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Abstract  The identification of structural internal defects is an important research content of structural health
monitoring. At present, the structural safety inspection based on non-destructive testing mainly focuses on qualitative
analysis, so it is difficult to identify the scale of defects quantitatively. In this paper, an inversion model is proposed by
combing the scaled boundary finite element methods (SBFEM) and deep learning. The identification of crack-like defects
can be performed in structures based on the feedback signal of Lamb wave propagation. By randomly generating defect
information, i.e. position and size, the SBFEM can be used to simulate the signal propagation process of Lamb wave in
structures with defects. The SBFEM only needs to discretize the structure boundary, which can minimize the re-meshing
process and greatly improve the computational efficiency. When Lamb wave propagates in a cracked structure, the
feedback signal of the observation point can reflect crack information. Based on this characteristic, enough training data

reflecting the characteristics of the problem can be provided for the deep learning model. The proposed defect inversion
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model avoids the iterative process of minimizing the objective function of the traditional inverse problems, and greatly

reduces the computational cost on the premise of ensuring accuracy. Numerical examples of plates with single and

multiple cracks are analyzed. The results show that the defect identification model can accurately quantify the defects in

the structure. It also has a good identification effect for shallow cracks. The model also shows robustness to the noisy

signal model.

Key words non-destructive testing, scaled boundary finite element methods, deep learning, inverse problems, defect

identification, crack
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Table 1 Parameters of convolution neural network model

Parameter Value
input layer size 2000 x 3000 x 1
convolution layer number 3
convolution kernel size 5x1
number of pooling layers 3
pooled core size 3x1]
number of fully connected layers 2
optimizer RMSprop
optimizer learning rate 0.000 1
number of batches 18
maximum number of iterations 24
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Table 2 Inversion results and errors of single crack

Identified parameters True results Identified results Error /%

X¢/mm 90 90.021 0.023
/(%) 25 2.495 0.200
d/mm 1 0.961 3.900
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Fig. 12 Inversion results of multi crack on test sets (continued)
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Table 4 Inversion results and errors of multi cracks with different training samples

Number of training samples

Identified parameters True results

1000 Error /% 1250 Error /% 1500 Error /% 2000 Error /%
Xc1/mm 61.200 59.899 2.126 61.479 0.456 61.287 0.142 61.277 0.126
crack 1 a1/(®) 2.500 2.529 1.160 2.504 0.160 2.504 0.160 2.501 0.040
di/mm 1.000 0.917 8.300 0.920 8.000 0.984 1.600 0.995 0.500
Xc2/mm 133.200 132.243 0.718 131.777 1.068 133.358 0.119 133.137 0.047
crack 2 a@2/(°) 2.000 2.533 26.650 2518 25.900 2.055 2.750 2.063 3.150
dr/mm 0.800 0.733 8.375 0.724 9.500 0.824 3.000 0.780 2.500
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Table 5 Inversion results with 5% noise
Identified parameters True results  Identified results  Error/%
X1 /mm 61.200 61.813 1.002
crack 1 a1/(°) 2.500 2.453 1.880
di/mm 1.000 0.972 2.800
X2 /mm 133.200 132.881 0.239
crack 2 a/(°) 2.000 2.160 8.000
d>/mm 0.800 0.780 2.500
&6 3IN10% EERRESER
Table 6 Inversion results with 10% noise
Identified parameters True results  Identified results  Error/%
Xc1/mm 61.200 61.992 1.294
crack 1 a1/(®) 2.500 2.597 3.880
di/mm 1.000 0.925 7.500
Xc2/mm 133.200 132.424 0.583
crack 2 @2/(°) 2.000 2.407 20.350
d>/mm 0.800 0.718 10.250
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