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Abstract:

The present investigation deals with the response of thermomechanical sources in a
thermoporoelastic medium. Laplace and Fourier transforms are applied to investigate the problem. As an
application of the approach concentrated and distributed sources are taken to illustrate the utility of the
approach. The expressions for displacement components, stress components, pore pressure and
temperature change are obtained in the transformed domain. Numerical inversion technique has been
applied to obtain the solution in physical domain. Effect of porosity is shown on the resulting quantities. A
particular case of interest is also deduced from the present investigation.
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Introduction:

Coupled thermal and poro-mechanical processes play an important role in a number of problems of
interest in the geomechanics such as stability of bore hole and permeability enhancement in geothermal
reservoirs or high temperature petroleum bearing formations. A thermoporoelastic approach combine the
theory of heat conduction with poroelastic constitutive equations and coupling the temperature field with
the stresses and pore pressure.

Most of the modern engineering structures are generally made up of multiphase porous continuum,
the classical theory, which represent a fluid saturated porous medium as a single phase material, is
inadequate to represent the mechanical behaviour of such material especially when the pore are filled with
liquid. In this context the solid and liquid phases have different motions. Due to these different motions,
the different material properties and the complicated geometry of pore structures, the mechanical
behaviour of a fluid saturated porous medium is very complex and difficult.

Based on the work of Von Terzaghi [1,2], Biot[3] proposed a general theory of three dimensional
deformations of liquid saturated porous solid. Biot[4,5,6] theory is based on the assumption of compressible
constituents and till recently, some of his results have taken as standard references and basis for subsequent
analysis in acoustic, geophysics and other such fields.

Kumar and Hundal [7] discussed the wave propagation in a fluid saturated incompressible porous
medium. Bai and Li [8] found a solution for cylindrical cavity in saturated thermoporoelastic medium by
using Laplace transform and numerical Laplace transform inversion. Bai [9] investigated the response of
saturated porous media subjected to local thermal loading on the surface of semi space. Bai [10] discussed
the thermal response of saturated porous spherical body containing a cavity under several boundary
conditions. He also studied the fluctuation responses of porous media subjected to cyclic thermal loading
[11].

Kaushal, Kumar and Miglani [12] discussed the response of frequency domain in generalized
thermoelasticity with two temperature. Jabbari and Dehbani [13] obtained the exact solution for classic
coupled thermoelasticity in axisymmetric cylinder. They also discussed an exact solution for quasi-static
poro- thermoelasticity in spherical coordinate[14] . Mixed variation principal for dynamic response of
thermoelastic and poroelastic continua was discussed by Apostolakis and Dargus [15]. Hou, et. al. [16]
discussed the three dimensional Green’s function for transversely isotropic thermoporoelastic biomaterial.
Jabbari et.al. [17] also discussed thermal buckling analysis of functionally graded thin circular plate made of
saturated porous materials.
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Liu and Chain[18]discussed a micromechanical analysis of the fracture properties of saturated
porous media. He et al.[19] studied the dynamic simulation of landslide based on thermoporoelastic
approach. Nguyen et al.[20] discussed the analytical study of freezing behaviour of a cavity in
thermoporoelastic medium. Wu et al. [21] presented a refined theory of axisymmetric thermoporoelastic
circular cylinder.

In the present paper, we obtain the components of displacement, stress, pore pressure and
temperature change due to concentrated source and distributed source in thermoporoelastic medium.
Laplace and Fourier transforms are used to investigate the problem. Numerical inversion technique is
applied to obtain the resulting quantities in a physical domain. The resulting quantities are shown
graphically to depict the effect of porosity.

