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Abstract. The present article deals with the study of propagation of plane wave and
fundamental solution in the thermoporoelastic medium. It is found that for two dimensional
model, their exist three longitudinal waves, namely P;-wave, P,-wave and T-wave in addition
to transverse wave. Characteristics of waves like phase velocity, attenuation coefficient,
specific loss and penetration depth are computed numerically and depicted graphically. The
representation of the fundamental solution of the system of equations in the thermoporoelastic
medium in case of steady oscillations is considered in term of elementary functions. Some basic
properties of the fundamental solution are established. Some special cases are also deduced.
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1. Introduction

Poroelastisity is the mechanics of poroelastic solids with pores filled with fluid. Mathematical
theory of poroelastisity deals with the mechanical behaviour of fluid saturated porous medium.
Pore fluid generally includes gas, water and oil. Due to different motions of solid and fluid
phases and complicated geometry of pore structures, it is very difficult to study the mechanical
behaviour of a fluid saturated porous medium. The discovery of fundamental mechanical effects
in saturated porous solids and the formulation of the first porous media theories are mainly due
to Fillunger [1], Terzaghi [2,3 ,4] and their successors.

Based on the work of VVon Terzaghi [2,3], Biot [5] proposed a general theory of three
dimensional consolidation. Taking the compressibility of the soil into consideration, the water
contained in the pores was taken to be incompressible. Biot [6,7] developed the theory for the
propagation of stress waves in porous elastic solids containing a compressible viscous fluid and
demonstrated the existence of two types of compressional waves (a fast and a slow wave) along
with one share wave. Biot’s model was broadly accepted and some of his results have been
taken as standard references and the basis for subsequent analysis in acoustic, geophysics and
other such fields.

For the thermoporoelastisity problems, coupled thermal and poro-mechanical processes
play an important role in a number of problems of interest in the geomechanics such as stability
of boreholes and permeability enhancement in geothermal reservoirs. A thermoporoelastic
approach combines the theory of heat conduction with poroelastic constitutive equations and
coupling the temperature fields with the stresses and pore pressure.

Rice and Cleary [8] presented some basic stress-diffusion solutions for fluid saturated
elastic porous media with compressible constituents. There exists a substantial literature
treating the extension of the well known isothermal theory to account for the effects of thermal
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expansion of both the pore fluid and the elastic matrix [eg. Schiffman [9], Bowen[10],
Noorishad[11]].

McTigue [12] developed a linear theory of fluid saturated porous thermoelastic material
and this theory allows compressibility and thermal expansion of both the fluid and solid
constituents. He presented a general solution scheme in which a diffusion equation with
temperature dependent source term governs a combination of the mean total stress and the fluid
pore pressure.

Kurashige [13] extends the Rice and Cleary [8] theory to incorporate the heat
transportation by a pore fluid flow in addition to the effect of difference in expansibility
between the pore fluid and the skeletal solid and presented a thermoelastic theory of fluid-filled
porous materials. This theory shows that the displacement field is completely coupled with the
pore pressure and temperature field in general, however, for irrotational displacement, the first
field is decoupled from the last two, which are still coupled to each other. This pore pressure-
temperature coupling involves nonlinearity.

Abousleiman and Ekbote [14] obtained the solutions for the inclined borehole in a
porothermoelastic transversely isotropic medium. Bai [15] studied the fluctuation responses of
porous media subjected to cyclic thermal loading. Bai and Li [16] obtained the solution for
cylindrical cavity in a saturated thermoporoelastic medium.

Jabbari and Dehbani [17] considered the classical coupled thermoporoelastic model of
hollow and solid cylinders under radial symmetric loading conditions and presented a unique
solution. Ganbin et al. [18] obtained the solution in saturated porous thermoviscoelastic
medium, with cylindrical cavity that is subjected to time dependent thermal load by using
Laplace transform technique. Gatmiri et al. [19] presented the two-dimensional fundamental
solutions for non-isothermal unsaturated deformable porous medium subjected to quasi- static
loading in time and frequency domain. Li et al. [20] presented the study state solutions for
transversely isotropic thermoporoelastic media in three dimensions.

