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ABsTRACT. The present topic is devoted to investigating the effects of semi
four-cusped hypocycloid irregularity on torsional surface waves in an initially
stressed anisotropic porous medium situated between two anisotropic non-
homogeneous semi-infinite spaces. The irregularity manifests as a semi-four-
cusped hypocycloid at the interface where the layer and the lower semi-infinite
space are separated. It is assumed that the directional rigidities, density and
initial stress vary in the upper and lower semi-infinite spaces in an exponential
and hyperbolic manner, respectively. A closed form for the torsional wave
dispersion equation is presented. Additionally, the velocity equation is found
in the case of no irregularity. The study demonstrates that heterogeneity of
lower semi-infinite space, initial stress and directional rigidities of both semi-
infinite spaces, as well as of porosity of the layer have a favourable effect on
the phase velocity of torsional surface waves. However, the heterogeneity of
the upper semi-infinite space, ratio of directional rigidities and initial stress of
the layer and irregularity parameter have a negative impact. It has also been
observed that, in the case of a uniform media, the velocity equation reduces
to the conventional equation for the Love wave.

1. Introduction

Earthquakes are the result of the rapid motion along the faults in the Earth’s
crust, which is usually caused by the sudden breaking of underground rocks. The
seismic waves produced by this sudden change cause the Earth to quiver. Volcanic
eruptions, landslides, snowfalls and even rushing rivers can also cause earthquake
waves. The study of seismic waves is important in order to understand how hetero-
geneous and anisotropic the Earth’s inner core is. There are two types of seismic
waves: body waves and surface waves. The waves which originate at the epicentre
of an earthquake and travel through the Earth are body waves. The surface wave is
the wave that travels over the Earth’s surface. Most conjectures about the Earth’s
internal structure are made by studying seismic waves. Torsional waves are one
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of several types of surface waves. Their amplitude decreases exponentially as the
distance from the free surface increases.

In the crust of the Earth, heterogeneity occurs at all levels. Thus, surface
wave propagation in an inhomogeneous layer is very important for seismology and
earthquake engineering. The study of surface waves in layered and heterogeneous
media has become a major focus for theoretical seismologists in recent years. An
iconic and well-known aspect of wave theory is dealing with surface waves propa-
gating over the surface of homogeneous and heterogeneous elastic half-spaces. In a
well-known book by Ewing et al. [1], a significant quantity of information regard-
ing seismic wave propagation is documented. Love [2] and Gubbins [3] provided
details on the Earth’s plate tectonics. According to Gupta et al. [4], while the het-
erogeneity parameter related to rigidity has the opposite impact, the one related
to phase velocity decreases as the density of the crystal layer grows. Abd-Alla et
al. [5] analysed shear wave velocity of propagation depending on various factors.
In the framework of the three-phase-lag model of thermoelasticity, Kumar et al. [6]
investigated wave propagation in an anisotropic viscoelastic medium. According to
Kakar et al. [7], the shear wave velocity is directly impacted by parameter variations
related to the medium’s non-homogeneity. Manna et al. [8] noted how inhomogene-
ity and reinforcement affected the Love wave velocity. Alam et al. [9] observed the
influence hydrostatic stress, heterogeneity and magneto-elastic coupling parameter
on Love-type wave.

The solid portion of Earth’s crust can be regarded as somewhat anelastic in ac-
cordance with the tidal hypothesis (Lowrie [10]). Seabeds and intermediate strata
beneath the surface are exposed to initial stress, according to the seismic record.
There are numerous causes for the medium’s intial stresses to arise: the variations in
temperature, pressure because of the overloaded layer, quenching process, sluggish
creep process, and gravity. These stresses can have a big impact on elastic waves
that are created by impacts, explorations, or earthquakes. Dealing with wave prop-
agation problems under initial stress is therefore essential. Dey et al. [11] concluded
that when initial compressive stresses are present, the velocity of torsional surface
waves is reduced. Ozturk et al. [12] reported and discussed the effect of initial
stress on the phase velocity of a torsional wave. Ahmed et al. [13] determined the
dispersion equation using the Fourier transform technique to show the influence on
Love waves. The impact of initial stress, corrugation and porosity factor on velocity
profile of SH waves was analysed by Gupta et al. [14]. For electrically open and
electrically short circuits, Kumar et al. [15] showed the influence of initial stress on
Rayleigh wave.

