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* Ornenenre MateMaTuku yHuBepcuteTa Kypykinerpa, Xapbsiaa, NHmus
6
Otnenenne MateMaTHky yHUBepcureta Kunr A6mymasus, xenna, CaynoBckast ApaBust

i OrtneneHrue MaTeMaTUKHI YHUBEPCUTETA T. Coxar, Eruner

Hccneoosana osyxmepnas 3a0aua o 603HUKHOGEHUU BO3MYUICHULL OM MEXAHUYECKUX U MepMUiecKux
UCMOYHUKO8 8 0OHOPOOHOI MENIONPO8odseli nopucmo-ynpyeoi cpede. /s pewienus smotui 3a0aqu
ucnonwv3oeansl npeoopasosanus Jlanaaca u Pypve. /lna demoncmpayuy nepcneKmueHoCmu 0aHHO20
n00X00a paccmMompensl paziudnble CIy4au ¢ modeyHvlMu u pacnpeoenennvimu ucmoynuxamu. C
HOMOWBIO MEMOOUKU YUCTEHHOU UHBEPCUL BbLINOTHEHbL NPeoOPA306aHUs KOMNOHEHN nepemeujeHul,
Hanpsdicenull, 0asieHus @ nopax u memMnepamypnuix gaykmyayuil. Bauanue nopucmocmu na ykasam-
Hble napamempvl npedCmasieHo 6 euoe epaguxos. Paccmompensl Hekomopbvie cneyuanbhble Ciyyau,
umerowue npaKmudecKuil unmepec.

Kntoueswvie cnosa: nopucras TepMoyIpyras cpeia, npeodpasosanue Jlammaca, mpeobpaso-
BaHue Dypbe, TOUCUYHBIH MCTOYHUK, PABHOMEPHO PACIPEICICHHbI MCTOYHHK, JUHEIHO
pacupeeseHHbIH HCTOYHHK.

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 borehole 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 behavior 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 behavior of a fluid saturated
porous medium is very complex and difficult.
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Based on the work of von Terzaghi [1, 2], Biot [3] proposed a general theory of three-
dimensional deformations of liquid saturated porous solid. The Biot 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 [4-6].

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 [9-11] discussed different thermal source problem in a saturated
porous media.

Kaushal et al. [12] studied the response of frequency domain in generalized thermo-
elasticity with two temperature. Jabbari and Dehbani [13, 14] studied axisymmetric and
spherical symmetric problems in porothermoelastic solids. Abbas [15] studied the natural
frequencies of a poroelastic hollow cylinder. The counterparts of our problem in the
contexts of the thermoelasticity theories have been considered by using analytical and
numerical methods [16-29].

In the present paper, we obtain the components of displacement, stress, pore pressure
and temperature change due to concentrated source and distributed source in thermo-
poroelastic 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 [30], the field equations are

(/1+u)vva+ﬂv2a—avp—ﬁw=p‘j;f, (1)
iVzp—ozpj?—YT—ozdiVi'Z= 0, )

w
KV2T— ZT, T+ YT, p— BT, div ii= 0, 3)
aij=/1uk7k6ij +u(u; +uj!i)—ap61j—ﬁT6ij, %)

where u is the displacement component, p is the pore pressure, p is the bulk mass
density, a=1-C,/C is the Biot coefficient, C, = 3(1—2v,)/E, is the coefficient of
volumetric compression of solid grain, with £, and v, being the elastic modulus and
Poisson’s ratio of solid grain, C = 3(1—2v)/FE is the coefficient of volumetric compression
of solid skeleton, with £ and v being the elastic modulus and Poisson’s ratio of solid
skeleton, 7|, is initial reference temperature, = 3a,/C is the thermal expansion factor,
a 1is the coefficient of linear thermal expansion of solid grain, Y = 3(na,, +(a—n)a,)
and a, =n(C,,—C)+aC are coupling parameters, «,, and C,, are the coefficients of
linear thermal expansion and volumetric compression of pure water, n is the porosity, k is
(1_ n)pscs +np,c, _ 3ﬂas
Ty

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

Formulation of the Problem. We consider homogeneous porothermoelastic half
space x3 =0 of a rectangular Cartesian coordinate system (x;, x,, x3) having origin at the
surface x3 = 0, x3 is the axis pointing vertically downward in the medium. A mechanical

the hydraulic conductivity, y,, is the unit of pore water, Z=
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> x;

Homogeneous porous thermal half space

X3

Fig. 1. Geometry of the problem.