Jabbari and Dehbani [21] considered the quasi- static porothermoelasticity model of
hollow and solid sphere and obtained the displacement, temperature distribution and pressure
distribution due mechanical, thermal and pressure source. Liu et al. [22] studied the relaxation
effect of a saturated porous media using the two dimensional generalized thermoelastic theory.
Belotserkovets and Prevost [23] obtained an analytical solution of thermoporoelastic response
of fluid-saturated porous sphere.

Bai [24] derived an analytical method for the thermal consolidation of layered saturated
porous material subjected to exponential decaying thermal loading. Mixed variation principal
for dynamic response of thermoelastic and poroelastic continua was discussed by Apostolakis
and Dargus [25]. Hou et al. [26] discussed the three dimensional Green’s function for
transversely isotropic thermoporoelastic biomaterial. Jabbari et.al. [27] presented the thermal
buckling analysis of functionally graded thin circular plate made of saturated porous material
and obtained the closed form solutions for circular plates subjected to temperature load.

Liu and Chain [28] discussed a micromechanical analysis of the fracture properties of
saturated porous media. He et al. [29] studied the dynamic simulation of landslide based on
thermoporoelastic approach. Nguyen et al. [30] discussed the analytical study of freezing
behaviour of a cavity in thermoporoelastic medium. Wu et al. [31] presented a refined theory
of axisymmetric thermoporoelastic circular cylinder.

Svanadze [32, 33, 34] constructed the fundamental solutions in thermoelasticity with
microtemperature and micromorphic elastic solid with microtemperature. Svanadze and his co-
workers [35, 36, 37, 38] also constructed the fundamental solution and basic properties in
thermomicrostretch, micropolar thermoelsticity without energy dissipation and full coupled
theory of elasticity for solids with double porosity.


http://www.sciencedirect.com/science/article/pii/S0020722511001200
http://www.sciencedirect.com/science/article/pii/S0020722511001200

Plane wave and fundamental solution in thermoporoelastic medium 103

Kumar and Kansal [39, 40, 41] obtained fundamental solution in thermomicrostrech,
micropolar thermoelastic diffusion, micropolar thermoelastic diffusion with voids. Kumar and
Kansal [42] also investigated the plane wave and fundamental solution in thermoelastic
diffusion. Kumar et.al [43] studied the plane wave and fundamental solution in the theory of an
electro- microstretch generalized thermoelastic solid.

Kumar and Gupta [44] studied the plane wave propagation in an anisotropic thermoelastic
medium with fractional order derivative and void. Sharma and Kumar [45] studied the
propagation of Plane waves and fundamental solution in thermoviscoelastic medium with
voids. Plane wave propagation in microstretch thermoelastic medium with microtemperature
was studied by Kumar and Kaur [46]. Fundamental and plane wave solution in swelling porous
medium was studied by Kumar et.al [47].

Scarpetta et.al [48] constructed the fundamental solution in the theory of thermoelasticity
for solids with double porosity. Kumar and Gupta [49] studied the Plane wave propagation and
domain of influence in fractional order thermoelastic material with three phase lag heat transfer.

The present study deals with the study of propagation of plane waves and fundamental
solution in the thermoporoelastic medium. Characteristics of waves like phase velocity and
attenuation coefficient, specific loss and penetration depth are computed numerically and
depicted graphically. The representation of the fundamental solution of the system of equations
in the thermoporoelastic medium in the case of steady oscillations is considered in term of
elementary functions.

2. Basic Equations
Following Jabbari and Dehbani [50], the field equations are given by

A+ WVV.u + puV?u — aVp — BVT = p%, (1)
k . . L.