Scientists studying seismology and physics have recently become interested in
the phenomenon of wave propagation in fluid-saturated porous media. The empty
spaces that exist inside the formation are referred to as pore space or void. When
the formation is water-saturated, these pore spaces are occasionally filled with for-
mation water. Otherwise, they are often filled with air. The production of porous
materials and the science of geophysics are two potential uses for this idea. Seismol-
ogists are interested in how porosity in a medium affects elastic wave propagation.
Wang et al. [16] used the Biot’s theory to obtain the Love wave dispersion equation.
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Son et al. [17] showed that the phase velocity increases with the growth of the pore
size. Shekhar et al. [18] investigated the impact of porosity on velocity profile of
torsional waves. Alam et al. [19] investigated the effects of initial stresses, hetero-
geneity, porosity and sandy characteristics on the propagation of torsional surface
waves. By using graphical representations and discussions supported by numerical
data, the significant impact of numerous influencing elements, such as gravity, ini-
tial stress, porosity and viscosity on Love waves has been thoroughly examined by
Kumbhar et al. [20].

A composite structure in the real world may not always contain a layer with a
planar border alone. The surface of the earth is irregular in spite of millions of years
of gradation. Since the mass of the Earth is unevenly distributed, certain parts of
the world are subject to a stronger gravitational “pull” than others. The “height” of
various geoid components varies constantly, rising and falling in reaction to gravity
as a result of these fluctuations in gravitational force. So it is more realistic to
consider the irregularity effect on seismic waves. The possibility of irregularities
has led to an endeavor to investigate the impact of hypocycloid-type irregularities
on the torsional surface wave’s propagation behavior in order to gain a practical
understanding of the issue. The theoretical formulation of modes and surface waves
in multi-layered media with irregular interfaces has been successfully established
by Chen [21]. Chattaraj et al. [22] obtained the displacement field in the porous
layer using the perturbation method, with the assumption that the irregularity is
rectangular. The impact of shifting loads owing to irregularities in ice sheets floating
on water was investigated by Chatterjee et al. [23]. Using predetermined boundary
conditions, the internal deformations were analytically calculated by Chowdhury
et al. [24] to produce the wave frequency equation. In a prestressed irregular
composite layer, Singh et al. [25] examined the behavior of Love-type waves.

The purpose of the present manuscript is to investigate torsional surface waves
as they move through a porous medium that is positioned between two semi-infinite
spaces. A semi-infinite space is a mathematical model used to approximate the
Earth when performing some calculations in seismology and bounded in one direc-
tion and unbounded in another. In the present model, lower semi-infinite space is
taken beneath the layer where z varies from €G(r) to co and upper semi-infinite
space is above the layer where z varies from —H to —oo. The initial stress, density
and directional rigidities vary in the upper and lower semi-infinite spaces in an expo-
nential and hyperbolic manner respectively and the irregularity appears as a semi
four-cusped hypocycloid at the interface where the layer and lower semi-infinite
space are separated. This study’s consideration of exponential and hyperbolic fluc-
tuations in density, directional rigidities and initial stress in upper and lower media
is motivated by the Earth’s crust’s numerous heterogeneous strata, each with its
own unique set of geological properties. We have employed the separation of vari-
ables method to get the dispersion equation. Thus the article addresses the applica-
bility of initial stress, irregularity, porosity, anisotropy and heterogeneity factor on
the velocity profile of torsional surface waves which are graphically illustrated. It
has also been noted that the velocity equation simplifies to the Love wave’s classical
solution for a uniform media.
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Lower semi-infinite space heterogeneity features have a positive impact on tor-
sional wave phase velocities, whereas upper semi-infinite space heterogeneity fea-
tures have a negative effect. Phase velocity is increasingly influenced by anisotropic
parameters of the upper and lower semi-infinite spaces; for porous layers, their im-
pacts are lessening. Porosity is found to have a significant increasing impact. The
phase velocity is affected more by initial stresses of the semi-infinite spaces than by
those of the porous layer. Distinct irregularity sizes have an impact on the phase
velocity of torsional surface waves as well. The present finding can be possibly seen
in various practical situations. There is a possibility of finding a geometrical model
beneath the Earth’s surface. The study of the propagation behaviour of torsional
wave through such a medium may help geophysicists and seismologists in the pre-
diction of earthquake and in understanding the damages caused by earthquakes.
We have considered a unique model that lies in the Earth’s crust.