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.
For two-dimensional problem we take the displacement vector u# as

u=(u(xy, x3), 0, w(xy, x3)). ©)

To facilitate the solution, the following dimensionless quantities are introduced as

’ w ’ w ’ w pcy ' w Py ’ p
X = X1 X3 = X3, U = up, uz = usz, P =7

a S BT, BT, BT, 6)
2 _ l+2ﬂ " * r_ T * ZT()cl ro_ 033 ' 031
=, - t, T - 4 > w = } 33 — > 31 — .

The expressions relating the displacement components u; (x;, x3, ) and u3(xy, X3, t)
to the scalar potentials @ and W in dimensionless form are given by

oD oW oD + oY
Uy =—————, U3=——+—".
! axl 6x3 3 8x3 (")xl (7)
We define the Laplace and Fourier transforms as follows:
J)= [, f0)eat, ®)
F&=["_ f&)e ax. ©)

Applying Laplace and Fourier transforms defined by (8) and (9) on Egs. (1)~(3) and
with the aid of (5)—~(7) and after some simplifications we obtain

Ay —+A4),—+ A, ——+A4, | D=0, 10
{1 x? 2dx§‘ 3dx§ 4 (10)
dz |~ ~
a 7—&'2 ‘P—a4s2‘I’=0, (11)
dX3
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where
Ay = biby(1+ay),

Ay = 3E%b, by (14 ay )= s(1+ay )(bybs +byby )= aybybys® — aybys— azbys,
Ay =364, b, (14 ay )+ 28251+ a, )(bybs +byby )+s> (1+ay )(bybs +byby )+
+28%5%ayby by +ays’ (b bs +byby )+ 262 asbys— ass? (by — bs )+
+28%a3b s+ asys® (bg+by ),

Ay =—E8b by (1+ay )= sE*(1+ay )(bybs +byby )+s*E*> (1+ay )(bybs +byby )~
— ayb bysEY — ays EX (bibs+byby )= ays” (bybs +bybg )— aybysE* +

+ays” (by = bs )5 — & azbys—ays’E* (b +by),

L A Lo P
YT’ 27 A+u’ 3T (A+u) YT A +u’
ko" BT, a, BT, YT, Koo' 7T,
bl: ﬁz()’ 2:7[7 0’ b3:7o, b4: w y bszio’ b6:YT0,
Y wacy a a ﬁcl ﬁ

The solution of Egs. (10) and (11) satisfying the radiation conditions that %, ﬁ, 1:9,

and T =0 as x3 = we obtain the value of D, Y, 1:9, and 7:” as
(@, p, T)=2} (L, 73, 5, )B;e "™, (12)
W= Bye ™S, (13)

a
where my, m,,and my are the roots of Eq. (10), and my = /45, A5 = £2+-% 4% and
a
the coupling constants are given by

~ bys(m} —E2)? + (bys” — bss” )m] —E7)
byby(m? —E2 ) = (bybss+bybys)(m? — E2 )+ (bybss® +bsbes®)

(14)

T

_ bis(m? —E%)? = (bs” +bys™ )(m] —E7)
byby(mi —E*)* = (bybss+bybys)(m? — E*)+(bybss” +b3bgs™)

(i=12,3). (15

Si

The displacement components 51 and 53 are obtained with the aid of (7)—(9) and
(12), (13) as
u; =—Byike™™ — B,ife" — Byie” " + Bymye” " (16)
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ﬁ3 = _Blmle_mlx3 _Bzmze_m2x3 _B3m3e_m3x3 _B4i§e_m4x3 . (17)

Boundary Conditions and Solution of the Problem. The boundary conditions at
x3 =0 are
033 =—FF(x))H(t), 03 =—FyF(x)H(t),
aT (18)
p=F3F(x)H(1), §=F4F(x1 H (1),
3

where F, and F, are the magnitudes of the vertical and horizontal forces, respectively,
F5 is the constant pressure applied on the boundary, F, is the constant temperature
applied on the boundary, F(x;) is a known function, and H(¢) is the Heaviside unit step
function.