;Vzp —a,p — YT — adivit = 0, 2)
KV?T — ZT,T + YT,p — BT,divit = 0, (3)

where u is the displacement component, p is the pore pressure, p is the bulk mass density, a@ =
1 —% is the Biot’s coefficient, C, = 3(1 — 2v,)/E, is the coefficient of volumetric
compression of solid grain, with E and v, being the elastic modulus and Poisson’s ratio of solid
grain, C = 3(1 — 2v)/E is the coefficient of volumetric compression of solid skeleton, with E
and v being the elastic modulus and Poisson’s ratio of solid skeleton, T, is initial reference

as

temperature, f = 37 is the thermal expansion factor, a; is the coefficient of linear thermal
expansion of solid grain, Y = 3(na,, + (a — n)as) and a,, = n(C,, — C;) + aC, are coupling
parameters, a,, and C, are the coefficients of linear thermal expansion and volumetric
compression of pore water, n is the porosity, k is the hydraulic conductivity, ¥, is the unit of

pore water and Z = L=PsCs+oway

is coupling parameter, p,, and p, are densities of pore water
0

and solid grain and c,, and ¢, are heat capacities of pore water and solid grain and K is the
coefficient of heat conductivity.

3. Formulation of the problem
We consider a homogeneous thermoporoelastic medium. For two dimensional problems, we
take displacement vector u as:

u=Q0u) N 4)
We define the dimensionless quantities as:
* * A+2u
x’ — X, u’ = M , — L , 2 — ,
€1 BTo Zﬁ'To 1 P
" T « ZT,
t’:(l)t,T’:—,a) :Lcl’ (5)

Ty K
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i =1,23.
The displacement components u; and us; are related to the potential functions
D (xq,x3,t), P(xq1,%3,t) aS:
_00 _ow _00 0¥
U = a_x1 dx3’ Uz = dx3 + dxq (6)
Using equation (4) on (1)-(3) and applying the dimensionless quantities defined by (5),
with the aid of (6), after suppressing the prime, yield

2¢p —gqp— T - 2% _
Voo ap T 6t2 =0, (7
6°Viy —oz = =0, ] (8)
byV2p — by 22— by 5 — 2 [V200] = 0, 9)
b4V T bsa‘l' bGE__[VZ ] 0, (10)
where
2 _ M _ kw'p _appct __Ypc? _ Kw'p _ Zpc? Ypc?
S DT =T Be= T be=tan b =Tmn be =g
ouy | Ous g2 O | 9
ande—al ax3'v_ax§ axz "

4. Solution of Plane waves

For Plane harmonic waves, we assume the solution of the form:

(@,%,p,T) = (®,¥,p,T)elBxihitxsla)-wt] (11)
where w( & ¢) is the frequency and ¢ is the wave number and c is the phase velocity.
®,W,p, T are undetermined constants that are independent of time t and coordinates x;, x3. I3
and [;are the direction cosines of the wave normal to the x;x; —plane with the property
12+13=1.

' Using (11) in (7), (9) and (10), we obtain a system of three homogeneous equations in
three unknowns and these equations has non-trivial solution if the determinant of the
coefficients of the system vanish, which yields the following characteristic equation in c as:

H1C6 + H2C4 + H3C2 + H4 = O, (12)
Where

F
Hy = a)6 < ,H, = ot ,H3 :w_zlelL =Fi,

F, = —b;b, , F, = bybyw? + iw(bybs + by,by + ab, + by),
F3; = —iw3(b1bs + byby) + w?(bybs + bsbg — abs + abs + bg + by),
F, = —w*(bybs + b3by) .

The complex coefficient implies that three roots of this equation may be complex. The
complex phase velocities of the longitudinal waves, given by c¢;, i = 1,2, 3, will be varying
with the direction of phase propagation. The complex velocity of a longitudinal wave, i.e.
c; = cg + ic;, defines the phase propagation velocity v, = (c,% + cz)/cR, attenuation quality

factor Q;* = —2¢;/cg , Specific loss R; = |(c3 + c?)/wq|

for the corresponding wave. Therefore, three waves propagating in such a medium are
attenuating. The same directions of wave propagation and attenuation vector of these waves
make them homogeneous wave. The waves with phase velocity, attenuation quality factor,
specific loss and penetration depth i.e. V;,Q;',R;and S;(i =1,2,3,) may be named as
P;-wave, P,-wave and T-wave that are propagating with the descending order of their
velocities, respectively.
Substituting the value of ¥ from (11) in (8), we obtain:

(w? — 6282)¥ = 0, (13)
which yield
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c=14 (24)
The equation (13) corresponds to transverse wave which travel with phase velocity §.

