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a b s t r a c t

We study the behavior of torsional surface waves when they propagate through inhomoge-

neous fluid saturated porous layer over a homogeneous porous half space. The layer has three

types of inhomogeneity, viz; linear, quadratic and exponential, varies with depth as rigidity,

density and initial stress. We assume both media under compressive initial stresses and the

analysis is based on the Biot’s theory. The effect of inhomogeneity of the layer in the propa-

gation of torsional surface waves have been studied. The dispersion equations are derived for

each case and solved by an iterative method (Newton–Raphson method). It is observed from

the numerical calculation that the presence of initial stress and inhomogeneity of the medium

affect significantly to the phase velocity of torsional surface waves. Also, propagation of tor-

sional surface waves depend upon the medium in which they propagate as torsional surface

waves propagate fastly in presence of elastic half space in comparison to porous half space.

© 2015 Elsevier Inc. All rights reserved.

1. Introduction

The dynamical behavior of fluid saturated porous media has great importance in many fields, such as seismology, earthquake

engineering, soil dynamics and fluid dynamics. Because of the importance in these fields, the study of torsional surface waves

has considerable attention for researchers in recent years. Many of the implications and applications of this medium in different

research fields were studied by the researchers. Notable among these are [1–10].

Most of the theoretical seismologists and earth scientists are interested for investigating the seismic waves in layered media.

Surface wave propagation over homogeneous and inhomogeneous medium is a well known and prominent feature of the wave

theory. An amount of information about the propagation of seismic waves is available in [11,12]. Although there are lot of liter-

ature available for the propagation of surface waves, such as the Rayleigh, Love and Stoneley waves but very less information is

available for torsional surface waves. These waves are horizontally polarized but give a twist to the medium when they propa-

gate. In seismogram, some disturbances find in between the arrival of Rayleigh and Love waves. Earlier, sufficient informations

were not available for these disturbances, were termed as ’noise’ and are ignored in the study of seismic waves. These ‘noise’ may

be observed in the form of torsional surface waves that propagate in the non-homogeneous earth.
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Fig. 1. Geometry of the problem.

Few studies also discussed the various aspect of mathematical theory of elasticity by [13]. Information related to sound

waves in porous media is found from the books by [14,15]. Theory of propagation of elastic waves in statistically isotropic fluid

saturated porous solid has been first studied by [16–19]. Information related to application of mathematics in seismology is

available in the book by [20] and [21]. Quite a good amount of information related to propagation of seismic waves in different

earth layers are contained in the book by [22]. Study of wave motions in fluid-saturated porous rocks has been done by [23]. [24]

studied torsional surface waves in inhomogeneous elastic media. By using Biot’s theory, [25–27] in a series of papers, studied

the propagation of torsional surface waves in different medium under different condition. [28] studied the propagation of plane

waves in transversely isotropic dissipative half space. Propagation of Love waves in a transversely isotropic fluid saturated porous

medium have been studied by [29]. [30] shows that torsional surface waves exist in a homogeneous gradient elastic half-space.

Using Biot’s theory, [31–35] in a series of papers, studied the propagation of torsional surface waves in different medium, different

type of irregularities and under different condition.

The methodology, we are using is similar to that given in [6,7]. In their study, they assumed that both the media are trans-

versely isotropic fluid saturated porous solids, the upper layer is inhomogeneous and half-space is homogeneous, because, the

upper crust is more inhomogeneous as compared to the lower crust. But for numerical calculation, they assumed that the half

space as elastic. In the present study, we are considering the same geometry with an attempt to understand the behavior of tor-

sional surface waves in inhomogeneous anisotropic fluid saturated porous layer over homogeneous anisotropic fluid saturated

porous half space under compressive initial stresses. For numerical calculation, we discuss two cases for half space: (1) elastic

half space ([29]), (2) fluid saturated porous half space ([23]). The comparison of these two cases have been shown graphically for

torsional surface waves.

2. Formulation of problem

We are considering the propagation of torsional surface waves in an inhomogeneous anisotropic fluid saturated porous layer

of thickness H under compressive initial stress P1 along radial direction over a homogeneous anisotropic fluid saturated porous

half space under compressive initial stress P2 along same direction as shown in Fig. 1.

The coordinate system is taken to be cylindrical with z−axis pointing vertically downward as shown in Fig. 1. The interface

is located at z = 0, and the radial direction (r-axis) is taken in the direction of wave propagation. The dynamical equation of

an initially stressed poro-elastic medium can be obtained by Biot’s dynamical equations (neglecting the viscosity of the liquid

and body forces) for porous layer under compressional initial stressed as given by [16–19]. Here, we are using indices l = 1 for

inhomogeneous porous layer and l = 2 for homogeneous porous half space.
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