Applying Laplace and Fourier transforms defined by (8) and (9) on (18) and with the
aid of (4), (5), and (10), and

_ Fi . . Fye
Fi= (l=1,2, 3) and F4= ¥ .
BT, o T
we obtain
Gy =—FF@E)s, Gy =—FFE)fs, p=FFE)s
aT = (19)
f=F4F(§)/s at  x3=0,
a.X3
where
033 =—Ry i€y +R, ———ap— pT, (20)
dX3
~ R dﬁl ,é_:
O, = —_— ,
31 3 ds lsus 21)
and
A A+2
R1=72,R2= 2’“,R3=L2.
PC Pe PC

Case 1: For normal force F, =F;=F,=0.

Case 2: For tangential force F; = 3 = F4; = 0.
Case 3: For pressure source F| = F, = F, = 0.
Case 4: For thermal source F} = F, = F; = 0.

Substituting the values of ﬁl , 53 , p,and T from (16), (17), and (12) in the boundary
condition (19) and with help of (20) and (21), after some simplifications, we obtain

| = _ - - -
1= A F @A M +dyNyem"E +d3Aze”"™ +dyAyem ™, (22)

Q

~ 1 = _ _ _ _
631 =EF(£)[LZ5A1€ M3 +d6A2€ A3 +d7A3e 5¥3 +d8A4e X3 ], (23)

152 ISSN 0556-171X. IIpobremvt npounocmu, 2016, Ne 2



Disturbance Due to Thermomechanical Sources ...

~ 1 = _ _ _
ﬁ=SzF(§)[nA1e " nALeTE + A e, (24)

]:" = iF:(E)[s]A]e_m‘x3 +5,A,e” "8 4 53A5e7 5], (25)
where
A=didg(=myrysy +myrssy )= dydg (—myris3 +myrys )+ dydg (—myrsy +myrs; )=
— dyds(=m3nsy +myrsy )= dydg(—myrys) +myrisy )= dgdq (—myrisy +myns) ),
d;=—RE*+Ryml —ar,—s;  (i=1,2,3), dq=iEmy(—R, +R,),

d;=2m;Ry  (j=567, dy=—Rs(mj+E>),

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

Applications.
Case 1. Concentrated Source. The values for displacement, stress, pore pressure and

temperature change presented in Egs. (22)—(25) will used to yield the response over the half
space subjected to a concentrated source as

F(x)=0(x), (26)

where O(-) is the Dirac delta function.
Applying the Laplace and Fourier transforms defined by (8) and (9) on (26), yield

FE)=1. 27)

The component of displacement, stress, pore pressure, and temperature change are
obtained by using (27) in (22)—(25).
Case 2. Influence Function. Here

F(xp)=% (x)), (28)

where W, (x;) is a known function, which can have two types of values:
1. Uniformly distributed source,

_ l, |x1 |Sa
W (x)= , (29)

0, |x/|>a

where 2a is non-dimensional width of the strip.
Applying the Laplace and Fourier transforms defined by (8) and (9) on (28) and (29),

we obtain

F (&)= (2sin&a)/E. (30)
2. Linearly distributed source,

I=|x;l/a, |x|= a}. a1

lpl(xl)={ 0. > a

ISSN 0556-171X. IIpobaemvr npounocmu, 2016, Ne 2 153



R. Kumar and 1. A. Abbas

Applying the Laplace and Fourier transforms defined by (8) and (9) on (28) and (31),
we obtain

21—cos(éa)]

F(E. 5)= =

(32)

The expression for stresses, pore pressure and temperature field are obtained for
concentrated, uniformly and linearly distributed sources by replacing F(£) from (27),
(30), and (32) in (22)—(25).

