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Abstract

The present investigation has focus on the variations in a transversely isotropic thick circular plate subjected to ring
loading. The modified Green Nagdhi (GN) heat conduction equation with and without energy dissipation by introducing
memory-dependent derivatives (MDD) with two temperatures has been used to model the problem. General solutions
to the field equations have been found using the Hankel and Laplace transform. The analytical expressions of stress,
conductive temperature, and components of displacement are obtained in the transformed domain. Physical solutions
have been obtained using numerical inversion techniques. The effects of Kernel functions of memory-dependent deriva-
tives have been depicted graphically. The present investigation also reveals some specific cases.
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C, Longitudinal wave velocity
p Medium density

K;  Thermal conductivity

1 Introduction

Classical elasticity theory focuses on stress and strain dis-
tributions developed in elastic bodies when forces are
applied or temperatures change. As temperature changes,
results in thermal effects on the material, such as thermal
strain, deformation, and thermal stress. The coupled the-
ory of thermoelasticity arises from the coupling between
the thermal and strain fields. A temperature gradient in
an elastic medium coupled with strain distribution was
first studied by Duhamel [1]. Based on this theory, numer-
ous researchers have solved several interesting problems.
Sharma et al. [2] studied a homogeneous transversely
isotropic thermoelastic (HTIT) material with two tem-
peratures w.r.t. Green-Naghdi-Il theory to illustrate the
2-D deformation using Laplace and Fourier transforms.
With the help of Laplace and Hankel transforms, Kumar
et al. [3] investigated the thermomechanical behavior of a
homogeneous isotropic thick plate with an axisymmetric
heat supply. The thermoelastic diffusion interactions in
a thick circular copper material plate were presented by
Tripathi et al. [4]. The thermoelastic effect on an infinitely
extended thick plate with an axisymmetric temperature
distribution was studied by Kant and Mukhopadhyay [5].
Using generalized thermoelasticity based on memory-
dependent axisymmetric temperature distributions, Kant
and Mukhopadhyay [6] analyzed the thermoelastic effects
of an infinitely extended thick plate with axisymmetric
temperature distribution. Youssef [7] discussed the ther-
moelastic behavior without energy dissipation with linear
theory of thermoelasticity. Considering two-temperature
thermoelasticity theory in the frequency domain, Lata [8]
investigated the thermomechanical interactions in the
fractional theory of thermoelasticity on a homogeneous,
isotropic thick circular plate. With both plasmaelastic (PE)
and thermoelastic (TE) wave impacts, theoretical models
of optically induced elastic bending for a semiconductor
circular plate (clamped and simply supported) were devel-
oped by Galovi¢ et al. [9].

A modified version of the Mindlin theory of motion
is offered by Senjanovi¢ et al. [10] for rotations and total
deflection. To analyse the vibration of circular plates, the
governing equations are converted from an orthogo-
nal to a polar coordinate system. The flexural vibration
fourth-order differential equations are further divided
into two second-order Bessel-type equations. To analyse
how porosity, phase delays, one relaxation period, and the
couple stress parameter respond, the thick circular plate
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problem in the modified coupled stress theory (MCST)
with voids model is investigated by Kumar et al. [11]. The
eigenvalue approach in a homogeneous, isotropic, non-
local micro-stretch thermoelastic circular plate has been
studied by Kumar et al. [12]. On the obtained numbers,
the effects of non-locality, both with and without energy
dissipation, are examined numerically and graphically.
Kaur and Singh [13] focused on developing a mathemati-
cal model to analyze fluctuations in fractional order strain
(FoS) in transversely isotropic, homogeneous circular
plates with ring loads, hyperbolic two temperatures (H2T),
and energy dissipation. The generic solution to the field
equations has been discovered using the Laplace and
Hankel transform. Mallik and Kanoria [14] studied a two-
dimensional thick, transversely isotropic plate with a heat
source, while the lower surface of the plate rests on a hard
foundation and is thermally insulated, the top surface of
the plate is stress-free and has a predetermined surface
temperature. Hasheminejad and Rafsanjani [15] reported a
precise 3-D study for the steady-state dynamic response of
an arbitrarily thick, isotropic, and functionally graded plate
strip. This study was caused by the action of a transverse
distributed moving line load propagating parallel to the
infinite simply supported edges of the plate strip at con-
stant speed. Kaur and Singh[16, 17] discussed the MDD in
nano-beams. Some other researchers also worked on simi-
lar research on MDD or semiconductor medium as, Nasr
etal. [18], Abouelregal et al. [19], Abouelregal et al. [20].

