable-stayed bridge; vehicle-bridge coupling; vibration response; data compression; Bayesian

optimization; least squares support vector machine; damage identification
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Figure 1 Vehicle model

Rl EFEASHEREMERY

Table 1 Vehicle model parameters and their physical

significance
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Figure 2 Bridge elevation layout
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Figure 3 Finite element model of bridge
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Figure 4 Field installation of acceleration sensor
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Figure 7 Comparison of simulated and measured vibration acceleration response curves at E4 anchorage point
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ZEEH [ 0 o g O R L 45 A LR 2 ) HE AT
T BE M4 1 TR B P AT Y o PCA R 4E IS (1 5088 15 10
R B T IR 15 5 0 SRR AE , LSSV M A AL 7E 151
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Table 2 Cable damage combinations

AL R B 1 ZRALR B A
El E2 E4 El,E4 E1,E7 E1,E10 E1,E13 E1,W15 E1,W18 E1,W21 El,W24
E5 E6 E7 E4,E7 E4,E10 E4,E13 E4,W15 E4,W18 E4,W21 E4, W24 E7,E10
E9 EI0 El2  E7,EI3 E7,W15 E7,W18 E7,W21 E7,W24  EI0,E13  EIO,W15 EI0,WI8
E13 W15 W18 EI0O,W21 EI0,W24 EI3, W15 EI3,WI8 EI3, W21 EI3, W24 WI5,WI8 WI15,W2l
w2l W24 W15, W24 WIS, W21 WIS, W24 W21,W24 E1,E2 E5,E6 E9,E10 E12,E13
*3 HNERBRGHESEANR
Table 3 Composition of cable damage dataset
P55 T e ER S &t
YRR BRI 81X 6X 14X 10=68 400 9X 6X 14X 10=7 560 90X 6X 14X 10=75 600
Z IR R 81X 640X 10=194 400 9X 6X 40X 10=21 600 90X 6X 40X 10=216 000

F4 BHRGEXTREIRSINGENRABSHESZERASHTUKEEMERE

Table 4 Optimal hyperparameters of training set for each principal component under single damage mode and

localization accuracy of test set under these optimal parameters

o & AT T RS HUE
I X [
1 3 5 7 9 11
KRS g [1X10°,1X10'%] 4.4984X10°  3.4772X10°  4.9806X10°  9.9394X10°  6.797 7X10°  8.1937x10°
HESI S8 c [0,100] 5.2143X10° 8.4910X10 % 3.177 1X10 7 6.9045x10 ° 2.3920x10 ° 1.7108x10 °
1 00 e 2 HER %/ % 100 100 100 100 100 100
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Figure 10 Damage localization confusion matrix under

5th principal component
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331 #ifiE s

Fa #E LSSVM 4 26 85 80 5 4k 17 M 32 5 36 2 P R
VA 453 005 320 470 1 6, )RR 4 R 3 2 vh 2 AR B 43 B R
YA 051 B4yl A0 Fh S, 26 ) AR R B R
E1 E44i45, 2850 20K AR E1ET #1455 , LA 24
BHEEN A0 ERIIR E12. E138165 . 454 40F4H
A F I 216 0004 PCA FE4a 8 dls ke AR ME 1T 40 28, &0
DU P AR S5 % R S 05 AR T S 80N i i S 50l
BN 6 FT 7R, B4 2 0 45 B AN 3% 6 R 43 5 47 45
TRIBEFEME 1L FIR . 45 R R0 20 0 b a4
F B3 T A RE AR TR A% pRB0S B0 B A oy A AE 1K<
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Table 5 Optimal hyperparameters of training set for each principal component under single damage mode and

root mean square error of damage quantification in test set under these optimal parameters