Governing Equations

Following Jabbari and Dehbani [22], the basic equations are
(h+ () VY8 + pV?i — aVp — VT = p 22, W)

%Vzp —a,p—YT — adivii =0 | (2)

KV2T — ZT,T + YTop — BTedivii =0 (3)
a1j = Migredy; + nuy; + ;) — apdy; — BT, (4)

where 1 is the displacement component, P is the pore pressure, p is the bulk mass density, @ =
Cs . . o . . . . .
1- ?S is the Biot’s coefficient , C; = 3(1 — 2v;)/E; is the coefficient of volumetric compression of

solid grain , with Eg and Vg 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

. . , . . C . 3as .
elastic modulus and Poisson’s ratio of solid skeleton , T} is initial reference temperature , § = TS is the

thermal expansion factor , &g is the coefficient of linear thermal expansion of solid grain ,Y =

3(nay, + (@ —n)ay) and a, = n(C,, — C5) + aC; are coupling parameters , a,, and C,, are the

coefficients of linear thermal expansion and volumetric compression of pure water , n is the porosity , k is

(1-n)psCs+npwCw
To

, Pw and p are densities of pore water and solid grain and C,,, and C are heat capacities of pore water and

the hydraulic conductivity , ¥, is the unit of pore water and Z = is coupling parameter

solid grain and K is the coefficient of heat conductivity.

Formulation of the problem
We consider homogeneous thermoporoelastic half space x3 = 0 of a rectangular Cartesian

coordinate system (X1, X, X3) having origin at the surface x3 = 0, X3 - axis pointing vertically downward
in the medium. A concentrated and distributed mechanical or thermal source is assumed to be acting at the

origin. We restrict our analysis to the plane strain parallel to X; — X3 plane. The complete geometry of the
problem is shown in Fig.1. So we take displacement vector U as

U = (uq(xq,x3),0,u3(xq,x3)) (5)
Equations(1)-(3)with the aid of (5) ,take the form

2 Ge L0 _por 0w
uVZu, + (A + w) omr ~ Con = P o (6)

© 2016. The Authors. Published under Afro Asian Journal of Science and Technology
264



AFRO ASAIN JOURNALS

Satinder Kumar et al, Afro Asian J Sci Tech, 2016,3(1),263-283

ISSN 2349-4964

de 49 _p0T 0ug K g2, _
ox dx3 otz "’ @) Yw vep
, (8) KV2T — ZT,T +
(9)
We define the dimensionless quantities
, * ' * ' w* w’pcy w pCy ' p
X1 = X,X— x,u= u,u Uus,p =4,
1= % X3 35U pr, W10 Us = Tt UsP =
2 M2p * _T o _ ZToci " _ Os3 "= 31
Cl == , t = w t,T —_ To ,(1) % ,0-33 ﬁT’ 31 ﬁTo (10)
where w” is a constant having the dimensions of frequency.
Using the dimensionless quantities defined by (10) in equations (6)-(9) yield
de ap. oT _ 0%u,
ox X, + a1V u1 a2 Ix a3 ax1 — a4 8t2 ’ (ll)
de 2. 819 ar _  9%u3
P —+a,V u3 U5~ W5 = WaYn (12)
2 O, 0T _de
b1V P b2 b3 at gt =0 , (13)
e
b4_VT b56_+b6__a= ’ (14)
where
2 .
B _apcy _ _PCc pci kw’p AppPCy
UG = 2T o BTy % T ’bl_ywa by a
Ypcyi Kw*p Zpcy Ypci
b3 « b, B2T, ’ bs B2 , be gz’
0w ous
and e = e, Doy
The displacement components U, and U3 are related to the potential functions D (xq,x3,t)
, P (xq,x3,t) as
1= 6x1 6x3 ’ 3 6x3 axl 15
Equations (11) - (14) with the aid of (15) take the form
9%
(14 a)V?® —a,p — asT — ay57=0 , (16)
2%y
alvlll,_a4_62_0 , (17)
blvzp - bz at b3 E - = [VZ(D] 0 B (18) b4V2T -
oT 7]
bs 5+ b 3F — = [V2] Zo (19)
We define the Laplace and Fourier transforms as follows:
£ Y —st
]i(S) = fo f(®e™stdt (20)
~ o = .
f© == [__f(&e dx (21)

Applying Laplace and Fourier transforms defined by (20) and (21) on equations (16)-(19) and eliminating p

and T from resulting equations, we obtain

I:Ald6+A2d4+A3d2+A4:|5:0, (22)
d2 =
a, (d—%—éz)‘l’—%sz‘l’ =0 (23)
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where