2. Foundation of the problem

We consider a cylindrical coordinate system in order to explore torsional surface
waves. The model is an anisotropic porous layer of thickness H that lies between two
anisotropic heterogeneous half-spaces, with one semi four-cusped type irregularity
at the lower interface under radially directed compressive initial stresses P; = — ).
We take into account the semi-ellipse’s length A for the semi-minor axis and 2m for
the major axis.

The interface dividing the layer from the lower semi-infinite region is the origin
of the cylindrical coordinate system (r,0, z), with z pointing downward. Rigidity,
density and initial stress variations as follows are taken into consideration:

Heterogeneous anisotropic N = Noe®™?, L = Lje™?,
upper half-space p = poe®?, P = Pje*”

H

-a o a
/ > T
Heterogeneous anisotropic \ I

N = Nycosh?(a,z),

lower half-space

L = Lycosh?(a,z).

p = pycosh?(a,z)

P = P,cosh?(a,z)

A

FIGURE 1. Problem’s geometric shape
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Regarding the upper semi-infinite space,

«a «a
N:Noe 127 L:L0€ 1Z,

(2.1)
p = poe™*?, P = Pye™'”

For the porous layer,
N=N, L=1L1, p=p, P=P
For lower semi-infinite space,

N = N, cosh?(ag2), L = Ly cosh?(ap2),
(2.2)
p = po cosh? (a22), P = P, cosh?® (a22)

P represents the initial stress at each location in the medium, the density is p, the
directional rigidities along radial and axial directions are N, L and constants a;,
as have inverse dimensions related to length.

The irregularity equation is thought to be

z =eG(r),
where
G(r) :b\sll— (f)%, —a<r<a,
=0; ! otherwise,
and

b <1
e=—, ¢ .
2a’

3. Solution for semi-infinite spaces

The dynamical equation of motion (Biot [26]) of an initially stressed anisotropic
semi-infinite space can be written as follows if the wave only travels in a radial
direction

Oxro | Oxe. | 2 d (P ov 9%
. Tt o Xre — *(**) =P

or 0z r 0z\2 0z ot
where displacement along azimuthal direction is v, the density is p, the radially
directed initial stress is P and the stress components are ¢ and x.g. The torsional

wave is characterized by the displacements

(3.1)

u=0, w=0, v=uv(rzt)

The strain-displacement relations are

_ 10u 1(10v 4 u 10w

Crr 2 Or? 699_2(7 9+7')’ 622_202
—1(10u 4 Ov _ v —1(0v | 10w

er9—2(rae+ar 1‘)’ 692_2(8v+r89)7
_ 1(0w 4 Ou

ezr_2(r+8z)
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The stress-strain relationships are now provided by

Xrr = (A+ P)eyr + (A= 2N + Pegg + (F + Ple.. + Q-
X0 = (A —2N)e, + Aegg + Fe.. + Q-,

Xzz = Fepr + Fegg + Ce.. + Q-,

Xro = 2Nerg, Xo= = 2Leg., Xr. = 2Le.,

where the medium’s elastic constants are A, F', and C. The coupling between the
change in the solid and liquid’s volumes is measured by Q..

