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This paper deals with steady-state analysis of elastic wave scattering by a crack with contact acoustic

nonlinearity (CAN). The system is composed of a two-dimensional unbounded elastic solid which

includes a crack with contact boundary conditions. A time-harmonic incident plane wave is irradi-

ated onto the crack face, and then clapping motion and dynamic friction are induced on the crack

face as nonlinear phenomena. The nonlinear wave scattering is described in a retarded potential in-

tegral equation by considering the CAN. Steady-state from of the integral equation is introduced as

an asymptotic expression for the vibration of crack faces after sufficiently elapsed time. Harmonic

balance method and boundary element method are coupled in order to solve the steady-state integral

equation. The present numerical results are in good agreement with the conventional time-domain

ones after sufficiently elapsed time.
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Fig.1 (a) Wave scattering by a crack in an unbounded elastic solid

and (b) microscopic view of crack faces.
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Fig.2 Incident plane wave scattering by a straight-line crack with

length 2a.
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Fig.3 Time variation of normal crack opening displacement at the
center point of a crack subject to normal incidence of plane P wave

when (a) N, = 1, 2, and 3 and (b) N, = 4 and 5.
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Fig.4 Time variation of tangential crack opening displacement at

the center point of a crack subject to normal incidence of plane S

wave when (a) N, = 1, 2, and 3 and (b) N, = 4 and 5.
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Table 1 Computational time (sec).

Proposed method
Transient
Np, 1 2 3 4 5
Pwave | 4.8 | 294 | 68.2 | 181.5 | 507.4 397.7
Swave | 28 | 7.0 | 28.0 | 524 | 1453 277.0
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