The MDD is better suited for temporal remodelling
than the fractional order derivative. It exhibits the mem-
ory effect more clearly. A better MDD model of thermoe-
lasticity was introduced to show the memory effect (the
rate of sudden change depends on the past state). MDD
is defined in an integral form of a common derivative with
a kernel function on a slip-in interval. A common deriva-
tive and kernel function is used to define the MDD in
integral form. In many models that explain physical terms
with the memory effect, the kernels in physical laws are
crucial. Ezzat et al. [21] studied the thermo-viscoelastic-
ity with MDD. Ezzat et al. [22, 23] discussed the MDD in
magneto-thermoelasticity and thermoelasticty with two
temperatuer.

The primary goal of the current work is to use memory-
dependent derivatives to examine the deformity in a trans-
versely isotropic thick circular plate with ring load due to
thermal and mechanical sources. The heat conduction
equation depending on the memory-dependent deriva-
tive is developed in Sect. 2 along with the formulation of
the governing equations for the GN-III theory of thermoe-
lasticity. Four alternative kernel functions, one of which is
non-linear in nature, have been taken into consideration.
A thick plate is taken into consideration as part of the for-
mulation of the problem in Sect. 3, the Laplace and Hankel
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transform to solve the issue, and the results are produced in
the transformed domain. Section 4 described the boundary
conditions. Section 5 presents the application of the prob-
lem. However, the resulting quantities are achieved in the
physical domain by utilizing the numerical inversion tech-
nique in Sect. 6. Some particular cases are also figured out
from the present investigation as mentioned in Sect. 7. Sec-
tion 8 provides a full explanation of the numerical findings
and discussion of the current study, as well as comparisons
of each physical field for various kernels. To highlight the key
findings, Sect. 9 summarises the present work’s conclusion.

2 Basic equations

The constitutive relations for an anisotropic thermoelastic
media are as follows:

ti = Cyuew — BT 1M

Ciuj — By T; = pU; )

Modified Heat Conduction equation with MDD and GN-
Il theory following Green and Naghdi [24] and Wang and
Li[25]is

Kjp+Kj@y=(1+xD,) (BTod; + pCeT) 3)

where

T=¢-a;9; (4)

B = G (5)
1 ..

e,j= E(ui,j-i_ujri)’ I,j= 11213- (6)

Here Cjyy (Cijkl = Cuij = G = Gy )
First-order MDD for a differentiable function f(t) for a fixed

time t with delay y >0is given as:

2u  1ou 1 *w 0%u *w
oY (A - W DGR i) ICCa BIFGN (Cli) B A
" < arz " ror r u> 1 < araz> Moz T M < ardz> P

0%u
(CH + C44) <ﬁ

10u w1 ow 0*w
* 7a7> +C44<ﬁ * 73) T

t
1
D f(t) = ¥ / K(t = of (§)d¢,
t—x
The choice of the K(t — £) and y are determined by the

material properties [26]. The kernel function K(t — &) is
written as:

2 2
Kt-o=1-Li—ey+ Le-ep
X X
1 ®=0,4=0,
Jive-omn a=0p=172

[+E-0/7]" a=1,8=1.

where a and f are constants. Additionally, the comma indi-
cates the derivative w. r. t. the space variable and the dot
superimposed on it signifies the time derivative.

3 Formulation of the problem

Suppose that a transversely isotropic thick circular plate
occupies the space defined by 0 <r < oc0,—b <z <b,
with a ring load of thickness 2b. Axisymmetric heat sup-
ply should be applied to the plate in both the radial and
axial directions. Heat flux gyF(r,z) is prescribed on the
upper and lower surfaces of the thick circular plate with
ring load at a constant temperature T,,. For this problem,
we take a cylindrical polar coordinate system (r, 6, z) sym-
metric around the Z-axis. Our analysis is restricted to two
dimensions due to the plane-axisymmetric nature of
the problem, which means the field component (v = 0)
and (u,w, and @) is independent of 6. In addition, using
Slaughter [27] on (1)-(3), we obtain the equations for
transversely isotropic thermoelastic solids with two tem-
peratures and no energy dissipation by following the
appropriate transformation.

