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ABSTRACT

The effect of initial stress and viscosity on the propagatingdove waves in a prestressed viscoelastic
layer over a rigid half space is considered. It is shown that wave number group velocity and phase
velocity are highly affected by initial stresses and viscosity.

The Paper presents a study on Love wave’s propagation in a prestressed viscoelastic layer over
laying a right half-space. The characteristic frequency equation is obtained and the variation of wave
number with frequency under the combinged effect of initial stress and viscoelasticity is analysed in
detail.

INTRODUCTION

In the early 1900s the® discovery of surface waves in a layer over a half-space for
homogeneous isotropic medium by Love, about 100 years ago, many researchers have been
studied extensively this problem for ¢onstant or variable velocity, rigidity and density. Most
of the work hasssummarized inithe book of Ewing et al (1957).

Waves propagating through elastic,medium carry. lot of information with them which are
useful in several fields engineering, seismology, environmental sciences, matter sciences etc.
The signal when pass through the medium provides us minor /major characteristics, i.e.
discontinuity present in it homegeneity orin homogeneity, isotropic or anisotropy etc.

The study of Love waves is important to seismologist for its possible application in prediction
of earth structure., The propagation behaviour of surface waves in a viscoelastic and
anisotropic models IS of great interest for the accurate inversion of the observed surface
wave’s data.

Schwab and Knopoff (1972) and Cramping and Taylor (1971) have shown that viscoelasticity
and anisotropy have a considerable Influence on the propagation of surface waves. Gir
Subhash and Gaur (1978) studied the propagation of Love waves in an anisotropic
viscoelastic layer overlying a rigid half-space. The variation of the wave number with
frequency underthe combined effect of visco-elasticity and anisotropy is analysed in detail.
Since the earth is an initially stressed body, it should be interesting to see how the velocity of
Love waves is influenced by inherent initial stresses. Dey and Addy (1978) showed the effect
of initial stresses on the frequency equation of Love waves in a visco-elastic medium
overlying elastic half-space. They proved that the effect of viscosity is neglected, the phase
velocity of Love waves decreases with increasing horizontal hydrostatic stresses.
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In the present paper author is try derive the dispersion equation of Love wave in priestess
viscoelastic layer over an elastic half space. He showed the effect of initial stress and
viscosity on the wave number numerically and graphically.

In the present paper author is try derive the dispersion equation of Love wave in priestess
visco-elastic layer over an elastic half space. He showed the effect of initial stress and
viscosity on the wave number numerically and graphically.

BASIC EQUATIONS

When body forces are not considered, the dynamical equations of equilibrium with normal
initial stress P = — S;; along the horizontal direction are given by Biot (1965) :
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where  s;; (i,j = 1,2,3) are the ineremental stress components and w,,w,, w, are the
rotational components givenby
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u, v and w are the displacement components along axes.p is the density of the medium. Stress
— strain relation for an mitially stressed orthotropic elastic medium with co-ordinate planes of
elastic symmetry are .
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B (i,j = 1,2,3); Q; (i,j = 1,2,3) are the incremental elastic coefficients and shear moduli
respectively. Where the elastic coefficients B;j, Q; of the préstressed solid are related to the
Lamé constants A, u of the isotropic unstressed state anmd the prestrains ¢€;; by means of

explicit relations for either finite or infinitesimal deformations.In the linear approximation
[Biot(1965)].

By 220+ D)1 + €55 — 2€5,),
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The equilibrium equations in terms. ofidisplacement components can be obtained from
eqnations (1) —(3),we get
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FORMULATION OF PROBLEM

Let us consider a prestressed voigt-type viscoelastic layer of thickness H overlying a rigid half-
space with constant normal initial stress along the horizontal direction.
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we take rectangular co-ordinate system with z-axis directed vertically downward .The surface
of half-space 1s located at z = 0 and x — axis is taken horizontally as shown in Figurel.