At this point, the displacement component and stress components for aniso-
tropic elastic semi-infinite space are connected by
v v) v

(3.2) Xro ( r Xz0 0z

By employing the relationships (3.2), the motion equation (3.1) is transformed into
9?2 10 1 0 v *v

23 I S W YL B

(3:3) or? + ror  r2)° + 0z 0z p(z) ot?

where M = L — g. We consider the following as the form of the solution to

equation (3.3):

(3.4) v =V(2)Jy(kr)e™

where Jq (kr) represents the first order and first kind Bessel’s function, the spatial
frequency of wave is k and the angular rate is w.
Equation (3.3) assumes the following form with the aid of equation (3.4)

k2 2 71 k k / k _ k .
ooy (KA 0
d*V  dM dV ; i
(M + S ) ket = —puPV T (ke
or,
k2r2J, (kr ?V  dM dV
V(= SR+ (M + T k) = =V G
or,
2V 1 dMN\dV k2N pc?

— — | — - 1-— —)V =0
d22+(Mdz)dz M( N
The torsional wave velocity is represented by ¢ = % in the above equation. To

remove the expression % from the previous equation, substitute V(z) = ?/(ZM)

This yields

d*¢ 1 (dM>2¢ 1 &M _ kQN( pc?

=rtoe\e) i az? S5 )e=o

(3.6) = -
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3.1. Solution for upper semi-infinite space. Using equation (2.1), equa-
tion (3.6) reduces to

d*¢
dz?
where mg = k\/i(%f + %ELOO( — ;—g), co = ,/%: shear wave velocity in this
half-space and &, = %zdimensionless parameter due to initial stress Fy. When
z — —o0, the solution to equation (3.7) disappears and can be expressed as

o(z) = Aje™o?

(3.7) - m%qb =0,

For the upper semi-infinite space, the displacement component becomes

e™o% Jy (kr)etwt
° e

e 2

(3.8) v =1vg(say) = A

3.2. Solution for lower semi-infinite space. Using equation (2.2), equa-
tion (3.6) reduces to

d?¢
(3.9) a2 mié =0,
where mqy = k\/(%)z + ]\{2_/;22 ( — %)7 cy = %:the shear wave velocity in this

semi-infinite space and & = %:dimensionless parameter due to initial stress Ps.

The solution of equation (3.9) vanishing at z — co may be written as
¢(z) = Cre™™2?
The displacement component in this space is so

e~m2% J; (kr)etvt

(3.10) v = va(say) = C4 cosh(cn2)

4. Solution for layer

An anisotropic porous medium’s dynamical equations of motion (Biot [26]) are
as follows when initial stress P is applied without body force:

Oxrr | 10x IXrs | Xrr—X dwy _ 92
or T 859 + 5t T - P aze = 7(Prru+,0r0U)7

OxXr 10 X0~ 2X owl, _ 92
B 4 L3 4 Bt 20 P = Lt V),

Oxrz | 19X0: | Xz dwg 9?
St e + e 4 — Bt = g (errw + prgW)

or r 00
and
2
9 = B (prou + peal),
2
(4.1) 9 = D (prov + pooV),
9x

2
X = 5 (prow + peoW),
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where the liquid’s stress is denoted by Y, the solid’s displacement components are
(u,v,w), the liquid’s displacement components are (U, V, W), the respective stress
components are X, X060, Xzz> Xrz> Xr8, and xa., and

, 1 /0w v , l/ou Owy 1 /90(rv) v
wr =5 (5 ) =35 ~ 5 )t = 5 (T )

8z or
are the components that make up the rotational vector w’. The porous layer’s
stress-strain relationships are now provided by

Xrr = (A+ Pr)ep + (A= 2Ny + Pi)ego + (F + Pr)es. + Q.