e 109 e o%u
—a (22 4+222) 4,22\ -, 24 7)
{(p ! ( ar2 " ror 3072 Pon

0 g 109 P\ _ Pw
ﬂ3az{(p a1<6r2+r0r Boz2 [ TP o

a\[Pp 109 0\ 0% 9% (., du ow 92 2 10¢ e
K K*—) e 10 (K K*—)—: 14 4D T—( o —) Ll p—a (L2419 g, 22 9
( 15 <6r2 oo )T \B G 0z2 (1+4D,) 0or2 P or +hs oz )t £\ 2”1\ or o %7522 ©)
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Constitutive relations for the transversely isotropic
medium are

t, = Cyhe, + Cyepp + Cise,, — BT, (10)
tzr = 2C44erz' (11)
t, = Cize, + Cizegy + Cize, — B5T, (12)
tog = Cio€y + Cri€gg + Ci3e,, — BiT, (13)
where

T O Ty
“72\az or )T T o T P oz

g 109 ¢

T=¢p-a=2+-2) -0,

@ 1(ar2 r or 3072

b = (CH + C12)“1 + G305,

Bs = 2Cy30q + Cyza3.

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

r=Llz7=2¢ =&t,u'= rei u,W’=p_C12W'
L L L Lp,T, Lp, T,
WU S S
To ™ BiTo = BiTe ™ BTy
. a, , a
¢/=T£;'G1ZL_;'G3:L_§'
(14)

Let us take the Laplace and Hankel transforms defined by

fr(r,z,s) = / f(r,z,t)e"dt, (15)
0

f(£ z,5) = / fe(r,z,s)r) (r&dr. (16)
0

Using dimensionless quantities defined in (14) in
Egs. (7)-(13) and by suppressing the primes and applying
(15) and (16) on the resulting quantities, we get
(=& =2 +6,D?)a+ (1 — £)8,DW

+(-(1=9(1-asDH) +a,&%)) @

0, (17)

(1= £)8,Du + (8,D% — 26, — s*) W — ﬂ—:’D(1 +¢&%a, —a;0*)p =0,
(18)
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— 8s82(1 = &b — %5652&» — (6,5°(1 + &%a, — a;D?)
1

+&(Ky + 8,45) — D*(K3 + 855) )@ = 0,

(19)
where
Cs;+C C C K*C
1=u,52=ﬁ,53=ﬁ,54= 1 1’
G G G L
K*C T, B2
85 = 3_1,56 =—(1+ G)L,
L p

8, =—(1+G)pCeCY,

G= l[(1 —e—SX)<1 ¥, 2—0‘2>—<a2 -2+ 2;“2>e—5%].
X xS

xs  x%s?
t, = Y A smcosh@z) + Y wA(Es)sinh (q.z), (20)
t, = X A& )dicosh(@2) + & Y, A&, 9)qisinh(g,2), (21)
f, = D A& )Rcosh(gz) + ) SA(s)sinh (q:z),  (22)

i;é = Z Ai(&,5)M;cosh(q;z) + Z N:A; (&, s)sinh (q,.z),

(23)

where

p p
i = 6gE — —3(1 + 0152)Ii - —3a3qui2,

B B
M, = <1 . g) C(1+ @) +asld
N; = (85 + 6d;)q;

4
R = 58<1 + 5) — (1 +a,&%) + a3l0?,
S=q(1+68d;), =123
The non-trivial solution of (17)-(19) yields

(AD® + BD* + CD? + E)(&i, W, ) = 0. (24)

where
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A =08,8305 — 519,85,

B =8,8sLg + 8381 Cg 48,8380 — 8,8;810 — §784Cyy
— §38s + 0olear + LalrCy — 83L6La

C =G8s8g + 8,808 + 838, 8o — G588y — §§C9
+ 8586810 + 838,87 — G38603 — Calels,

E =C588o — Colsls.

where(, = — £ — 52,
(=60-0),
(=a, 8 -(1-8),
G =a3(1-9),

(s = —5° =&,

G = —865°(1-9),

[33
(= — 652 =
Cg = — (K + 855) + 6,5,

Co==58;5*(14a,8%) + £ (K, +6,5),

Qlo:_(—l +a 52) B3
By’
G :aag_?-

The solutions to Eq. (24)can be written in the form

0= ZA,»(é, s)cosh(q;z),
2 Ai(&,5)cosh(g;z),

2 I,A(& s)cosh(q;z).

where Ai=1,23 being undetermined constants.and
+q,(i = 1,2,3) are the roots of the Eq. (24) and d; and /; are
given by

