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Abstract

In response to the demand for long-term structural health monitoring of certain beam structures in
practical engineering applications, this paper proposes an online damage identification method
that relies on strain modal flexibility, its derived indicators, and support vector machine (SVM)
techniques. Experimental damage tests were conducted on beams with equal cross-sections as the
research subjects. The covariance-driven random subspace method was employed to identify the
strain modal parameters and construct damage indicators. Finally, the SVM classification algorithm
from machine learning was utilized for damage identification. A comparative evaluation of four
methods based on strain modal flexibility and its derived indicators was conducted to validate the
feasibility of the proposed approach. The results demonstrate that the damage identification method
utilizing strain modal flexibility and its derived indicators in conjunction with SVM can achieve ef-
fective damage localization in beam structures with a reduced number of experimental data sam-
ples. Among the investigated indicators, the strain modal flexibility curvature difference emerges
as the most optimal damage indicator.
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Figure 1. Diagram illustrating the fundamental principles of Support Vector Machines
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Figure 2. Schematic diagram of the basic principle of nonlinear classifiers
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Figure 3. Process of support vector machine damage location identification
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Figure 4. Experimental platform
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Figure 5. Arrangement of strain gauges and structural division
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Figure 6. Dynamic strain response signal
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Table 1. Working conditions and labels of training sample
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T LsSTH PR Fr%s
1 1 1.8 ¢ 1
2 1 54¢ 1
38 6 72¢g 6
39 6 9¢g 6
83 12 144 ¢ 12
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Table 2. Operating conditions and labels of testing sample
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1 1 36g 1
2 1 10.8 g 1
13 5 36¢g 5
14 5 108 g 5
35 12 10.8 g 12
36 12 162 ¢ 12

Table 3. Optimal parameter selection for cross-validation based on four damage indicators

3. BT MR IEFR 3 X IE R S Bk

Wifets Tz H C Gamma 1H g HERZ/%
DMF 4 0.5 89.2857
MFI 4 1 92.8571

DMFC 128 0.5 89.2857
DI 64 1 90.4762

1T R % B B(RBF) R ] B . S 8500 HAEARXENOEa £ BRI L &0, BIACSCR A mih
1% bR KU(RBF )R AQ I SR A S AL 70 A

2 3 PARANRESHAE(C 5 M BNINGFEAREIAT G, AN RENL SRR,
Ji» AE AR B SRR R AR R AR AT I B0 A B RS 45 R LA 7~10, w&%ﬂﬁﬂ:

DOI: 10.12677/met.2025.143034 360 WU TR 5


https://doi.org/10.12677/met.2025.143034

Fhk F

PEILAE 40 [AIIY, SRAINLER S 21 h i ILAPPOr Fa s, ELEHERESR. RWIRE. A BIRM F1E, DSERIR

MtEREL R, BRI 5.

12

Accuracy=91.6667% P,

BRI EIRF(33/36)

X O
o
A0
AR
AR
08 o ShluE
00 < A E
[ = q
A
o
10 20 30 40
RETR

Figure 7. Identification of damage locations for the DMF indicators
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Figure 8. Identification of damage locations for the MFI indicators
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Figure 9. Identification of damage locations for the DMFC indicators
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Figure 10. Identification of damage locations for the DI indicators
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Table 4. Misjudgment units for various injury indicators
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Table 5. Model performance of various damage indicators
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