Ay =bby(1+ay), A, =
_3§2b1b4‘(1 + al) - 5(1 + al)(ble + b2b4) - a4b1b452 - a2b4S - a3b1$ y

Ay = 38"hb,(1 + ay) + 28°s(1 + ay)(bybs + byby) + s2(1 + a;)(bybs + byb,) +
2&_,252a4b1b4 + a453(b1b5 + b2b4) + 2§2a2b4s - azsz(b3 - bs) + 2§2a3b1$ + a352(b6 + bz)
Ay = b1y (1 + ay) = s&" (1 + ay) (bybs + byby) + 526 (1 + ay) (bybs + byb,) —
a4b1b452§4 - ‘1453&2 (b1bs + byby) — a45*(bybs + byby) — aybys §4 + a,s?(bs — bs)éz -
g'ashys — azs*e’ (bs + by) .

Solving (22) and (23) and assuming that 5 IT’ ﬁ 7:w —0 as X3 — o0 we obtain the value of 5 {I_V’, ﬁ and

Tas (75, p 721) =
i=1(1, 7, 5;) Bie™™i*s (24)

P = B,e~ M43 (25)

where my, Mm,, Mz are the roots of the equation (22) and
my = \/A_s

where Ag = & + %Sz

and the coupling consltants are given by

ry = bys(mf =) +(bss?bss?) (m} ") (26)
b byby(m2=2)" = (b1bss+bybss)(mP—E)+(bybss2+bsbes?)
bls(m &2)2 (bes?+bys?)(m?-£)
biby(m?—¢ ) —(b1b55+b2b4s)(m S )+(bzb552+b3b652)
The displacement components u1 and U3 u3 are obtained with the aid of (20)-(21) and (24)-(25) as
U, = —Bjife~ ™*s — B,ife” M2¥3 — B.jfe” ™3¥3 4+ B,m,e” M4¥3 (28)
U3 = —Bymye” ™% — Bom,e~ 2% — Bamge” ™3¥3 — B,jfe” M4¥3  (39)

(i=1!2v3) . (27)

Boundary Conditions
The boundary conditions at X3 = 0 are

oT
033 = —F1F(x1,1),031 = —FF (x1,t), p = F3F (x4, t)»a = F,F(x4,t) 30)

where F;, F, are the magnitudes of the forces , F3 is the constant pressure applied on the boundary and
F,is the constant temperature applied on the boundary. F (x4, t) isa known of x4 and t.
Applying Laplace and Fourier transforms defined by (20)and (21) on (30) and with the aid of (10) , we

obtain
—_— = —_— = =~ = T =
0-33 = _F]_F(é, S), 0-31 = _FzF(é, S), p = F3F(é, S),a_x3 = F4F(é, S) ,at x3 = 0(31)
where
du3 =~ =
033 = —Ryicu; + R, —ap =BT (32)
d ==
_ L __ A2u _ b
and Rl = pCJZ_, R2 = pC]2_ , R3 = pCf

Case 1: For normal force F, = F3 = F, =0
Case 2: For tangential force F; = F3 = F, =0
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Case 3: For pressure source F; = F, =

o

=0
Case 4: For thermal source F; = F, = F3 =0
Substituting the values of Uy, U3 ,p and Tfrom(28),(29) and (24) in the boundary condition (31) and with
help of (32) and (33), after some simplifications, we obtain

O3 =7 [dyAe™ ™% + dyAye™ ™% + dyAge™ ™3 + dyAue” 5] (39)
G = [dsAre™ ™% + dghye™ ™% + d,Aze™ M + dghyeT ™M) (35)
p= %[T1A1e_m1x3 + 10,07 273 + r3Aze” M3 (36)
T = %[slAle‘ml"3 + 5p0,e” M2¥3 + 530 MaNs] (7)
where

A= d;dg(—mj3r;,s5 + m,rss;) — dpdg(—mgryss + myrss;) + dsdg(—myrys, + myr,s;) —
dads(—m3r,s3 + myrss,) — dadg(—myrss; + marys;) — dyd,(—myrys, + myr,s,),

d; = —Rléz + R,m? — ar; — s; where (i=1,2,3), dy = iém,(—R; + R;)

d]- = 2i&m;R3 where (j=5,6,7) , dg = —R3(mﬁ + éz),

and Ay, Ay, A3, A, are obtained by replacing[—F;, —F,, F3, F4]7 in A.