Special Case. In the absence of porosity effect, the boundary conditions reduce to

~ ~ ~ ~ T ~
Gu=—FF@)s. Gy =-FFE)s. %_thF(f)/Sa (33)

X3

and we obtain the corresponding expressions for stress components and temperature field in
thermoelastic half space are obtained as

1

5ZZ = SAIO F:(E)[dQASe_MSX3 +d10A6€_W3 +d4A7e_m4x3 ], (34)
~ 1 = _ _ _
0, = 7SA10 FE)[d)1Ase”™ ™ +d,Age™ ™3 +dgAqe” ™3], (35)
~ 1 = _ _
T=——F@lsAse ™ +rAge ™0 ], (36)

10

where
d9=_R1§2+R2m§_r5, d10=_R1§2+R2mé_7'6, dll =2i§m5R3,

dyg = 2iEmgR3, Ao =dodgmers — dygdgmsrs — dydyymgrs +d4dypymsrs,

and As, Ag,and A, are obtained by replacing [—F;, — F,, F,1" in Aqg.

Taking F,=F,=0, F;=F,=0,and F;=F,=0 in Egs. (34), (35), and (36),
respectively, we obtain the stress components and temperature change for normal force,
tangential forces, and thermal source, respectively.

Inversion of the Transform. The transformed displacements, stresses, pore pressure
and temperature field are functions of the parameters of the Laplace and Fourier transforms
s and &, respectively, and hence are of the form f(&, x5, 8). To obtain the solution of the
problem in the physical domain, we invert the Laplace and Fourier transforms by using the
method described by Kumar and Rani [31].

Numerical Results and Discussion. Following Jabbari and Dehbani [30], for numerical
computation, we take the value of the various physical parameters as E = 6-10° MPa,
=103, Ty=293 K, K,=2-10", K =510", K=05, a,=1510">, a, =2-107%,
¢, =08, ¢, =42 p,=2610° p, =110, a=1, F=F,=F;=F,=1.

The values of normal stress o33, tangential stress o3y, pore pressure p, and
temperature change 7' 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

154 ISSN 0556-171X. IIpobremvt npounocmu, 2016, Ne 2



Disturbance Due to Thermomechanical Sources ...

computation are carried out for two values of dimensionless time #= 0.01 and 0.05 at
x3 =1 for the range 0<x; <10,and a=1.

The solid lines either with or with central symbols represents the variations for
t = 0.01, whereas the dashed lines with or without central symbols represents the variations
for #=0.05. Curves without central symbols correspond to the case of FSPM whereas
those with central symbols corresponds to the case of EPM.

Figure 2a shows the variation of normal stress component o33 w.r.t distance x; for
both FSPM and EPM due to concentrated normal force. The value of 035 start with initial
decrease and remain close to the boundary surface for FSPM as x; increases and in case of
EPM, its value decrease in the range 0<x =<3 and then oscillates as x; increases for both
values of time.

FSPM(t=0.01)
————— FSPM(t=0.05)

—e— EPM(=0.01)
- ~@ —  EPM(t=0.05)

FSPM(t=0.01)

————— FSPM(t=0.05)
s | —O— ePme=0on) =
- - - ePM005)

05 —

Normal Stress o,
Normal Stress oy,
1

05 —

4
Disfance X,

a b

FSPM(t=0.01)
————— FSPM(t=0.05)

N ¢

2 g
3 002 ]
g g
£ | 5
=z z

; FSPM(t=0.01)

0.01 — 2 — N B FSPM(t=0.05)

~ - ’
i | ) —O— ePmi=001)
i - - — EPM(t=0.05
o O - emeooo
o 3 N '
\ /
N 4
001 4
T T T I I T ] | T I T l ' I ' |
0 2 4 6 8 10 0 2 4 8 10
Distance x, Distance x,
c d

Fig. 2. Variation of normal stress ¢33 with distance x; due to concentrated normal force (a),
concentrated tangential force (b), concentrated pressure source (c), and thermal source (d).

Figure 2b 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 o35 first decrease
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in the range 0=<x; <4 and then starts oscillating for FSPM as x; increases for both
values of time whereas in case of EPM, the value of 0;; remain close to the boundary
surface for different values of time as x; increases.

Figure 2c shows the variation of normal stress component ¢33 w.r.t distance x; for
FSPM due to concentrated pressure source. The value of o33 decrease in the range
0=<x; =75 and then starts increasing for different values of time.

