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On the diffraction of nonstationary
SH-wave on semi-infinite crack
in porous elastic medium*

Kh.Kh. Imomnazarov, A.Kh. Matevosyan

The problem of diffraction of a plane SH shock wave on a semi-infinite crack for
a model of porous medium for the case of energy loss due to intercomponent friction
is considered. Formulas for the scattered wave in terms of the Laplace transforms
with respect to time are obtained.

1. Introduction

Elastic oscillations excited in rocks as a result of earthquakes can be of in-
terest not only as a cause of destruction, but also as a creative factor that
leads to the formation of deposits of useful minerals. Many physical and
biological phenomena are connected with earthquakes. The appearance of
cracks resulting from large stresses in plates of lithosphere is observed in
areas which may become earthquake origins [1]. Such cracks [2] are char-
acterized by large values of stresses at their edges. The magnitude of these
stresses determines the possibilities for stability and further growth of the
cracks [3]. During the formation process of a crack, stresses close to' a sta-
bility limit act at its edges, and minor variations in the stresses can lead to
an increase in the size of the crack.

The problem of diffraction of a plane SH-wave on a semi-infinite crack
for a model of ideal elasticity theory was considered in [4]. In this paper, we
consider a similar problem for a porous medium for the case of energy loss
due to intercomponent friction.

2. Problem statement

Let us consider an unbounded porous isotropic medium with elastic con-
stants A, u, a, friction coefficient y, partial density p, of elastic porous
body, and partial density p; of liquid. In this medium, there is a crack
(defect) which is considered to be the half-plane
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z=0, 0<z<oo, —o0o<y<oo. (1)
A SH-wave of the form
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is incident on this crack. Here ¢(€)|¢<o = 0 (the incident wave ¢ has a
leading edge), « is the angle of ineidence of the wave. In the absence of
a crack, this wave causes the following tangential stresses in the porous
isotropic medium:
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Problem. Find the distributions of stresses and displacements of the elastic
porous body, and the liquid 1y,(t,z, z), u(t, z, z), v(t,z, 2) after the incidence
of the wave (2) on the crack (1).
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Our problem is reduced to solving the system of equations [5]:
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at zero initial conditions, and under the following conditions on the crack

(1):

) =0, |g|<oo, z#0, t>0, (5)

(u(t,2,0)) = u(t, z, ~0) — u(t,2, +0) = p(t,) £0, >0,  (6)
(v(t,z,0)) = v(t,z,—0) — v(t,z,+0) = Y(t,z) #0, z=>0, (7)
Ty2(t,2,£0) =0, z>0. - (8)

3. Algorithm of constructing the solution

We construct a solution to problem (4)—(8) in the following form:
u(t,z,z) = u(t,z,2) + ul(t,x, 2),
v(t,z,z) = v°(t,z,2) + vl (t, 2, 2),
Tyz(t, 2, 2) = ng(t,m,z) + Tg}z(t,m,z).

Here u°, 70, are determined with the help of formulas (2) and (3), u!, !

are discontinuous solutions to the system of equations (4), (5). Let us show
that the functions 1 and v° are expressed in terms of the functions ¢ and
u9. Applying the integral Laplace transform with respect to the variable ¢ to
both sides of equations (5) and (6), after simple transformations we obtain:
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Hence, the functions 9, v° and ¢, u° are related as follows:
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Then, using a method proposed in (4], we construct a discontinuous solution
to equations (9) for the crack (1). We use the integral Fourier transform
first with respect to the variable z
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and then with respect to the variable z
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in accordance with a generalized scheme proposed in [6]. Taking the Fourier
inverse transform of the sought-for discontinuous solution, we obtain

w2 = 2o [* e@K(PY) d (12)
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Here K((z) is the MacDonald function.

Substituting this formula into condition (8) written in terms of the
Laplace transforms, in the same way as in (4], we obtain the following inte-
gral differential equation for the function ¢, (z) for z > 0:
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We change variables in this equation as follows:

e=3 £=3 Po(F)=don, B(3)=sen )

Then it takes the form

2 o
(1-22)3 [ 9emKols - ohdo =g(s,p).  (14)
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We seek a solution to the integral differential equation (14) in the following
form:

=" Voe  L;/*(20)¢u(p)- (15)
n=0

Here L2(z) is a Chebyshev-Laguerre polynomial.
We substitute (15) into (14). Then, using the spectral relation [4]
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and the orthogonality of the Chebyshev-Laguerre polynomials, we obtain
an expression for the coefficients of expansion in (15),

Bnlp) = r s [ Va2 el ) do

Substituting these expressions into (15) and returning to the original vari-
ables in accordance with (13), we find the jumps of displacements in terms
of the Laplace transforms. Hence, the sought-for discontinuous solution is
calculated by (12). Taking the Laplace transform of the discontinuous so-
lution, we obtain a discontinuous solution to the problem formulated in the
coordinates (t,z, z).
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