Applications:
Case1.Concentrated Source:
The values for displacement, stress, pore pressure and temperature change presented in equations (34)-(37)
will used to yield the response over the half space subjected to a concentrated source as
F(xy,t) = 6(x)6(t), (38)
where §( ) is the Dirac-delta function.

Applying the Laplace and Fourier tranceform defined by (20) and (21) on (38), yield F(§s) =1
(39)
T%?e component of displacement, stress, pore pressure and temperature change are obtained by using (39)
in (34)-(37).
Casez.Influence function:
Here F (x4,t) = W;(x,)6(t) (40) where
¥, (x,) is a known function and take two type of values
1.Uniformly distributed source
1,|x11<a

¥1(x) = {O, |2, | > a}'
where 2a is non-dimensional width of the strip.
Applying the Laplace and Fourier transform defined by (20) and (21) on (40) and (41), we obtain

F(&s) = [(2singa) /] (42)

2. Linearly distributed source

[%4]
1 - X S a
qll(xl) :{ a | 1| };
O) |x1| >a

where 2a is non-dimensional width of the strip.

Applying the Laplace and Fourier trance defined by (20) and (21) on (40) and (43), we obtain

Fles) = el

(41)

(43)

(44)
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The expression for stresses, pore pressure and temperature can be obtained for concentrated, uniformly and

linearly distributed source by replacing ﬁ ((‘;, s) from (39),(42) and (44) in (34)-(37).

SPECIAL CASE

In the absence of porosity effect, the boundary conditions reduce to

== = —_ = aT =

033 = —F1F(§5),03; = —F,F (& 5) ' %3 = F,F(§s) (45)

and we obtain the corresponding expressions for stress components in thermoelastic half space as

=== 1

0,z = 7 [doAse™ ™5™ + dygAge™ %3 + dyAse” T3] (46)
10

— 1

O-ZT = A_ [dllASe_ MmsX3 + d12A6e_ MeX3 + d8A7e_ m4x3] (47)
10

T = AL [TsASe_ MmsX3 + T6A6e_ m6x3] (48)

10
where

dg = =R & +RymZ — 15 ,dyg = —R.& +Rymé — 14, dyg = 2iémgR; , dip = 2iEmgR;.
Ajp= dgdgmgrg — dyodgmsrs — dgdyymer + dgdypmsrs,

and As, Ag, A, are obtained by replacing[—F;, —F,, F4]T in Aqq.

Taking F, = F, =0,F;, =F, =0,F;, =F, =0 in equations (46)-(48) respectively , we obtain the
stress components and temperature change for normal force, tangential forces and thermal source
respectively.

Inversion of the transform
The transformed stresses, pore pressure and temperature are functions of the parameters of the

Laplace and Fourier transforms s and § respectively and hence are of the form f (§,2,5).To obtain the
solution of the problem in the physical domain, we invert the Laplace and Hankel transforms by using the
method described by Kumar et.al. [23].

Numerical results and discussion
With the view of illustrating the theoretical results and for numerical discussion we take a model
for which the value of the various physical parameters are taken from Jabbari and dehbani [22]:

E=6x10°,v=0.3,T,=293,K, =2x10° K, =5x%x10°,K=05,
@, =15% 1075, a, =2x10*,c, = 0.8,c, = 42, p, = 2.6 X 10°, p,, = 1 x 10°
(X=1,F1=F2=F3=F4=1.

The values of normal stress 033 , tangential stress 031 , pore pressure p and temperature change T
for incompressible fluid saturated thermoporoelastic medium (FSPM) and empty porous thermoelastic
medium (EPM) are shown due to concentrated source (CS), uniformly distributed source (UDS), and
linearly distributed source (LDS) .The computation are carried out for two values of dimensionless time
t=o.5and t=0.75 at X3 = 1l intherange 0 < x; < 10, a=1.