5248‘7? + (CSC1 — (4l + 52§9)q12 + 189 — G683
(53§8 =& )Q? + (53§9 + {ss — §7§10)<7,-2 + C5C9,

i =

5253‘7? + (522:5 + {165 — é:22)qi2 +&1¢s
(63C8 = &Gén )Q? + (533:9 + {58 — C7C1o)q,.2 + C5C9.

i =

4 Boundary conditions

We consider a stress-free surface at z= + b, a cubical thermal
source and normal force of unit magnitude is applied [3].
Mathematically, these can be written as

o9

— = + gOF(r,Z), (28)
0z

t,(r.z,t)=f(rt), (29)
t (r,z,t) = 0. (30)

By putting the values @, ZZ,l‘ from (20)-(20) and (27) in
boundary conditions (28)-(30) and applying Hankel trans-
form on the resulting equations yields

D ALE9a9; = £9,F (€, 2), (31)
DACE O+ Y wAE Y =FE,s) (32)
D AES) (8,08 + (1 = )16;) = 0. (33)

Solving (31)-(33) for A;, and putting in (25)-(27) and
(20)-(23)we obtain the various components of displace-
ment, stresses, and conductive temperature as

f(f s)

0=

{-[G,Go — GgG;5]6; + [G,G, — G,G;]6,
_[GlGB - G2G7]93}

goF (& 2)
+ = {|Gs

Gy — GgGg |01 — [G4Gy — G4G; |6,

+[G4Gg — GsG, |05}
(34)
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o f(&s
W= (i ){—[6269 — GgGs]d, 0, + [G1G, — G,G;]d,0, — [G,Gg — G,G,|d30; } 55)
ﬁ I
+ 9o (f ?) { [GSG9 - GgG6]d191 — [G4G9 - G6G7]d202 + [G4G8 — G5G7]d393}
f(&,
o= 1C S){ [6,G — GgG3] 116, + [G1 Gy — G,G3] 1,6, — [G,Gg — G,G;] 1,65} -
goF (& 2)
+ =2 {[GsGo — Gy o] 6 — [GaGo — GeGr] o + [G4Gg — GGy ] 65}
—  fs
b, = & ){ [G Gy -G 63] (’7191 + ud ) [G Gy -G G3] (’7292 + /42'92) [G1GS - GzG7] (’7393 + /43’93)} 37)
9 F(5 z)
2 {[G Gy — GBGG] (’71 01+ 9 ) [G4G9 GeG 7] (’7292 + uy9, ) [G4Gs - GsG7] (’1393 + 143193)}
t, = @{—[6269 - G863] (h(1 =86, +5,q,9,) + [6169 - G7G3] (L(1—8)8, +6,G,9,) — [G1Gs - GzG7] (51 -85 + 52‘73’93)} (38)
QOF(S 2 { [G Gy -G Ge] (I (1 =8)0; +6,q,9 ) [G4G9 -GG ](’2(1 - 80, + 52Q2192> + [G4Gs - GSG7]I3(1 - 805+ 52‘13193)}
~  f&s (39)
£ = S (6,6 ~ GoGa] (R0 +519,) + [61Gs — G1Gs | (Rl +5,9,) = [61Ga — 6,65 (Rats +5:83)
9.F(&2)
+ = {[GsGy — GgGg] (R10; + $181) — [G4Go — G¢G| (Ry0; + S295) + [G4Gg — G5G;| ((R30; + S395) }
where 5 Applications
A = Gy [GsGy — GgGg| — G, [G4Gy — G6G;| + G3[G,Gg — GsG;|  As an application of the problem, we take the source func-

Ay = =F(£,9)[G,Gy — GgGs] + goF (£,2)[G5Gy — Gy G|
A, = F(&,9)[G1Gy — G;G3| — g,F(£,2)[G,Gy — G4G/]
Ay = —F(&s) [G1Gs - GzG7] +9,F(&2) [G4Gs - GSG7]
G =199,

Giyz = m6; + ;9

=96,

Gite = 0,9;9; + (1

cosh (gz) =0, sinh(gqz)=9, i=1,2,3.
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tions as

F(r,z) = 2™, (40)

f(r,t) = —6(ct - (41)

where & (ct—r) is the Dirac delta function.

