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Love Wave Propagation in Porous Rigid Layer Lying over
an Initially Stressed Half-Space
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Abstract—This paper devotes to study the propagation of
Love waves in a fluid saturated, anisotropic, porous rigid layer
lying over a prestressed, non-homogeneous, elastic half space.
The dispersion equation of phase velocity is obtained. We found
that the phase velocity of Love waves is considerably influenced
by rigidity, porosity and anisotropy of the porous layer,
inhomogeneity of the half-space and prestressing present in the
media, the layer and the half-space. As a particular case
dispersion equation of Love wave in rigid boundary does not
coincides with that of in free bounray. Dispersion curves are
plotted for different variation in inhomogeneity parameters and
initial stress parameters the effect of the medium characteristics
on the propagation of Love waves is discussed.

Index Terms— Love wave, anisotropic, porous rigid layer,
initial stress.

I. INTRODUCTION

The propagation of waves in layered media is of central
interest to the theoretical seismologists. A.E.H. Love [1]
described a mathematical model of surface waves known as
Love waves in 1911. The study of propagation of elastic
waves in a statically isotropic, fluid saturated, porous solid
has been first discussed by Biot ([2]-[5]). Using the Biot’s
theory, several investigators have studied extensively the
propagation of surface waves such as Rayleigh and Love
waves. Initial stresses have much effect on the propagation of
elastic waves (Biot, [6]). Bose, [7] and Burridge and Vargas,
[8] have contributed their work in this field.. The medium is
often porous and liquid filled. The role of pore-water in
seismology has been emphasized in many studies.
Chattopadhyay and De [9] have studied the propagation of
Love waves in a porous layer underlain by isotropic elastic
medium with a rectangular irregularity at the interface.
Nowinski [10] has shown the effect of high initial stresses on
Love waves in an isotropic, elastic, incompressible medium.
The most satisfactory theory has been given by Weiskopf
[11], who considered the medium to have a particular kind of
transverse-isotropy. Furthermore, the earth is an initially
stressed medium. Since the composition of the Earth is
heterogeneous, including very hard layers, medium
heterogeneity and rigid interfaces play a significant role in
the propagation of seismic waves. It is, therefore, interesting
to study the Love wave propagation in a medium which is
formed by an initially stressed, anisotropic, porous rigid layer
lying over an elastic half-space under initial stress. The
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half-space  could be  nonhomogeneous  because
non-homogeneity characteristics is one of the most
generalized elastic condition inside the earth.

Il. FORMULATION OF THE PROBLEM
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Fig. 1. Geometry of the problem.

Assume a water saturated porous rigid layer of thickness H
with anisotropy of the Weiskopf type along the direction of x
over a non-homogeneous elastic half space under the

compressive initial stress P = —S,, .The surface of contact

is the plane Z=0 ,and the z-axis is directed vertically
downwards. The wave is assumed to propagate along the
x-direction.

I1l. SOLUTION FOR THE UPPER LAYER
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IV. SOLUTION FOR THE HALF-SPACE

Hence the displacement component v in the heterogeneous
medium is given by
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Expanding Whittaker’s function up to linear terms eqn.
reduces to
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V. BOUNDARY CONDITIONS AND DISPERSIVE EQUATION

The following boundary conditions are to be satisfied by
solutions
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Eliminating A, B and D, from egns. (1) and (3) we get
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the phase velocity of Love waves and Cgsazle .

VI. PARTICULAR CASES

1) In the case when both the layer and half-space are free
from initial stresses, i.e. & =0, the dispersive equation (4)
takes the form
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2) In the case when the layer is non-porous, i.e. f =0,
then d=1, then the dispersion equation (4) takes the form
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This is dispersive equation of Love waves in an initially
stressed, non-porous anisotropic medium. 3) If the lower

half-space is homogeneous, i.e. a — 0, b — Othen the Eq.
(4) is reduced to
1/2
19

12
2
} ()

L C
rl-—
{ Jin

which for an initial stress-free, isotropic, homogeneous,

2

y {C__
2 2
C C
1l kHl=Ho Lo

cot > =

elastic layer (i.e. y=LN=L= ,u’) lying over an initial
stress-free, isotropic, homogeneous
(i.e. £=0,b=0,a=0) is reduced to

half-space
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Eq. (8) gives the phase speed c of Love wave in a
homogeneous layer over a homogeneous half-space when the
upper boundary plane of the layer is assumed to be rigid.

Note that the equation for the phase speed c of Love waves
in a layer overlaying a half-space, when the upper boundary
plane is not rigid, is given in Ewing et al. [12]
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It can be seen from Egs. (8) and (9) that the phase speed of
Love waves in a layer with a rigid surface is different from
that in a layer with a free surface.
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VII. NUMERICAL CALCULATIONS AND DISCUSSION

To study the effect of porosity, anisotropy,
nonhomogeneity and initial stresses on the propagation of
Love waves under rigid layer, numerical calculations have
been performed with different values of the parameters
representing the above characteristics from Eq. (4). For these
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computations we have taken 24, /L =2.5and S, /cC, =0.7

and the results are presented in figures 2-5. All these figures
we have shown the variation of dimensionless velocity

c/ f3, against dimensionless wave number KH .

TABLE I: CURVES FOR DIFFERENT VALUES OF D

Curve no. d
1 0.6
2 0.7
3 0.8
4 0.9
5 1.0
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Fig. 2. Waves form.
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TABLE Il: CURVES FOR DIFFERENT VALUES OF Y AND D
Curve no. V4 d
1 1 1
2 1 0.6154
3 2 0.6154
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Fig. 3. The effect of anisotropy on the propagation of Love waves in a porous
medium.

Fig. 2 shows the effect of porosity on the propagation of
Love waves under rigid layer in a nonhomogeneous,
anisotropic, initially stress free medium. We have plotted the
curves for different values of d as shown in Table I. It has
been observed that as the porosity increases (i.e. as the value
of d decreases), the phase velocity of Love wave increases.
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The effect of anisotropy on the propagation of Love waves
in a porous medium is shown in Fig. 3. It has been observed
that as the anisotropicity increases, the velocity of Love
waves in the porous medium decreases.

Velocity dispersion curves of Love waves in a porous layer
for various porosity in terms of parameter d and for effect of
anisotropy (7 ) in the porous layer on the propagation of

b

Love waves for » :1'E = 0_4% =1&=0.

VIII. CONCLUSION

We can conclude that the phase velocity of Love waves is
considerably influenced by rigidity, porosity and anisotropy
of the porous medium, inhomogeneity of the half-space and
prestressing in both the media. The effect of these
characteristics of the media on the phase velocity of Love
waves has been discussed and compared with the classical
case when both the media are homogeneous, isotropic and
initially stress.
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