x00 = (A —2N1)er, + Aego + Fe... + Q-,

Xzz = Fepr + Fego + Ce.. + Qe,

Xro = 2N1€r9, Xo2 = 2L1€02, Xrz = 2162,
where the medium’s elastic constants are A, F', and C. The radial and axial shear
moduli are N7 and L;, respectively and the coupling between the change in the

solid and liquid’s volumes is measured by .. The strain-displacement relations
are

— 10u 1(10v 4 u — 10w
eTT*Q@T’ 69972(7" 9+7")’ eZZ*Q@z
—1(10u 4 Ov _ v — 1(0v | 10w
6T9—2(rae+ar r)’ 692_2(6v+r86)7
1

_ o) o
ezr = 3 (3¢ + 52)
The fluid pressure P; and the stress vector x have the following relationship:
—Xx =[P,

where f =porosity of medium. In relation to the layer density p, solid density ps
and water density p,,, the mass coefficients p,.., prg, and pgg are

Prr + Pro _ (1 _ f), Pro + P06 _ f
Ps Pw
Therefore, the aggregate’s mass density is
PPl

Pw — Ps
According to Biot, the mass coeflicients are positive and
PrrPoo — Prg > 0.
The torsional surface wave has the property that
u=0, w=0, v=v(rzt), U=0, W=0, V=V(rzt)

These provide two non-zero stress components as
ov ov w
(42) X0z = L1&7 Xro = Ny (7 - *)
By substituting the relations (4.2) in equations (4) and (4.1) one obtains
2

B e RS el s
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and
82
ot?

One way to express the final equation is as

(prov + peoV') = 0.

(4.4) prov + peoV = ki (say).

When V is removed from Equations (4.3) and (4.4), one obtains

(4.5) (N P1><32U+13v U)—FL 32U:d13720

Y\ Tror 2 1922 ot
where
p2
dl = Prr — Le
Poo

According to Equation (4.5), shear wave’s velocity in a radial direction is

Nl_%: 1_6102
dy V= a

where
Ny N .
c1 = | — = the shear wave velocity in the medium,
P1
Py I . .
& = N, = initial stress P; related dimensionless parameter,
1
dy ot
d=— =~ — 12
1 V22
Y1 = 2%, y12 = £ and 722 = 22 are the parameters for the porous layer’s

material which are dimensionless. Once more, the solution to equation (4.5) is
considered as

(4.6) v = P(2)Jy (kr)e™,
Equation (4.5) assumes the following form with the aid of (4.6)
d*y

where m; = k\/m. The solution to (4.7) is
¢(z) = By cos(miz) + Basin(m, 2)

In the porous layer, the displacement component is hence

(4.8) v(z) = vi(say) = [By cos(mqz) + By sin(m,2)]J; (kr)e'™t.
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5. Boundary conditions

The subsequent prerequisites for boundary conditions need to be fulfilled:

(1) At the point where the upper semi-infinite space and the layer meet, both

the displacement and stress components remain continuous, i.e.,
(i) wo=wv atz=—H.

(i) Lo%e =L;9% atz=—H.

(2) At the interface irregularity of the layer and lower semi-infinite space, the
displacement and the stress components stay continuous, i.e.,

(i) v =wvyat z=eG(r).

(i) (xre)2 = (xro)s at z = eG(r).

where (x;0)2 = L1 (92 — ) (—eG')+ L1 22, (Xro)3 = Lo (%2 —22)(—eG')+ Ly 222

The following equations have been obtained by applying equations (3.8), (3.10), and
(4.8) to the aforementioned four boundary conditions.