Z=0
> PRESTRESSED VISCO-ELASTIC e

LAYER <

~

ELASTIC HALF-SPACE

Figure.1

We consider Love waves propagation in the positive x —direction .The displacement
components are independent of y and are of the type

o
7 )

u =Qgu=w(x, z), W= 0and
Putting equation(5) inequation(4),we get

2w

P\ 3%v a%v
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But here layer 1 prestressed visco-elastic medium so the equation (6) of motion for Love
waves becomes

P A 0%v P .0 0% 3% .
(Q3_2+Q3at)a_x2+(Ql_z+Qlat)azz_pat?_ ()

Where Q5 and Q; are viscoelastic parameters.For unstressed case Q; = Q; =
For a plane harmoni¢ wave propagating in the x —direction we put
v=V(2)exp [i(wt —kx)], (8)

where V(z) 1s a real function of z and k is a complex quantity equal to (K, + iK;),whose
real part represents the wave number and the imaginary part represents the damping
coefficient.w 1s a fixed positive circular frequency.Putting this value of V(z) m
equation(7),we get

(@1 + Qi) 2 +pw? — K2(Qs =2+ QsD)]V=0 . (9)

The above equation reduces to
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a%v
and its solution can be written as
V = A exp(iSz) + B exp(—iSz). (11)
Where A and B are constants and S is complex quantity given by

~ [pa)2 — K2 (03 - g + Qéwi)]

52 :
(Q1 + Ql“)i)

(12)

Equations(8) and (12) give

v = [Aexp(iSz) + Bexp(—iSz) | expli(wt — kx)].
BOUNDARY CONDITIONS

Stress at the free surface and displacement at the interface are zero.

Z—Z =0 Jadas.0 (13)
and V=0 at Z=H (14)
From equations (11),(13) and (16) we get
A=B (15)
A exp(iSH),+ B exp(—iSH) =0 (16)

equations (15) and (16) ennsimplification,give
1 2
2 = (n+§) 2  (17)
Putting the value of, S? from equation(12) in equation(17) and separating into real and

imaginary part, we get
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where 2 =(Q and & = pQ. (19)
Q Qs

1

1 . v ® .
5 represents the specific dissipation factor for shear wave.
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_9_3 i _Q_3 A 2.2
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a=KZ—-K2, b=2KkK . (1)

Equating real and imaginary parts and putting p = 1,in equation (18), we get

RH? [w2 ([% — asz) — {i et bPQW] —C (n 4 %)2 w2 ,(22)
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Qw P aPQW.
w2<—+bQ2>—b—— +b]=0 .(23
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The values of K, (wave number) and K; (damping Coef fictent),for various models are by
the relations

Ko = [HEE@F?) +a} @0

) = \/%{(\/az +5?) - a} (@25)

From Equations(22),It is clear, that the propagation of Love waves should take place at all
frequencies without cut.

When Q « 1,the contribution of b at low frequencies will be near to zero and therefor the
dispersion behaviour of Love waves will be same as for elastic earth.

PARTICULAR CASE

Let us consider a Voigt-type viseoelastic medium of thickness H over an elastic-half-space.
Put P = —S;,= 0'm the equations(22) and (23) we get

2 2
)) —aC| = (n+%) w2C , (26)
w30
B2

These equations coincide with the equations(16) and (17) of Subhash and Gaur.

+bC=0. (27)

Equation (21) along with equations (19) and (20) has been used to analyse the wave number
for following two cases assuming Q = 50.
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ISOTROPIC VISCOELASTIC CASES (PUT P = 0, R=1)
It is clear from Table 1. That for a viscoelastic surface layer, the value of KH is smaller than

its corresponding value for a perfectly elastic layer. The effect of viscoelasticity is therefore
todecrease the wave number.

ANISOTROPIC VISCOELASTIC CASE (PG 0,0 G 0)

Comparing the results given in the figure 2 and figure 3, it can be observed that where as the
effect of initial stresses is to increase the wave number value and viscoelastic tends to
decrease it. Two effects therefore counteract each other. Since the effect of viscoelasticity
goes on increasing with frequency.

KH(Q=0)
KH(Q=50)

Table l.

Figurel.
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Companson of the wave numbse vanation with frequency foe  alastic and Waco-#iastic cases for R=-50 and =0
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Figure 2

Companson of he ware nimber vatistion with ¥equency for  elastic and Waco-slastie cases for R=-50 and n«0
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Figure 3
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