The solid lines either with or without central symbols represents the variations for t=0.5, whereas
the dashed lines with or without central symbols represents the variations for t=0.75.Curves without central
symbols correspond to the case of FSPM whereas those with central symbols corresponds to the case of
EPM.

Fig.2 shows the variation of normal stress component 033 w.r.t distance X, for both FSPM and
EPM due to concentrated normal force. The value of d33 increases in oscillatory manner for FSPM as x4
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increases and in case of EPM, the value of 033 decrease in the range 0 < x; < 2.3 and then oscillates as
X4 increases for both values of time.

Fig.3 shows the variation of normal stress component 033 w.r.t distance X, for both FSPM and EPM
due to concentrated tangential force. The value of 033 decrease in the range 0 < x; < 2.5 and then
oscillate for FSPM as X increases for both values of time whereas in case of EPM, the value of 033 oscillates
oppositely for different values of time as X4 increases.

Fig.4 shows the variation of normal stress component 033 w.r.t distance x; for FSPM due to

concentrated pressure source. The value of 033 decreases in the range 0 < x; < 2.1 and then oscillate
for different values of time.

Fig.5 shows the variation of normal stress component 033 w.r.t distance x4 for FSPM and EPM due
to concentrated thermal source. The value of 033 oscillates oppositely for different values of time as X
increases whereas in case of EPM, the value of 033 first increases in the range 0 < x; < 2 and then
oscillate for both values of time as X4 increases.

Fig.6 shows the variation of pore pressure p w.r.t distance X4 for FSPM due to concentrated normal
force. The value of p is more for the time t=0.5 as compared to time t=0.75 in the range 0 < x; < 4.5 and
then reverse trend is noticed as X increases.

Fig.7 shows the variation of pore pressure p w.r.t distance x4 for FSPM due to concentrated
tangential force. The value of p first increases and then oscillates for both values of time as X increases.

Fig.8 shows the variation of pore pressure p w.r.t distance x; for FSPM due to concentrated
pressure source. The value of p is more for the time t=0.75 as compared to time t=o0.5 in the range 0 <
X1 < 5 and then reverse trend is noticed as X increases.

Fig.9 shows the variation of pore pressure p w.r.t distance x; for FSPM due to concentrated
thermal source. For the time t=o0.5 the value of p is more in the range 0 < x; < 7.5 whereas for the time
t=0.75 the value of p is more in the range 7.5 < x; < 10.

Fig.io shows the variation of temperature T w.r.t distance Xx; for FSPM and EPM due to

concentrated normal force. The value of T first decreases and then oscillates for FSPM as X4 increases for
both value of time whereas for EPM the value of T is more for the time t=0.5 as compared to time t=0.75 in

the range 0 < x; < 4.2 and then reverse trend is noticed as X increases.

Figun shows the variation of temperature T w.r.t distance X; for FSPM and EPM due to
concentrated tangential force. The value of T increases in the range 0 < x; < 2.3, decreases in the range
2.3 < x4 < 6 and then oscillates for FSPM as X increases for different values of time. For EPM the value
of T first decreases in the range 0 < Xx; < 2 and then oscillates as X7 increases for both value of time.

Fig.12 shows the variation of temperature T w.r.t distance X; for FSPM due to concentrated
pressure source. The value of T is more for the time t=0.75 as compared to time t=0.5 in the range 0 <
x; < 2.5 and then reverse trend is noticed as X, increases.
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Fig.13 shows the variation of temperature T w.r.t distance Xx; for FSPM and EPM due to
concentrated thermal source. The value of T decreases exponentially for FSPM as X4 increases for both
value time whereas for EPM the value of T increases in the range 0 < x; < 3 and then oscillates
oppositely for both value of time as X4 increases.

Fig.14 shows the variation of normal stress component 033w.r.t distance x; for FSPM and EPM due
to normal force over uniformly distributed source. The value of 033 increases in oscillatory manner for
FSPM as X increases whereas for EPM it decreases sharply in the range 0 < x; < 23 and then oscillates
for both values of time as X increases.

