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Numerical simulation and sensitivity analysis of acoustoelastic effect for guided

wave in bar
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Abstract A new significant method of online stress monitoring based on acoustoelastic theory for cylindrical
guided wave was proposed aim at the deficiency of steel structure online stress monitoring. The disperse
curves of 20 Q235 steel bar were calculated, the frequency ranges fit for acoustoelastic detection of cylindrical
guided wave were optimized. According to acoustoelasticity motion equation and Pochhammer frequency
equation, the group velocities of longitudinal L(0,1) mode, flexural F(1,1) mode and torsional T(0,1) mode in
different stress level were calculated and simulated by theoretical equation and finite element software, and the
acoustoelastic coefficients were obtained. The results show that longitudinal L(0,1) mode guided wave is fit for
acoustoelastic axis stress monitoring, flexural F(1,1) mode and torsional T(0,1) mode are weak in acoustoelastic
effect. Acoustoelastic effect of longitudinal 1.(0,1) mode is decreasing with the increasing of frequency. The
results of theoretical and finite element simulation are consistent well with axial displacement of mode shapes
for acoustoelastic effect.
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Table 1 Bulk wave velocities and equivalent second order elastic con-

stants for different stress levels

.73 o /MPa W,/(m-s71) Vr/(m-s™1) X' /GPa ' /GPa E'/GPa v o' /(kg-m—3)
0 5945.263 3200.561 115.9 79.9 207.0953 0.295965 7800
50 5941.945 3200.521 115.5852 79.89027 207.0199 0.295651 7799.247
100 5938.623 3200.480 115.2704 79.88055 206.9444 0.295336 7798.495
150 5935.299 3200.439 114.9556 79.87082 206.8687 0.295021 7797.744
200 5931.972 3200.398 114.6407 79.86109 206.7929 0.294703 7796.995
250 5928.642 3200.357 114.3259 79.85137 206.7169 0.294385 7796.246
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Fig. 1 Load mode and modal shapes for cylindrical guided waves
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Fig. 6 Acoustoelastic coefficients of theoretical calculation and numerical simulation
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