5. Special Case
In the absence of porosity effect, characteristic equation reduces to:

H5C4 + H6C2 + b4 = O, (15)
where
Fe F: . .
Hs =% Hg = =%, Fs = —byw? — iw(bso + 1), Fs = iw’bso,
h — pSZ‘CSC%
where b, = 527,

and the equation (13) remains the same because it is not effected by porous effect.

6. Steady Oscillations

For steady oscillations, we assume the displacement vector, pressure and temperature change,

of the form:

(u(x, t),p(x,t),T(x,t) = (u,p, T)e 't (16)
Making use of dimensionless quantities defined by (5), in (1)-(3) and with the aid of (16)

yields:

(1—-6%)VV.u+ (6°V%2 + w?>)u — aVp — VT = 0, (17)
a,V?p + iwa,p + iowT + iwasz divu = 0, (18)
a, V2T + iwasT + iwagp + iwa,divu = 0, (19)
where

kw*p ap B ap kw* BT,
al :m, az :pT, a3 :chf’a4: C% ,a5 :ZTo, aGZYﬁTo, a7 :pT;

We introduce the matrix differential operator:
F(Dx) = “th(Dx)”SxS’ (20)
where

92 a
Fnn(Dy) = (52V2 + w2)5mn +(1- 52) 9% 02! Frna(Dy) = _aa '
a . a . a

FmS(Dx) = _a! F4n(Dx) = lwas al FSn(Dx) = lwday a!
F4(Dy) = iway + a,V?, Fu5(Dy) = iw, Fsa(Dy) = iwag,
Fss(D,) = iwas + a,V?, m,n = 1,2,3, (21)

and &,,,, is the Kronecker delta.

The system of equations (17)-(19) can be written as:

F(D,)U(x) =0, (22)
where U = (u,p, T) is a five component vector function on E3.

We assume that
85%a,a, #0 (23)

If the condition (23) is satisfied, then F is an elliptic differential operator, Hormander
[55].

Definition: The fundamental solution of the system of equations (17)-(19) (the
fundamental matrix of operator F) is the matrix G(x) = ||Ggn (%) ., satisfying condition,
Hormander [51]:

F(D,)U(x) = §(x)I(x), (24)
where &() is the Dirac delta function, I = ||8,]|, . is the unit matrix and x = E3.

Now we construct G(x) in terms of elementary functions.

6.1 Fundamental solution of system of equations of steady oscillations. We consider
the system of equations:
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82V2u+ (1 —6%)VV.u + iwasVp + iwa,VT + w?u = H; (25)
—adivu + (iwa, + a;V?)p + iwagT = L; (26)
—divu + iwp + (iwas + a, V)T = M, (27)

where H is three components of vector function on E3 and L, M are scalar functions of E3.The
system of equations (25)-(27) may be written in the form:
F(D,)U(x) = Q(x), (28)
where F" is the transpose of F, Q = (H,L, M) and x = E3,

Applying the operator div to (25), we obtain:

(V2 + w?)divu + iwa;V?p + iwa,V?T + w?divu = divH (29)
The equations (26), (27) and (29) can be written in the form:
N(D)S = Q, (30)
where § = (divu,p,T), Q = (d,,d,, d3) = (divH,L, M), and
V2 + w? iwazV? iwa, V?
N(Q) = [INpnDllzxz = || —«a iwa, + a,;V? lwag (31)
-1 iw iwas + a,V?
The equation (30) can also be written as:
LS =¥, (32)
where W = (W1, ¥,,¥3) ¥ =e* 231 Nn dom
[,(A) = e*det N(A),e* = i n=1.23, (33)

and N, is the cofactor of the elements N,,,,, of the matrix N.
From (31) and (33), we see that
L) = [T=1(A + A3, (34)
where 12,, m = 1,2,3 are the root of the equation I; (—k) = 0 (with respect to k).
Applying operator I3 (A) on (25), we have:
L(A)[6*Vu+ (1 — 8§)VV.u+ iwazVp + iwa,VT + w?u] = I;(A)H
[(A)[6%V?u + w?u] = I[(A)H — grad[(1 — §)¥; + iwaz¥, + iwa, V5]