A16_<"L°_%)H — By cos(m1H) + Bysin(miH) =0,

o L
Ay (mo — %)e‘(mo_%)H - B (L—;ml sin(mlH))

L
— BQ (—1m1 cos(mlH)> = O,
Lg

) e—mQEG(T)
Bj cos(m1eG(r)) + Bz sin(mieG(r)) — Clm =0,
Lo e—szG(T)
B B - — — =
1@+ B2Q2 = G <L1 cosh(agsG(r))Qg) 0,

where
Q1 = G’k cos(m1eG(1))Q — my sin(m1eG(r)),
Q2 = G’k sin(m1eG(r))Q + my cos(m1eG(r)),
Q3 = eG'kQ — (m2 + tanh(aeeG(1))),

- Jg(lﬂ“)
Q o Jl(k’/‘)

Removing the arbitrary constants A;, By, Bs, and C; from the preceding four
equations, we obtain

(5.1) tan(miH) = [%%{%% cos(mieG(r) — 2L}
+ (- g PHE R momec - 2]
/[%%{%% sinfm1£G(r) ~ 22
(g IHE ootz - G,
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The torsional surface wave velocity in an initially stressed anisotropic porous layer
situated between two anisotropic heterogeneous semi-infinite spaces can be found
in this dispersion equation.

6. Particular Cases

CASE I: If ¢ — 0, i.e., if the lower interface is devoid of irregularities, the
dispersion equation (5.1) becomes
CLilommg mame  Lou,
LoLy k k k
Lz Lama mo  loa
Lo k L k

tan(mi H) =

k 2 k

The torsional surface waves in an initially stressed anisotropic porous layer posi-
tioned between two heterogeneous anisotropic semi-infinite spaces are represented
by this dispersion equation.

CAsg II: In the absence of irregularity if the semi-infinite spaces and layer
are homogenous, isotropic, non-porous and free from initial stress, i.e., If & — 0,
a; = 0, ag = 0, No = Lo = pio, Nt = Ly = p1, No = Ly = po, d =1, — 0,
&1 — 0 and & — 0, the dispersion equation (6.1) becomes

fi1 po M My MY My

pop k k k_k

6.1 tan(m) H) =
( ) ( 1 ) _ﬂ(ﬂQ 'u2m/2m6

Ho k) pr kok

ERU S R

CasE III: The dispersion equation (6.1) now has the following form if we ignore
the upper half-space (i.e., po = 0)

where

2
2 1-5
(6.2) tan [kH < - 1] B2y =

cf M1 [ .
l

Since equation (6.2) is a well-known classical finding of Love waves, the solution to
the problem under discussion is validated.

7. Numerical results and discussion

Numerical calculations are executed to illustrate the impact of varying values

of ¢, %, IZS, 12711, T2 d, &, &1, &, e and 2 + on the propagation of torsional waves
in the porous layer situated between two heterogeneous anisotropic semi-infinite
spaces, utilizing the dispersion equation (5.1).The quantitative information was

obtained from (Gubbins [3]). £ varies with kH for various values of those, as seen

in the figures. In all of the ﬁgures the values of L1 =0.2, L2 = 0.8064, °1 = 4.032,
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1 ullk =0.20
2. allk =0.50
3. (Xl/k =0.90

2+ 4

15 2 25 3 35 y 4 45 5 55 6

FIGURE 2. Phase velocity variations for the torsional surface wave
for various values of %*.

1 azlk =0.20
2. azlk =0.40
3. azlk =0.90

2 25 3 KH 35 4 45

F1GURE 3. Phase velocity variations for the torsional surface wave
for various values of 52

Cé = 0.004, kr = 0.01, £ = 0.01 and = 0.02 have been maintained fixed. All

of these figures demonstrate that under postulated condition, dimensionless wave
number kH drops with increasing phase velocity < =.

For the fluctuations of heterogeneity parameters Stand%? of the upper and
lower semi-infinite spaces, respectively, Figures 2 and 3 show the phase velocity
variations of torsional surface waves. Figure 2 delineates that when heterogeneity
increases, the phase velocity of torsional surface waves drops, but the increasing
effect in heterogeneity is found in Figure 3. The curves in this case, which accumu-
late at a single point, show that phase velocity stays constant for the same wave

number even when %% and “? varies.

k
The effects of ratios of directional rigidities, f—;’, % and N"‘, on the phase
velocities of torsional surface waves are shown in Figures 4, 5 and 6 Figures 4 and