Applying Laplace and Hankel Transform, on Egs. (40)-(41),
gives
0w

Feo) = -
(52 + COZ) 2

7 1

f&s) = ————
2w/ E2 + Cs_22 43)
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6 Inversion of the transforms
In order to obtain the solution in the physical domain, the

transforms in Egs. (34)-(39) has to be inverted. For this, first,
we will invert the Hankel transform by

f(r,z,t) = / £f(&, z,5)), (EndE. (44)
0

The method for evaluating this integral is described in
Press et al.[28].

7 Particular cases

(i) If we take K,.j’f # 0, Eq. (3) is GN-IIl theory or GN the-
ory with energy dissipation.

(ii) Equation (3) becomes GN-II theory or GN theory
without energy dissipation if we take K,;‘ =0,

(iii) If we take K; =0 the equation of the GN theory of
type lll reduces to the GN theory of type |, which is
identical to the classical theory of thermoelasticity.

8 Numerical results and discussion

This section presents numerical results that illustrate the
theoretical results and the effects of MDD. The material
properties of transversely isotropic cobalt has been chosen
for the numerical calculation. According to [29], the physi-
cal information for a single cobalt crystal is provided by

Ci; =3.07x 10" Nm™2,

C,, = 1650 x 10" Nm~2,

Cy3 = 1.027 X 10" Nm~2,

C33 = 3.581x 10" Nm™

Cho =1.510x 10" Nm™2,

Cr =427 x 10% Kg™' deg™’,

fy =7.04x10° Nm~—2 deg™', p = 8836 x 10> Kg m~3
f5 = 6.90 x 10° Nm~2 deg™’,

K, = 0.690 x 10> Wm™' Kdeg™', K; = 0.690 x 10> Wm~" K™,

0.06

0.05

——a=0,p=0

— —a=0,p=1/2

- - ea=1,p=1
Without MDD

0.04 +

0034 .

0.02

Displacement Component u

0.01

Fig. 1 Variations of displacement component u with radius r

104" — - - -Without MDD
0.8
06\

0.4 \

Displacement Component w

Fig.2 Variations of displacement component w with radius r
K = 0.02 x 10? NSec™? deg ™',

K; = 0.04 x 10> NSec™* deg™".

The values of normal force stress t,,, tangential stresst,,,
radial stress t,,, and conductive temperature ¢ for a trans-
versely isotropic thermoelastic solid with two temperature
is illustrated graphically to demonstrate the effect of MDD.

(i) The solid black line corresponds to K(t — &) =1
whena =0,8=0,

(i) The dashed red line corresponds to
K(t—é)=§—t+1whena=0,ﬂ=§,
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0.022 -
0.020 4",
0.018
0.016

0.014
0.012
0.010
0.008
0.006

Conductive Temperature ¢

0.004 - -
0.002
0.000 T T T T 1

Fig. 3 Variations of conductive temperature ¢ w.r.t. radius r

0.008
—a=0,p=0

& 0.006+ - —a=0,p=12
- S-a=1,p=1
» - Without MDD
g
7 ~ei_ L _iamee-
S 0004
c
o
o)
C
®©
I_

0.002

0.000

Fig.4 Variations of tangential stress t,, with radius r

(iii) The dotted blue
-t 2
Kt —¢) = [1+‘57] whena =1,f=1

(iv) The dash-dot yellow line corresponds to without
MDD.

line corresponds to

Figure 1 exhibits the displacement component w w.r.t.r
for various values of the kernel function of MDD. The vari-
ation in the displacement component sharply decreases
with the change in the radius of the thick circular plate.
The kernel function K(t — £) = Twhena = 0, § = 0 shows
the higher variation near the interface and starts vanishing
towards the outer surface of the thick circular plate. How-

2
ever kernel function K(t-¢&)= [1 + %] when
a = 1,8 = 1reduces the variation in the displacement
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0.12

0.10

0.08

0.06

Normal stress 1,

0.04 4

0.02

0.00

Fig.5 Variations of normal stress t,, with radius r

015

0.12

0.06

Radial stress £,

0.03

0.00

Fig. 6 Variations of radial stress t,, with radius r

component. So lower the value of the kernel function
higher the variation in the displacement component.
Moreover, the displacement component shows the oppo-
site behavior without MDD.