2
L) [V? + 55| u = S [LA)H - grad{(1 - 69)¥, + iwa¥; + iwa,¥s}]
L(D[V? + 2Zu = < [[1(A)H — grad{(1 — 62)¥, + iwas¥; + iwa,Ps}]

L[V + Alu=9", (35)
2
where 25 = =,
Y = = [L(AH — grad{(1 — 62)¥, + iwas ¥, + iwa;¥3}] (36)
From equations (32) and (35), we obtain:
O(AU(x) = P(x), (37)

where P(x) = (W', ¥,,¥s),
and ©(4) = [|04n (D), .; Omm () = LAV + 23], m = 1,2,3;
044(8) = 055(8) = I[(A), 4, (A) = 0, g,h = 1,23,45, g % h.
The equations (33) and (36) can be written in the form:

144 1 * * - * *
Y= 5 [(A)H — grad(1 — 6%)e* Y3, _ NS dpy, + iwas grade* Y3 _ N, dy, +
lwa; grad e” Z$n=1 Nps dpl,
p = %I}(A)H + %e*grad div H{—(1 — 6*)N;, + iwa3N;, + iwa;Nj3)} +
S—IZe*grad L{—(1 = 6%)N;, + iwazN;, + iwa;N;3)} + S—IZe*grad M{—(1—6%)N;, +
iwazN3, + iwa;N33)3,
p = [8—121"1(A)] + q,,(A)grad div] H+ g,,(A)grad L + g3,(A)grad M,
¥V, = q12(8) divH + q,(A) L + q3,(A) M, (38)
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V3 = q13(8) divH + q,3(4) L + q35(8) M,
where J = || gn .., is the unit matrix and
q11(8) = e {- (1 — 8*)N{; + iwaz Ny, + iwa; Nyi3)},
q21(8) = e *{=(1 = 8%)N;; + iwazN;, + iwa;N,3)3,
q31(8) = e “{=(1 = 6%)N3; + iwazN3, + iwa; N33)},
qm2(8) = e "Nz » Gm3(8) = e"Np3, m=1,23.

Now from equations (38), we have:
P(x) = R (D,)Q(x),
Where R is the transpose of R, and

= ”Rmn”5><5:
62

mn(Dx) = 52 H(A)‘Smn t+ Qi 0% m 0%y m4(D ) =421 75— 9% mS(Dx) =

5
Ryn(Dy) = q12 a, Rs,(Dy) = qi3 a, ,n =123,
R4s(Dy) = qy2, R46(px) = (32, Rs4(Dy) = 23, Rs5(Dy) = qa3.
Now from equations (28), (37) and (39), we have:
OU = RYF'U.
It implies that R F'" = @, and hence
F(D,)R(D,) = ©(4).
We assume that: 22, # A3 # 0, m,n = 1,2,3,4, m # n.
Let Y(x) = ”Yrs(x)”5><5) Ymm(x) = Z;lelrlnzn(x)! m = 1,2,3,
Yy (x) = Y55(x) = 213;=1 Ton&n (X)
Yo(x) =0, u,v=1234,5 u=v,
where

E.(x) = ~ix |exp(L)L x]), n=1,234,

er = Hm 1m¢l(’12 l) -1 Y l = 11213141

Ty = m 1m¢v(’12 /1127)_1r v=1234,
We will prove the following Lemma:

0

Q31_axm,

The matrix Y defined above is the fundamental matrix of operator ®(A), that is

O(A)Y(x) =s(x)I(x).
Proof: To prove the lemma, it is sufficient to prove that:
L (A)(A + 2)Y11 (x) = 8(x) , [1(A)Yya(x) = 6(x).
We find that:
Ty + 1tz 1 = %

ty = (A3 =) —ADA5 - 23) , t2 = (4] — 25 (A — A5) (43 — 13),
ts = (AL =) — 2D (A3 — AD) , t, = (A — 25 (A] — A5) (A5 — A3),
ts = (Af —A3)(A] — A5 (A — AD (A3 — 25 (A3 — 25 (A5 — 29).
Using (47) in (46), yield
11+ 71+ 13 + 114 =0,
T12(A3 — A3) + 113(A] — 23) + 1, (A — 23) = 0,
ri3(Af — 2345 — A%) + 7”14(1% - 255 - 13) =0,
7’14(/12 /14)(/12 )(/12 ) =1,
(A+ 23)E,(x) = §(x) + (A%, — 22)E,(x) ,m,n = 1,2,3,4.
Now consider:

