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Abstract; This integrated study aims to provide a novel performance evaluation algorithm for double-
layer arch-truss girder composite bridges based on an improved PCA-K-means-feature analysis method,
and to apply it to the performance evaluation of cable-stayed systems in the maintenance phase based on
safety monitoring. This algorithm mainly includes monitoring data collection, pre-processing of heteroge-
neous data from multiple sources, determination of key factors, improvement of K-means cluster analy-
sis, determination of target thresholds, and performance evaluation based on eigenvalue analysis. By

collecting bridge performance monitoring data, cleaning these data, and then using the cubic spline in-
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terpolation method to preprocess multi-source heterogeneous data. Determine key factors based on prin-

cipal component analysis and classify performance parameter data into three categories using an im-

proved K-means cluster method. Then, based on the finite element calculation results, the target

threshold for the mechanical performance state of the measurement point corresponding to the measure-

ment point position is determined. The performance state of the bridge is evaluated by comparing the ex-

tracted feature values such as mean and variance with the target threshold. Validate the method through

examples and provide suggestions for practical applications and future research directions. Research has

shown that the improved K-means cluster method can improve the accuracy and reliability of clustering

analysis. Based on the improved PCA-K means cluster feature analysis method, the performance status

of bridge structures can be evaluated.

Key words: arch-girder combination bridge ; target threshold; principal component analysis; K-means

algorithm ; performance assessment; data preprocessing
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Tab. 1 Calculation process of PCA method
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Tab. 2 Calculation process of the improved K-means cluster algorithm
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Tab. 3 Calculation process of threshold determination of the ultimate bearing capacity of components
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Fig. 1 Overall framework diagram

LA b, B SR B 5 T RO A S R
AR FNAS DU A5 2, 5 22 V6 5 4 50 4 70 Ak 1 3 2 )
T Ao AR B AT 3 B R AL T, DA 2 [ M
SR A B IAR ; S HE R 71 2 £ 220 PCA Tk
N TIAR B3 18 50 v i B 8 5 ) R A Sy G
P75 e atE K359 5 28 43 I 32 B0 AR 40 i B
fiE, W K S50 RSO3 DR A 2 B 4 7 2 3
AN BRI, L) i FLAE M S P R VA v A o
B PR RN A0 5 B A R P B E IR T A R OT
T8 S a2 I 0 BT 6 L A T s g =

ARy AR ; 5 TR A 20 BT 69 1k RE DA
F L A AR B A S UE SR H A B A
17 HOBE, VPSR B PR REAR A 5 i J e i 552 7] B i
JITH B 7 0k I G S PR I T AR SR T 5T 7 1)
AL

2 EHISH

2.1 MBI
2011 MNAR AR A A

ARG VA— AL T AR A8 W RUZ A AT AR 2
BUR A A R AT 32 LIRSS M VR M RSx4, LA
2(a) ,ZMFHTHABE R A 150 m, BEFF ) b 3247
BRI R IRIEE A 37.3 m, I F EMPLLRmEN
910 m ARETT RN 10. 6 m, HEAHZE R ik
WL R 174, BRI 254 Rk ) E 28 =
IR -+ o P REVREE 1 + TR 2 & & T B TR
BRI EMAGIEA, HHE 22 AT,
BATEIAR L5 241k 2xPEST-91, 22 18 Al 45 & HE i
5 E:MZ B ETS A 11X,

2 N = v TN o TR SO o S o P 1)
et BRE W 28 9 ) = S A A 2 Sy 4 A | B 85
S b DAL S R R w1 IR DB g S I AN =
PEEMMFFRIIE ) AN E ST R A
W[5, RO 337 2 266 ) A% Sk 2 3 A 4 iy A% A% ke
AR AR RS B B AR W3R 4,
1 A3 1o 2 2 AE M 2 i vh o T A M 7 S8l R R
RGEMKPHRBAL L R G- T AL A b H
2.1.2 MRS FROTHH

ARSI 42 R ] midas Civil 2021 #fF8r 4
FROTAAY , AORME B 0 T, MAT Sk i B R
1.9x10° MPa 157,44 B IRGRBESFL £, 1 670 MPa,
W BRITIIIR 5L £ K 1 770 MPa, MR H
it AR B S f, Ry 345 MPa, B BR 0 B 38 3 45 4
£, 490 MPa' "' iy Q345qD A1RE, HEAN Y4 5 &
PETHR 73 2R I IR5R BE S5 21 f, 24 345 MPa , #R R4
FIBR RS £ o0 490 MPa (1) Q345¢D #4 K ; i HE
VU3 JE 0 48 T R P i I B8 55 2%, f, A 420 MIPa,
W BRTHISR HE 24 £, 540 MPa'" i) Q4204D #F
BE, X =FPE T #R AT Von Mises X5
AR AR Lt R, BT ISR Ty I, HE AR 4 A
FAMTFF 2R FH 32 T A7 5L, T 7 A DU SR A A
ZHMTARRITHA TR, TR ER-ELR
SYME D5V it Jon A 28K, EG 7 s e BT S =R
SRRV T T, B G SRR T T AT S HE I A 32 i



514

FSER R T PCA-K BRI AF R LAk AT AR R 2 5 (R R P BE VP A 13

-

. o O J ”'
4'“l <21 N\
VAl VA Sy N
)/

AL

¥ ;ﬁ"@z_‘éﬁgjg‘t’:‘

*Kﬁﬁﬁigﬂﬁ?s
(0) SO RAIE

P 2 AT S B A e A1 A FROT R 7 B T

Fig. 2 Schematic diagram of sensor layout and finite element model for testing bridge instances
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Tab. 4 Sensor placement, quantity and code installed in the test bridge
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Fig. 3 Actual measurement data of sensor measuring points on components during the testing period
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Fig. 4 Schematic diagram of preprocessing of heterogeneous

multisource monitoring data for arch rib sections
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Fig. 7 Performance characteristics analysis results of structural component based on improved

K-means cluster algorithm during the experimental period
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