Fig.15 shows the variation of normal stress component gz3w.r.t distance X, for FSPM and EPM due
to tangential force over uniformly distributed source. The value of 033 first decreases in the range 0 <
x; < 2.5 and then oscillates for FSPM as X, increases for both values of time whereas for EPM it oscillates
oppositely as X1 increases for the time t=0.5 and t=0.75.

Fig.16 shows the variation of normal stress component 033 w.r.t distance x; for FSPM due to
pressure source over uniformly distributed source. The value of 033 is more for the time t=0.5 as compared
to time t=0.75 in the range 0 < x; < 7.5 and then reverse trend is noticed as X increases.

Fig.17 shows the variation of normal stress component 033 w.r.t distance X for FSPM and EPM due
to thermal source over uniformly distributed source. The value of 033 oscillates oppositely for different
values of time as X; increases whereas in case of EPM, the value of 033 first increases in the range 0 <
X1 < 2 and then oscillate for both values of time as X; increases.

Fig.18 shows the variation of pore pressure p w.r.t distance X1 for FSPM due to normal force over
uniformly distributed source. The value of p shows a sharp decrease for time t=0.5 whereas for t=0.75 the

value of p first increases then decreases for FSPM as X4 increases.

Fig.19 shows the variation of pore pressure p w.r.t distance X; for FSPM due to tangential force over
uniformly distributed source. The value of p increases in the range 0 < x; < 3, decreases in the range
3 < x; < 5.5 and then oscillates for FSPM as X increases for the time t=0.5 and t=0.75.

Fig.20 shows the variation of pore pressure p w.r.t distance X; for FSPM due to pressure source over
uniformly distributed source. Near the application of the source the value of p is more for the time t=0.75 as

compared to time t=0.5 in the range 0 < x; < 5 and then reverse trend is noticed away from the source.

Fig.21 shows the variation of pore pressure p w.r.t distance x; for FSPM due to thermal source over
uniformly distributed source. The value of p converges near the boundary surface for the time t=o0.5

whereas for time t=0.75 the value of p increases in the range 0 < x; < 4.5 and then oscillates as X
increases.

Fig.22. shows the variation of temperature T w.r.t distance X4 for FSPM and EPM due to normal
force over uniformly distributed source. The value of T first increases in the range 0 < x; < 2 and then
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start decreasing for FSPM whereas for EPM the value of T increases exponentially as X4 increases for
different values of time.

Fig.23 shows the variation of temperature T w.r.t distance X; for FSPM and EPM due to tangential
force over uniformly distributed source. The value of T increases in the range 0 < x; < 2.3, decreases in
the range 2.3 < x; < 6 and then oscillates for FSPM as X increases for different values of time. For EPM

the value of T first decreases in the range 0 < x; < 2 and then oscillates as X, increases for both value of
time.

Fig.24 shows the variation of temperature T w.r.t distance X4 for FSPM due to pressure source over
uniformly distributed source. The value of T is more for the time t=0.75 as compared to time t=0.5 in the

range 0 < x; < 2.5 and then reverse trend is noticed as X; increases.

Fig.25 shows the variation of temperature T w.r.t distance X; for FSPM and EPM due to thermal
source over uniformly distributed source. The value of T decreases gradually for FSPM as X increases

whereas for EPM value of T first increases in the range 0 < x; < 2.5 and then becomes linear as X
increases for different values of time.

Fig.26 shows the variation of normal stress component 033w.r.t distance x4 for FSPM and EPM
due to normal force over linearly distributed source. The value of 033 is more for the time t=0.75 as
compared to time t=0.5 in the range 0 < x; < 4.8 and then reverse trend is noticed as X4 increases. For
EPM the value of 033 decreases sharply in the range 0 < x; < 23 and then oscillates for both values of
time as X increases.

Fig.27 shows the variation of normal stress component g3zw.r.t distance X4 for FSPM and EPM
due to tangential force over linearly distributed source. The value of g33 for FSPM oscillates about the
origin as X increases for both values of time whereas in case of EPM, the value of 033 oscillates oppositely
for different values of time as X increases.

Fig.28 shows the variation of normal stress component 033 w.r.t distance X1 for FSPM due to
pressure source over linearly distributed source. The value of 033 decreases in the range 0 < x; < 6,
increases in the range 6 < x; < 8 and then oscillates for FSPM as X increases for different values of time.