6 show an almost comparable increasing effect of ]g—g and ]g—;“ on the phase velocity.
However, Figure 5 shows a declining influence of ]Lv—ll

The fluctuation of torsional surface wave velocity for the changing of porosity
d is shown in Figure 7. The value of d has been determined to be 0.50, 0.55, and
0.60 for curves no. 1, no. 2, and no. 3. It states that phase velocity increases as
porosity factor increases.
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35 : : : : : : :
1 NJL,=010
2. Ny/L,=050
3 3. Ny/L,=090
-
S 250
2+
15 25 3 35 ., 4 45 5 55 6

FIGURE 4. Phase velocity variations for the torsional surface wave
for various values of % .

35 T T T T T T T T
1 NJL =030
2. NJ/L =0.40
171
3 —[1] 3. Ny/L, =050 |1
250 .
-
3
2_ -
1575 2 25 3 35 4 25 5 55
. ) 5 . .

FIGURE 5. Phase velocity variations

for various values of %

o

for the torsional surface wave

1 NZIL
2. NJL

=0.10
=0.40
=0.90

2
22
3. NJL,

FIGURE 6. Phase velocity variations for the torsional surface wave
for various values of %

The effects of initial stresses of upper semi-infinite space, layer and lower semi-
infinite space respectively on the phase velocities of torsional surface waves are
shown in Figures 8, 9, and 10. In Figures 8 and 10, the growing influence of &g
and &5 on the phase velocity is nearly the same,, but Figure 9 shows a decreasing
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1. d=050
2. d=055
_m 3.d=0.60

(;’c1

FI1GURE 7. Phase velocity variations for the torsional surface wave
for various values of d.

FIGURE 8. Phase velocity variations for the torsional surface wave
for various values of &.

adf T T T T T T T ]
1 El =0.20

3 ~{1] 2.8=050 | ]
28t 3.£,=080 |
26t .

2.2F

1.8

1.6 £

FI1GURE 9. Phase velocity variations for the torsional surface wave
for various values of &;.

effect of &;. Furthermore, the phase velocity is significantly impacted by &y and &
at lower frequencies, whereas & has a greater impact at higher frequencies.

The effect of various irregularity parameters ¢ size is discussed in Figure 11.
This figure shows that the irregularity parameter significantly affects the torsional
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18,2020 |1
2.5,=050 |
3.£,=090

FiGure 10. Phase velocity
wave for various values of &;.

variations for the torsional surface

1.¢ =0.01
2.85¢ a iE 262003 |
»d 5 3e=005 | |
2.75+ 1
-
° o 1
2,65+ .
2 8 28 29 295 3 " 305 31 3.15 32 3.25 33

FIGURE 11. Phase velocity
wave for various values of ¢.

k

variations for the torsional surface

LoH=5
28+ \ -1 2.b/H=10 | -
3.bH=15

N8 '

524 -
3

224 -

2_ -

18- £

25 3 35 4 45 5 55 6

FIGURE 12. Phase velocity
wave for various values of %

kH

variations for the torsional surface

wave’s ability to propagate. At a certain frequency, the phase velocity decreases as

€ grows.

The impact of the fraction 2

H

on the torsional wave’s propagation in a porous

medium is shown in Figure 12. This picture shows that the phase velocity falls at
the same frequency as the dimensionless ratio % increases.
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8. Conclusions

The dispersion equation is determined analytically through the study of
torsional surface wave propagation in an initially stressed porous layer sandwiched
between two heterogeneous anisotropic semi-infinite spaces. The dispersion equa-
tion for a homogeneous layer over a homogeneous half-space has been found to
accord with the classical conclusion of the Love wave when the upper semi-infinite
space is absent. A graphical representation of the impact of porosity, anisotropic
factor, irregularity, non-homogeneity and initial stress on the dimensionless phase
velocity has been provided.