Figure 2d shows the variation of normal stress component 033 w.r.t distance x; for
FSPM and EPM due to thermal source. The value of 033 oscillates for different value of
time for FSPM as x; increases whereas in case of EPM, the value of o35 first increases in
the range 0<x; <22 and then starts oscillating for both values of time.

Figure 3a shows the variation of pore pressure p w.r.t distance x; for FSPM due to
concentrated normal force. Near the application of the source the value of p is more for
the time ¢ = 0.05 as compared to time ¢ = 0.01 and away from the source reverse behavior
is noticed.

b FSPM(E=0.01) FSPM(t=0.01)
————— FSPM(t=0.05) - - — — — — FSPM{t=0.05)

Pore Pressure p

4 8 4
Distance x, Distance x,

a b

20 —

FSPM(t=0.01)

————— FSPM(t=0.05)

FSPM(t=0.01)
————— FSPM(t=0.01)

Pore Pressure p
L
Pore Pressure p

4 6 4
Distance x, Distance x,
C d

Fig. 3. Variation of pore pressure p with distance x; due to concentrated normal force (a),
concentrated tangential force (b), concentrated pressure source (c), and thermal source (d).
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Figure 3b shows the variation of pore pressure p w.r.t distance x; for FSPM due to
concentrated tangential force. The value of p first decreases in the range 0<x; <4.2 and
then starts increasing for different values of time.

Figure 3c shows the variation of pore pressure p w.r.t distance x; for FSPM due to
concentrated pressure source. The value of p starts decreasing as x; increases for
different values of time.

Figure 3d shows the variation of pore pressure p w.r.t distance x; for FSPM due to
thermal source. For the time 7= 0.05 the value of p is higher in the range 0<x; <6
whereas for the time ¢#=0.01 the value of p is higher in the range 6=<x; <10.

Figure 4a shows the variation of temperature 7" w.r.t distance x; for FSPM and EPM
due to concentrated normal force. The value of 7' first decreases and then oscillates for
FSPM as x; increases for both value of time whereas for EPM it first increases in the
range 0=<x; =35 and then oscillates for both values of time.

FSPM(t=0.01)

FSPM(t=0.05) FSPI=0.01)
—e— EPMt=0.0) N oo FSPM(t=0.05)
- -G - EPM(=0.05) —&— ePmoon
-6 - EPmi005)

Temperature T

4
Distance x, Distance x,
a b

016 — 129

FSPM(t=0.01)
P A N FSPM(1=0.05)

Temperature T
Temperature T

6 4
Distance x, Distance x,
c d

Fig. 4. Variation of temperature 7 with distance x; due to concentrated normal force (a),
concentrated tangential force (b), concentrated pressure source (c), and thermal source (d).
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Figure 4b shows the variation of temperature 7 w.r.t distance x; for FSPM and EPM
due to tangential force. The value of 7' first decreases and then oscillates for FSPM and for
EPM shows a small increase as x; increases for different values of time.

Figure 4c shows the variation of temperature 7 w.r.t distance x; for FSPM due to
pressure source. The value of T starts oscillates for the time #= 0.01 and 0.05.

Figure 4d shows the variation of temperature 7 w.r.t distance x; for FSPM and EPM
due to thermal source. The value of 7' first increases and remains close to zero for FSPM
as x; increases for both value time whereas for EPM the value of 7' decreases in the range
0=<x; =25 and then starts oscillates for both value of time as x; increases.

Figure 5a shows the variation of normal stress component o33 w.r.t distance x; for
FSPM and EPM due to normal force over uniformly distributed source. The value of 033
for FSPM first decreases in the range 0=<x; <4.5 and then oscillates for both value of
time whereas for EPM its value shows a small decrease for both values of time as x,
increases.