Fig.29 shows the variation of normal stress component 033 w.r.t distance X1 for FSPM and EPM
due to thermal source over linearly distributed source. The value of 033 for FSPM oscillates oppositely
about the origin as X4 increases for both values of time whereas the value of 033 first increases in the range
0 < x4 < 2 and then oscillates for EPM as X increases for both values of time.

Fig.30 shows the variation of pore pressure p w.r.t distance X; for FSPM due to normal force over
linearly distributed source. The value of p shows a sharp decrease for time t=0.5 whereas for t=0.75 the

value of p first increases then decreases for FSPM as X increases.

Fig.31 shows the variation of pore pressure p w.r.t distance X4 for FSPM due to tangential force
over linearly distributed source. The value of p is more for the time t=0.5 as compared to time t=0.75 in the

range 0 < x; < 4 and then reverse trend is noticed as X4 increases.
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Fig.32 shows the variation of pore pressure p w.r.t distance x; for FSPM due to pressure source over

linearly distributed source. The value of p first decreases and then starts increasing as X increases for both
values of time.

Fig.33 shows the variation of pore pressure p w.r.t distance x4 for FSPM due to thermal source over
linearly distributed source. For the time t=o0.5 the value of p is more in the range 0 < x; < 7.5 whereas
for the time t=0.75 the value of p is more in the range 7.5 < x; < 10.

Fig.34 shows the variation of temperature T w.r.t distance x; for FSPM and EPM due to normal

force over linearly distributed source. The value of T first decreases and then oscillates for FSPM as x4
increases for both value of time whereas for EPM the value of T increases exponentially for t=0.5 and t=0.75

as X1 increases.

Fig.35 shows the variation of temperature T w.r.t distance x; for FSPM and EPM due to tangential
force over linearly distributed source. The value of T increases in converges near the boundary surface for

FSPM as x4 increases for different values of time whereas for EPM the value of T first decreases in the range
0 < x4 < 2 and then oscillates as x4 increases for both value of time.

Fig.36 shows the variation of temperature T w.r.t distance X, for FSPM due to pressure source over
linearly distributed source. . The value of T is more for the time t=0.75 as compared to time t=o0.5 in the

range 0 < x; < 2.5 and then reverse trend is noticed as X; increases.

Fig.37 shows the variation of temperature T w.r.t distance X, for FSPM and EPM due to thermal
source over linearly distributed source. The value of T decreases exponentially for FSPM as X increases for
both value time whereas for EPM the value of T increases in the range 0 < x; < 3 and then oscillates
oppositely for both value of time as X increases.

Conclusion:

The components of displacement, stress, pore pressure and temperature change are obtained due
to the various sources by using the Laplace and Fourier transforms. The values of the components of
displacement, stress, pore pressure and temperature are close to each other due to CS, UDS and LDS. Near
the application of the source, the porosity effect decreases the values of 033 for normal force, pressure
source and thermal source where as it decrease the values of p for normal force and tangential force but
increase the values for thermal source.
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Fig. 2 Variation of normal stress o,; with distance x due to concentrated normal force. Fig. 3
Variation of normal stress o,; with distance x due to concentrated tangential force
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Fig. 10 Variation of temperature with distancex, due to concentrated normal force Fig. 1
Variation of temperature with distance x, due to concentrated tangential force
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Fig 18.Variation of pore pressure p with distance », due to concentrated normal force

Fig 19.Variation of pore pressure p with distance x, due to concentrated tangential force
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Fig 21.Variation of pore pressure p with distance », due to thermal source
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Variation of temperature with distance », due to concentrated tangential force
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Fig. 27 Variation of normal stress +,;with distance x, due to concentrated tangential force.
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Fig. 28 Variation of normal stress +,;with distance », due to concentrated pressure source.

Fig. 29 Variation of normal stress wis;;th distance x, due to thermal source.
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Fig 31.Variation of pore pressure p with distance xx, due to concentrated tangential force
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Fig 33.Variation of pore pressure p with distance x, due to thermal source
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Fig. 35 variation of temperature with distance », due to concentrated tangential force
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