L)+ /14)Y11(x) = (A +2)A+25)A+ 13)(A+ 23) Xy i (x) =

=+ 2B+ 23+ 1) Xhoimnl6(x) + (A — 22)E,(0)]=

= A+ 2)Q+ DA+ 2D[6(x) Xr=1 T1n + =2 T1a(A] — 42)E(0)] =

107

(39)

(40)
(41)

(42)

(43)

(44)
(45)

(46)

(47)

(48)
(49)
(50)
(51)
(52)
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=(A+2)A+1)A+213) Tnos 11, (4 — A& (x) =

= (A +23)(A+23) Xi-211a(A = D) (x) + (A3 — 1), (x)] =

=(A+25)A+2) X2 rin(A = 3) (A5 — 225, (x) =

= (A +23) =3 11n (4] — 22D (A5 = ) [6(x) + (15 — 125 ()] =

= (A +2) X311 (A — 1) (A5 — 22) (A3 — 23)E, (%) =

= (A + 2D)E,(x) = 5 (x). (53)
Similarly, I; (A)Y,,(x) = 6(x), can be proved.
We introduce the matrix:

G(x) = R(D,)Y (x). (54)
From equations (42), (44) and (54), we have:
F(D,)G(x) = F(D,)R(D,)Y (x) = §(x)I(x), (55)

hence G(x) is the solution to the equations (24).

Therefore we have proved the following theorem.
Theorem: The matrix G(x) defined by (54) is the fundamental solution of the system of
equations (17)-(19).

6.2 Basic properties of the matrix G(x).
Property 1. Each column of the matrix G(x) is the solution of system of equations (17)-(19) to
every point x € E3 except the origin.
Property 2. The matrix G(x) can be written in the form:

G = [|Ggnll s

Gmn(x) = Rmn(Dx)Yll(x)a Gp4(x) = Rp4(Dx)Y44(x)a

Gps(x) = RpS(Dx)Y44(x), G4p(x) = R4n(Dx)Y44(x)’ GSp(x) = RSn(Dx)YAM(x)’
mn=123, p=1,234,5.

7. Numerical results and discussion

With the view of illustrating the theoretical results and for numerical discussion we take a model
for which the values of the various physical parameters are taken from Jabbari and Dehbani
[54]:

E =6 x 10°Pa, v = 0.3, To = 293 °K, K, = 2 x 101°Pq, K, =5x10°Paq,
K=05W/m°C, ag=1.5x10"°1/°C, ay =2 x107*1/°C, cs = 0.8]/9°C,
cw =42]/9°C, ps = 2.6 Xx10% g/m3, p, =1%x10%g/m3, n=04,a=1

The software Matlab 7.0.4 has been used to determine the values of phase velocity,
attenuation coefficient, specific loss and penetration depth of plane waves, i.e. P;-wave,
P,-wave and T-wave. The variations of phase velocity, attenuation coefficients, specific loss
and penetration depth with respect to frequency are shown in Figs. 1-12 respectively. In all the
Figures, the solid line corresponds to thermoporoelastic medium (PTE) and dotted line
corresponds to thermoelastic medium (TE).

7.1. Phase velocity. Fig. 1 depicts the variations of phase velocity of V; with frequency
w for PTE and TE. In case of PTE, the value of V; increases exponentially as w increases,
whereas in case of TE, the value of V; oscillates in the range 0 < w < 2.5 and then increase as
w increases.

Fig. 2 shows the variations of V, with w for PTE and TE. The value of V, for PTE and
TE increases gradually but due to the effect of porosity the value of V, is less for PTE as
compared to TE as w increases.