3 — 3 —
B FSPM(I=001)
Fspmg=0ony| | | ____ FSPM(t=0.05)
————— FSPM(t=0.05) 2 —
—O)— ePm00)
5 | —O&— epmg=non)
- -Cr - EPM(E0.05)
- -C) - erPmi=0.05) 4
:: 81—
i i
& 14 % -
] T
E E
2 2 0
R A
.
1 2
' [ I I j I ! | ! I ! I I I |
o 2 4 6 5 10 0 2 4 8 10
Distance x, Distance x,
a b
P
008 —
006 — FSPM(t=0.01) 0 — = = SO -0-0 O3
fffff FSPM(t=0.05)
N <
5
5 04—
e 3 FSPM{t=0.01)
g a2 ! |--=-- FSPM(=0.05)
E ] g —e— EPM(=0.01)
°
2 - —C) - epm=005
% om | & (t=0.05)
4
0 —| R
002 6
T T T T T T T T 1 ' I T I I I |
o 2 4 6 8 10 0 2 4 8 10
Distance x, Distance x,
c d

Fig. 5. Variation of normal stress o033 with distance x; due to concentrated normal force (a),
concentrated tangential force (b), concentrated pressure source (c), and thermal source (d).
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Figure 5b shows the variation of normal stress component o33 w.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; =4 and then oscillates for FSPM as x; increases
for both value of time where as for EPM its value shows a small increase as x; increases
for different values of time.

Figure 5c 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 shows a
sharp decrease in the range 0<x; <7.6 for FSPM as x; increases for both values of time.

Figure 5d 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
remain close to zero for FSPM as x; increases for both value of time whereas the value of
033 first increases in the range 0<x; <22 and then oscillates for EPM as x; increases
for the time ¢#=0.01 and 0.05.

Figure 6a shows the variation of pore pressure p w.r.t distance x; for FSPM due to
normal force over uniformly distributed source. The value of p shows a sharp increase for
FSPM for different values of time as x; increases.

100 —

6 —
7 FSPM(=0.01)
A FSPM(t=0.05)
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Fig. 6. Variation of pore pressure p with distance x; due to concentrated normal force (a),
concentrated tangential force (b), concentrated pressure source (c), and thermal source (d).
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Figure 6b 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 first decreases in the
range 0=<x; <4.2 and then increases as x; increases for FSPM for the time ¢#= 0.01 and
0.05.

Figure 6¢ shows the variation of pore pressure p w.r.t distance x; for FSPM due to
pressure source over uniformly distributed source. The value of p shows a sharp decrease
for FSPM as x; increases for different values of time.

Figure 6d shows the variation of pore pressure p w.r.t distance x; for FSPM due to
thermal source over uniformly distributed source. For the time #= 0.05 the value of p is
more in the range 0=<x; <6 whereas for the time #= 0.01 the value of p is more in the
range 6=<x; <10.

Figure 7a shows the variation of temperature 7' w.r.t distance x; for FSPM and EPM
due to normal force over uniformly distributed source. The value of 7' first decreases and
then oscillates for FSPM whereas for EPM the value of 7 first increases and then oscillates
as x; increases for different values of time.
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Figure 7b shows the variation of temperature 7 w.r.t distance x; for FSPM and EPM
due to tangential force over uniformly distributed source. The value of 7' first decreases
and then start oscillates for FSPM and remain close to zero for EPM as x; increases for
both values time.

Figure 7c shows the variation of temperature 7 w.r.t distance x; for FSPM due to
pressure source over uniformly distributed source. The value of T first increases and then
starts decreasing in oscillatory manner for FSPM as x; increases for the time ¢#= 0.01 and
0.05.

Figure 7d shows the variation of temperature 7 w.r.t distance x; for FSPM and EPM
due to thermal source over uniformly distributed source. The value of T first increases and
remains close to zero for FSPM as x; increases for both value time whereas for EPM the
value of 7 decreases in the range 0<x; <25 and then oscillates for both value of time as
increases.

Figure 8a shows the variation of normal stress component o33 w.r.t distance x; for
FSPM and EPM due to normal force over linearly distributed source. The value of o33
remain close to zero for FSPM whereas for EPM it decreases in the range 0<x; <4 and
then becomes linear for both values of time as x; increases.
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Fig. 8. Variation of normal stress o033 with distance x; due to concentrated normal force (a),
concentrated tangential force (b), concentrated pressure source (c), and thermal source (d).
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Figure 8b shows the variation of normal stress component o33 w.r.t distance x; for
FSPM and EPM due to tangential force over linearly distributed source. The value of 033
for FSPM first decreases in the range 0<x; <4, increases in the range 4 <x; <8 whereas
for EPM it remains close to zero for different values of time as x; increases.