# R P RES A S

U gE| Fk X 1]
1 3 5 7 9 11
BB [1X10°,1Xx10%]  9.998 510" 2.702 310"  4.518 210" 2.680 710" 1.186 310" 1.079 310"
28 e [0,100] 23.143 10.379 1.7116 1.007 4 4.469 4 5.5119
PR YR/ % 0.059 8 0.055 4 0.062 0 0.060 1 0.057 6 0.055 6

x6 ZHRGEATEIRNNEENERESBESZERASHETMNXEEMERE
Table 6 Optimal hyperparameters of training set for each principal component under multi-damage
mode and localization accuracy of test set under these optimal parameters

LRI T RS A A

WH X 1]

1 3

5 7 9 11

ERE S g 9.831 7X 10°

AR HE ¢

[1X10%,1x10"]

[0,100] 0.002 727

9.958 1 10°
0.008 058 5

9.953 3% 10°
0.003 002

9.295 2> 10°
0.002 491

5.6726X10°  6.732 5% 10°

0.003 051 0.004 255

0407 1 W%/ % 99.954 99.861

99.861 99.768 100.000 99.907

100.0%)

100.0%
ey

96.3%] 3.7%

98.1%] 1.9%

100.0%)
100.0%)

100.0%)
100.0%)
100.0%
100.0%|

100.0%)

100.0%)

100.0%
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Figure 11 Partial multi-damage localization confusion matrix under Sth principal component
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BEXE 40 B Z B0 A G T 0 s 45 B A i
LSSVM Z fi th £ &Y 78 81 51 i 72 b & 3 ¥ 216
000 A Fi 4 £ 98 i A AL 45 2 2 BERL 5050 45 2 4n
B11 R, BT A ) 22 AR 4 45 2 0 3 2l e B 22
] £ 76 0 2 9 A OC 1, B 2 AR B R W) B 32 &
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it 0 R AE 23 18] LB AR T 07 Y G B R
fifi LSSVM fiE % B A7 % M X 40 A [] 26 78 i A % 1)
PLR B o BN JE A T Y 85 T 5 2R n 5% 7
FE 12 13 iR, X F 25 G 1 & AL fE B As 2 0 5
A B0 R b Be A 3 4R O A v L B
A Y R BT A% RS RO e A (E S A
T 1X109~1X10", & 5 2 By & L AE o i T
0.1~10, 78 fe A B R T 25 & % 2 3 1 A 20y i
1 2 B F
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Table 7 Optimal hyperparameters of training set for each principal component under multi-damage mode

and root mean square error of damage quantification in test set under these optimal parameters

FEWIY P RS RS

mH T X 1]
1 3 5 7 9 11
o ‘, s 9.119 1 1.0157 9.127 1 9.6959 9.9834 4.146 8
BIRESHg DA DAT 10 X 10" X 10" x 10" X 10" X 10"
B S8 [0,100] 2.091 4 0.2334 0.806 3 0.693 4 1.4235 1.186 1
L1 iR/ % 0.4258 0.268 5 0.289 6 0.549 1 0.269 8 0.304 4
L1 iR/ % 1.629 6 1.4736 1.5105 1.518 2 1.5815 1.5355
L2 iR 2E/ % 0.424 9 0.269 9 0.2855 0.3437 0.268 3 0.294 1
L2 Wik 22/ % 1.6315 1.4755 1.5121 1.5224 1.579 2 1.540 2
FLAVRPR LU R 1 5 PR, QRGN 2 7 A5 2 B o
2.00 . . . 2.00 . . .
L7s) st R A Bcdl | 175 st IR i Bt |
: o TR N & b 45 : . TR N & o7 b 25
1.50¢ = 1 ] B 1.50¢ M =
1.25¢ . 125t
N =
= 1001 % 1.00f
: 9
=075 0.75+
0.50 | 0.50t
025} 1 025} W W
0 0

PCA

E12 HSGHZRIEBNERS TRUHAFTRIEREE
Figure 12 Root mean square error of prediction for

damage cable 1 under each principal component
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Figure 13 Root mean square error of prediction for

damage cable 2 under each principal component
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