Fig.3 shows that the value of /5 for PTE when a = 0.5 increases gradually as w increases
whereas there is sharp increase in the value of V5 when a = 0.75 as w increases. Due to the
effect of porosity the value of V5, when a = 0.5 is more as compared to @ = 0.75 in the range
0 < w < 0.4 and then show the opposite behaviour for higher values of w.
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Fig. 1. Variation of phase velocity w.r.t. frequency.
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7.2. Attenuation quality factor. Fig. 4 shows the variation of Q; with w for PTE and
TE. The value of Q, for PTE and TE increases gradually as w increases but due to the effect of
porosity the value of Q; for PTE is more as compared to TE as w increases.

The variation of Q, with w for PTE and TE is shown in Fig.5. The value of Q, is
consistent for PTE whereas for TE, there is a small increase in the value of Q, as w increases.
The value of Q, for TE is more as compared to PTE due to the effect of porosity as w increases.
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Fig. 6 depicts the variations of Q5 with frequency w for PTE. When a = 0.5, there is a
small increase in the value of Q; as w increases, whereas for a = 0.75, the value of Q;
decreases exponentially for higher values of w.
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Fig. 4. Variation of attenuation quality factor w.r.t frequency.
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Fig. 6. Variation of attenuation quality factor w.r.t . frequency.

7.3. Specific loss. The variation of specific loss R; with frequency w is shown in Fig. 7.
There is a small increase in the value of R; for PTE as w increases whereas for TE, the value
of R, increases exponentially as w increases. Due to the effect of porosity the value of R; for
PTE is more as compared to TE as w increases.

Fig. 8 shows the variations of R, with w for PTE and TE. The value of R, for PTE
increases in the range 0 < w < 3.5 then starts decreasing as w increases whereas for TE, the
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value of R, decreases exponentially for higher values of w. The value of R, for PTE is less as
compared to TE due to the effect of porosity as w increases.

Fig. 9 shows the variation of R3 with frequency w for PTE. There is small increase in the
value of R; for PTE when @ = 0.5 as w increases whereas for = 0.75, the value of R; decreases
sharply for higher values of w.
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7.4. Penetration depth. The variation of S; with w for PTE and TE is shown in Fig.10.
The value of S;, for PTE, decreases exponentially whereas for TE, with small initial decrease,
the value of S; becomes consistent for higher values of w. Due to the effect of porosity the
value of S; for PTE is more as compared to TE as w increases.
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Fig. 11 depicts the variation of S, with frequency w.The value of S, decreases gradually
for all values of w for PTE and TE but the value of PTE is less as compared to TE in the range
0 < w < 3 and then show the opposite behaviour for higher values of w due to the effect of
porosity.

Fig. 12 shows the variations of S; with w for PTE. The value of S; for PTE decreases
gradually for both values of a, but due to the effect of porosity, the value of S5 is less for
a = 0.5 as compared to the value of a = 0.75.
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8. Conclusion

The present study deals with the propagation of plane wave and fundamental solution in the
thermoporoelastic medium. It is found that for two dimensional model, their exist three
longitudinal waves, namely P;-wave, P,-wave and T-wave in addition to transverse wave. The
phase velocity, attenuation coefficient, specific loss and penetration depth are computed
numerically and depicted graphically. The fundamental solution of the system of equations in
the thermoporoelastic medium in the case of steady oscillations is considered in term of
elementary functions.

Due to the presence of porous effect, the phase velocities of P;-wave for PTE remains
more in comparison to TE, whereas the phase velocity of T-wave is less for PTE in comparison
to TE for all values of frequency.

Attenuation quality factor, penetration depth and specific loss of P;-wave for PTE is more
in comparison to TE and reverse behaviour is shown in case of T-wave. The value of attenuation
quality factor, penetration depth and specific loss of P,-wave for @ = 0.5 is less as compared
to @ = 0.75 and opposite behaviour is shown for penetration depth whereas the value of phase
velocity of P,-wave is more for « = 0.5 as compared to « = 0.75 for initial values of w and
shows the opposite behaviour for higher values of w.
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