Figure 8c shows the variation of normal stress component o33 w.r.t distance x; for
FSPM due to pressure source over linearly distributed source. The value of o33 shows a
sharp decrease in the range 0<x; < 7.8 and then increases for FSPM as x; increases for
different values of time.

Figure 8d shows the variation of normal stress component 033 w.r.t distance x; for
FSPM and EPM due to thermal source over linearly distributed source. The value of o33
oscillates for FSPM whereas the value of o33 first increases in the range 0<x; <2 and
then oscillates for EPM as x; increases for both values of time.

Figure 9a 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 increase for
FSPM as x; increases for time 7= 0.01 and 0.05.
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Fig. 9. Variation of pore pressure p with distance x; due to concentrated normal force (a),
concentrated tangential force (b), concentrated pressure source (c), and thermal source (d).
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Figure 9b shows the variation of pore pressure p w.r.t distance x; for FSPM due to
tangential force over linearly distributed source. The value of p first decreases in the range
0=<x; =4.2 and then starts increasing for different values of time.

Figure 9c 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 starts decreasing as x;
increases for different values of time.

Figure 9d shows the variation of pore pressure p w.r.t distance x; for FSPM due to
thermal source over linearly distributed source. The value of p starts increasing as x;
increases for both values of time.

Figure 10a shows the variation of temperature 7' 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 x; increases for both value of time whereas for EPM it
remain close to zero for both values of time.
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Fig. 10. Variation of temperature 7 with distance x; due to concentrated normal force (a),
concentrated tangential force (b), concentrated pressure source (c), and thermal source (d).
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Figure 10b shows the variation of temperature 7 w.r.t distance x; for FSPM and
EPM due to tangential force over linearly distributed source. The value of 7' oscillates for
FSPM and for EPM it remains close to zero in oscillatory manner as x; increases for
different values of time.

Figure 10c shows the variation of temperature 7" w.r.t distance x; for FSPM due to
pressure source over linearly distributed source. The value of 7 first increases and then
starts decreasing for FSPM as x; increases for the time 7= 0.01 and 0.05.

Figure 10d shows the variation of temperature 7 w.r.t distance x; for FSPM and
EPM due to thermal source over linearly distributed source. The value of 7' first shows a
small increase and then oscillates for FSPM whereas for EPM value of T first decreases in
the range 0<x; <28 and then becomes linear as x; increases for different values of
time.

Conclusions. The components of displacement, stress, pore pressure and temperature
change are obtained due to the various sources by using the Laplace and Fourier
techniques. 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 o33 for normal force, pressure source
and thermal source where as it decreases the values of p for normal force and tangential
force but increases the values for thermal source.

Pe3zwome

JlocnipkeHo JBOBUMIPHY 3a/1a4y 00 BUHUKHEHHS 30ypeHb BiJl MEXaHIYHHUX 1 TEPMIYHUX
JDKEpell B OIHOPITHOMY TETUIONPOBITHOMY MOPUCTO-TIPYKHOMY cepenoBui. [Ipu po3s’s-
3aHHI I1i€i 3a7aui BUKOPUCTOBYBaiu meperBopeHHs Jlammaca i dyp’e. Hdus imroctparii
MIEPCIIEKTUBHOCTI JAHOTO IIXOAY PO3TILIHYTO Pi3HI BUMAAKH 3 TOYKOBHMH 1 pO3MOisie-
HUMH JDKEpeJaMu. 3a JIOTOMOTOI0 METOIUKH YUCIOBOI iHBEpPCil BUKOHAHO NMEPETBOPEHHS
KOMIIOHEHT IepeMillieHb, HalpyKeHb, THCKY B MOpax i TemnepaTypHux (GuykTyauiid. Brumis
MOPHUCTOCTI Ha BKa3aHI MapaMeTpH MpelCTaBiIeHo y BUMIIA rpadikiB. Po3risHyTo neski
CTeliayIbHI BUMAJIKH, 10 MAIOTh NMPAKTUYHHUH iHTEpeC.
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