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Abstract: The effects of bonding layer defects on ultrasonic detection signals of bonded steel reinforced struc-
tures were deeply studied and a new method for the bonding layer defect identification based on machine learn-
ing was proposed. Firstly, based on the direct contact pulse-echo reflection method, the finite element simula-
tion of the viscous steel member was carried out, and the propagation law of ultrasonic waves in the viscous
steel member was expounded. Secondly, the characteristics of local ultrasonic echo signals and related signals
were analyzed, and the effects of different defect variables on ultrasonic echo signals were discussed. Finally,

the ultrasonic time-history response data set of the adhesive steel member was established, and the classifica-
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tion and recognition performances of different machine learning models for the size and location of defects were
compared, and the defect identification method for the adhesive layer of the bonded steel member was built.
The results show that, the local ultrasonic echo signal and its characteristics change regularly with the defect
size and location, which can help preliminarily distinguish the defect information. Meanwhile, the proposed RF
model-based defect identification method can effectively identify the defects of the adhesive layer in the bonded

steel member, and has a broad engineering application prospect.

Key words: ultrasonic testing; machine learning; bonded steel component; bonding layer defect
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Table 1 Material parameters

simulation material density p / (kg/m?) elasticity modulus E /MPa Poisson’ s ratio v
steel 7.85%10° 2.00x10° 0.28
epoxy structural adhesive 1.20x10° 2.02x10° 0.48
concrete 2.50x10° 2.50x10* 0.20
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Fig. 3 The ultrasonic excitation signal
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Table 2 Working condition statistics of the ultrasonic test data set

thickness of adhesive number of changes number of changes number of working conditions
h, /mm in the defect location in defect diameter corresponding to various thicknesses
1 1 29 29
2 11 29 319
3 21 29 609
4 31 29 899
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Fig. 11 Defect size and location recognition accuracies of RF, DT, KNN models under the noiseless condition
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