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Numerical simulation of high frequency guided wave testing for

anchor bolt defects

GUO Yanyu, ZHANG Changsuo, ZHANG Yue
(College of Mining Engineering, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: Previous research has confirmed that only high-frequency guided waves larger than 1 MHz have the minimum attenuation de-
tection mode for anchor bolt widely used in underground projects. However, due to the complexity of numerical simulation of high-fre-
quency guided waves, the research results are concentrated on experimental testing, which makes the research on propagation characterist-
ics of high-frequency guided waves very limited. In order to explore the propagation of high-frequency guided wave and apply it to the on-
site inspection of anchorage quality, the numerical model of anchor bolt is established by using ANSYS/LS-DYNA finite element soft-
ware through parameter optimization. By analyzing the influence of different anchor thickness on the wave shape, the minimum outer dia-
meter that can replace the field infinite anchor thickness model with the numerical simulation finite size model is obtained; In theory, the
guided wave mainly propagates forward along the interior of the steel rod, and the bolt radial reflects the waveguide structure shape.
Therefore, the bolt radial grid is set the densest, and the anchor body radial grid and the bar axial grid are set relatively sparse, in order to
minimize the number of elements; In view of the different dispersion characteristics of guided waves with different head wave widths, the

propagation process of guided waves in non-defective and defective bolts was studied, and the optimal head wave width was 0.04 ms;
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Based on the above three optimized parameters, the numerical models of the complete anchor bolt and the anchor bolt with defects are es-

tablished respectively. The numerical simulation results are highly consistent with the laboratory test results in the literature, which proves

that the numerical model established is correct and effective, and truly realizes the accurate simulation of high-frequency guided waves in

the propagation application of the anchor bolt under the limited computing resources. On this basis, the anchor bolt model with different

defect characteristics is built, and the defect location and depth are studied. The results show that the high frequency guided wave with spe-

cific frequency can accurately locate the steel rod defects, and the defect area can be roughly determined according to the ratio of defect

echo amplitude to bottom echo amplitude.

Key words: high frequency guided wave; anchor bolt; non-destructive testing; first wave width; defect location
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Fig.1 Schematic of theoretical model of anchor bolt
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Table 1 Parameters of materials
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Fig.8 Numerical simulation results under different excitation

wave widths when the excitation wave frequency is 1.541 MHz
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width is 0.2 ms
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Fig.10 Waveform of excitation wave with frequency of 2.43
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Table 2 Numerical simulation results and laboratory results of anchor bolts with defects when the excitation wave is 2.43 MHz
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Fig.12 Waveform of different defect positions when the excita-
tion wave is 1.541 MHz
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Table 3 Numerical simulation results of different defect positions when the excitation wave is 1.541 MHz

SRS B m SRS /ms PR O m B OIERIE% WSk E/ms R/ AFRIRZE%
0.1 0.059 0.104 3.66 0.400 1.010 1.00
0.3 0.136 0.308 278 0.400 1.010 1.00
0.5 0212 0.510 2.07 0.400 1.010 1.00
0.7 0.287 0.710 1.38 0.400 1.010 1.00
0.9 0.362 0.906 1.00 0.400 1.010 1.00
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Fig.13 Waveform of different defect depths when the excita-
tion wave is 1.541 MHz
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