Figure 2 depicts the values of displacement component
w w.r.t.r for various values of the kernel function of MDD.
The variation in the displacement component sharply
decreases with the change of radius of the thick circular
plate till the half value of r and then there is a rise in the
value of w. The kernel function K(t — &) =1 when
a = 0, f = 0 shows the minimum variation near the inter-
face and starts vanishing towards the outer surface of the
thick circular plate. However kernel function

2
K(it—-¢) = [1 + ?] whena = 1, f = lincreases the vari-

ation in the displacement component. So lower the value
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of the kernel function lowers the variation in the displace-
ment component. Moreover, the displacement compo-
nent shows the maximum variation without MDD.

Figure 3 demonstrates the variations of conductive
temperature ¢ w.r.t.r for various values of the kernel func-
tion of MDD. The variation in the ¢ sharply decreases with
the change in the radius of the thick circular plate. The
kernel function K(t — &) = Twhen a« = 0, # = 0 shows the
higher variation near the interface but away from the load-
ing surface, it follows remains constant near the zero value.

2
However kernel function K(t —¢&) = [1 + %] when

a = 1, = Treduces the variation in the ¢. So lower the
value of the kernel function higher the variation in the ¢.
Moreover, the ¢ shows the maximum value without MDD.

Figure 4 illustrates the variations of tangential stress t,,
w.r.t.r for various values of the kernel function of MDD. In
the initial range of distance r, the value of t,, follow an
oscillatory pattern for all the various values of the kernel
function of MDD. The kernel function K(t — £) = Twhen
a = 0, f = 0shows the lowest variation near the interface
but away from the loading surface, it follows remains con-
stant near the zerozvalue. However kernel function
Kit-¢&) = [1 + %] when a = 1, = 1 maximizes the
variation in the t,,. So higher the value of the kernel func-
tion higher the variation in the t,,.

Figure 5 shows the variations of normal stress t,, w.r.t.r
for various values of the kernel function of MDD. In the
initial range of distance r, the value of t,, follow an oscilla-
tory pattern for all the various values of the kernel function
of MDD. The kernel functionK(t — &) = Twhena =0, =0
shows the lowest variation near the interface but away
from the loading surface, it follows remains constant near
the zero value.2 However kernel function
Kit-¢&) = [1 + %] when a = 1, = 1 maximizes the
variation in the t,,. So lower the value of the kernel func-
tion higher the variation in the t,,.

Figure 6 shows the variations of radial stress t,, w.r.t.r for
various values of the kernel function of MDD. In the initial
range of distance r, there is a sharp decrease in the value
of radial stress t,, with distance r various values of the ker-
nel function of MDD then the variations are very small
owing to the scale of the graph and the kernel function
K(t — &) = Twhena = 0, # = 0shows the highest variation
near the interface but away from the loading surface, it
follows remains constant near the zero value. However

2
kernel function K(t — &) = [1 + ?] whena=1,=1

minimize the variation in the t,,. So lower the value of the
kernel function higher the variation in the t,,.

9 Conclusions

Transversely isotropic thick circular plates with ring loads
are investigated in the present study. The modified
Green Nagdhi heat conduction equation with & without
energy dissipation by introducing memory-dependent
derivatives with two temperatures has been used to
model the problem. From the graphes, it is clear that there
is a momentous effect of isotropy on the deformation of
various components of displacement, stresses, tempera-
ture change, and conducive temperature. The effect of
the kernel function of MDD theory has an imperative
impact on the investigation of the deformation of the
body. As distance r varied from the point of application
of the load source, sharp decrease in the values of all the
characteristics quantities of the thick plate. It is seen that
as the disturbances travel through different constituents
of the medium, the variations of t,,, t,, and g, it experi-
ences abrupt shifts, resulting in an erratic/uniform pat-
tern of curves. The trend of curves demonstrates how the
MDD theory affects the medium and fits the necessary
criteria for the investigation. Kernel function

2
Kit—-¢&) = [1 + %] when a« = 1,8 = 1 decreases the

variation in the displacement component, of t,,, t,, and
@.The outcomes of this research are exceptionally valu-
able in the 2-D problem of the dynamic response of GN-
[l theory with MDD in transversely isotropic thermoelas-
tic solid with two temperature which has numerous
geophysical and industrialized uses. The findings from
this study are helpful in engineering issues, notably in
determining the condition of stresses in a thick circular
plate that has experienced internal transient heat.
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