Torsional wave phase velocities are positively impacted by the heterogeneity
features of the lower semi-infinite space, while they are negatively impacted by those
of the upper semi-infinite space. Anisotropic factors of the upper and lower semi-
infinite spaces have increasing effects on phase velocity; however, for porous layers,
their effects are diminishing. Porosity is observed to have a considerable increasing
influence. Phase velocity is affected more by initial stresses of the semi-infinite
spaces than those of the porous layer. The phase velocity of torsional surface waves
is also affected by different irregularity sizes. As there is no particular method, it
has become very difficult to examine the interior of the Earth. Therefore, more
research needs to be done about the structure of the earth. Until now, technologies
have not provided much vision to explore the interior structure properly. So, it is
of primary importance to study about different types of layers and characteristics
of the materials to understand the influence of those layers and materials inside
the Earth. In porous media, the energy of a seismic wave dissipates rapidly. In
this article, torsional surface wave propagation through a porous media situated
between two semi-infinite spaces under the effect of irregularity has been explored.
While most academics looked at irregularities at the lower interface as triangles
or rectangles, the irregularity is taken into account in the current study for the
first time as a semi-four-cusped hypocycloid. Additionally, fluctuations in density,
initial stress, and directional rigidities are taken into account in both half-spaces
and layers, whereas the majority of authors simply took these variations in rigidity
and density.
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EPEKAT XUIIOIIMKJIONJHE HEITPABUJTHOCTU
HA TOP3UOHE ITOBPIIINMHCKE TAJIACE ¥
BUIIICJIOJHOM CUCTEMY

PE3UME. OBa Tema je nocBeliena ucrpazkupamy edeKara I0JIy-4eTBOPOKPAKE XU-
[IOIUKJION/THE HEIIPABUJIHOCTH HA TOP3UOHE ITOBPIIMHCKE TAJIACE Y HONIETHO HAIIPEr-
HYyTOM aHHM30TPOIIHOj [IOPO3HO] CPEJIMHU KOja ce Haja3u u3Mely JiBa aHH30TPOIIHA
HEXOMOTeHa MoJIybecKoHadHa npocTopa. Hempasmwinoct ce manudecryje Kao moury-
YeTBOPOKPAK XUIIOIUKJIONI Ha HHTEPdEjCy Ie Cy CJI0j U JOU I0JIyOeCKOHATHU
pocTop pasjsojenu. IIpernocraBiba ce j1a ycMepeHa KpyTOCT, TYCTHHA U [TOYeTHU
HAIIOH BapHUPajy y TOPHEM H JIOHEM HO0JIYy-0eCKOHATHOM IIPOCTOPY €KCIOHEHIIH]jaI-
HO 1 xunepbosmuku, peaom. Jlucrepsnona jeqHaunHA TOP3MOHUX TaJiaca ce Jaje
y 3arBOpeHoM o0suKy. JlomaTHo, jemHadnna Op3uHe ce HAJIA3W y CIy4ajy Ja HEMa
menpasuiHocTd. CTyamja MoKasyje Jia XeTepOreHoCT JIOHmEer MOJIyDeCKOHATHOT PO~
CcTOpa, IOYeTHa HAIpe3ama U yCMepHe KPYyTocTu oba 1oybecKOHadHA IIPOCTOPA,
Ka0 ¥ IOPO3HOCT CJIOja MMajy MOBOJbAH YTHUIR] Ha (ha3Hy Op3UHY TOP3UOHMX IIO-
BPHIMHCKUX Tajaca. MehyTum, xereporeHocT ropmer noy0ecKOHAMHOr IIPOCTOPA,
OJIHOC YCMEPEHNX KPYTOCTH U MOYETHOI HAIIpe3arma CJI0ja U ImapaMerap HelpaBu-
HOCTH MMajy HeraTuBaH yTuiiaj. Takohe je mpumehero ma ce, y ciy4ajy yHUMDOPMHE
cpejiuHe, jeHaYnHA Op3UHE CBO/IM Ha KOHBEHIIMOHAJIHY jeHaqnny 3a JIoBoB Tasrac.
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