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Abstract: The propagation of elastic waves in solids is influenced by initial stresses and material nonlinearity.
Accurately characterizing the propagation of elastic waves in initially stressed media is crucial for stress nonde-
structive testing, structural health monitoring, and geophysical exploration. However, the distinct roles of

stress-related geometric nonlinearity and material nonlinearity remain unclear. A theoretical framework based
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on acoustoelasticity and coupling finite initial deformation with material nonlinearity was developed. Approxi-

mate analytical solutions for the phase velocities of body waves were derived with the perturbation theory, to

give an efficient approach for the rapid calculation of elastic wave propagation in initial stress media. Further-

the shear wave anisotropy reaches 2% ~3% .

more, the characteristic equation was solved for plane waves, the coupled effects of initial stress and nonlinear
increase wave speeds, while physical nonlinearity will decrease them. Physical nonlinearity induces more pro-

elasticity were systematically analyzed. The results show that, the effects of initial stresses stem from the com-

petition between geometric and physical nonlinearity. Under tensile initial stresses, geometric nonlinearity will

earity; perturbation theory

5l

—

nounced changes in phase velocity and velocity anisotropy of shear waves. For the 7075-T651 aluminum alloy,
Key words : initial stress; acoustoelastic theory; elastic wave propagation; geometrically and physically nonlin-
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Fig. 1 Schematic of the deformation among the natural, intermediate, and current states
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Fig. 2 Comparisons of the phase velocities of P-waves, Sl-waves and S2-waves through perturbation approximations
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Fig. 3 Comparisons of the phase velocities of P-waves, S1-waves and S2-waves through perturbation approximations
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Table 1 Elastic constants of the 7075-T651 aluminum alloy
A/GPa wn/GPa A/GPa B/GPa C/GPa
54.9 26.5 -351.2 -149.4 -102.8
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Fig. 4 Relative variations of phase velocities, polarization vectors and polarization anisotropy of P-waves under

geometric nonlinearity or physical nonlinearity in uniaxially stressed media
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Fig. 5 Relative variations of phase velocities of S1-waves and S2-waves as well as the shear-wave phase velocity anisotropy

under geometric nonlinearity or physical nonlinearity in uniaxially stressed media
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or physical nonlinearity in uniaxially stressed media
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geometric nonlinearity or physical nonlinearity in biaxially stressed media
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Fig. 8 Relative variations of phase velocities of S1-waves and S2-waves as well as the shear-wave phase velocity anisotropy

under geometric nonlinearity or physical nonlinearity in biaxially stressed media
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Fig. 9 Polarization vectors and polarization anisotropy of S1 and S2 waves under geometric nonlinearity or
physical nonlinearity in biaxially stressed media
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