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Abstract: This paper deals with the two-dimensional deformation in fibre-reinforced composites
with new modified couple stress thermoelastic theory (nMCST) due to concentrated inclined load.
Lord Shulman heat conduction equation with hyperbolic two temperature (H2T) has been used to
form the mathematical model. Fourier and Laplace transform are used for obtaining the physical
quantities of the mathematical model. The expressions for displacement components, thermodynamic
temperature, conductive temperature, axial stress, tangential stress and couple stress are obtained in
the transformed domain. A mathematical inversion procedure has been used to obtain the inversion
of the integral transforms using MATLAB software. The effects of hyperbolic and classical two
temperature are shown realistically on the various physical quantities.

Keywords: length scale parameters; fibre-reinforced composites; hyperbolic two-temperature; in-
clined load; new modified couple stress theory
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1. Introduction

Low weight and high strength make fibre-reinforced composites an ideal material for
many structures. The mechanical properties of such materials can be explained using a
continuum model. Manmade fibre-reinforced composites are proving to be particularly
effective in this regard. The materials (natural and synthetic) in which the properties like
thermal conductivity vary with orientation are called anisotropic materials. For example,
crystals, sedimentary rocks, metals with heavy cold pressing, laminated sheets and heat
shielding materials used for space vehicles, wood, cables, fibre-reinforced composite struc-
tures, etc. are anisotropic materials. By introducing strong reinforcement fibers in one or
more particular directions into a relatively weak, isotropic matrix, a matrix with certain
desirable properties is strengthened throughout. An elastic solid reinforced with parallel
fibers is usually assumed to be transversely isotropic. Additionally, the response of these
composites is typically highly anisotropic, therefore isotropic theory would not be able
to accurately predict their behavior under the majority of loading scenarios. For linear
constitutive relations, there are five material constants relating to infinitesimal components
of stress and strain. For the last three decades, solid mechanics has been studying stress
and deformation in fibre-reinforced composite materials.

A revolutionary work was done on fibre-reinforced composite materials by Pipkin and
Rogers [1]. Spencer [2] described the deformations of fibre-reinforced materials. Pipkin [3]
studied the ideal fiber-reinforced materials that exhibit generalized plane deformations.
Testa and Bolay [4] discussed the two key issues with fiber-reinforced materials” thermoe-
lastic behavior. The maximum stress in each phase of the composite as well as boundaries
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for the stress at every point in a beam are created in the first. The second issue takes
into account the buckling of reinforcing fibres when subjected to thermal loading. The
deformations of an idealized incompressible fiber-reinforced material in the finite plane are
obtained by Craig and Hart [5]. A revolutionary work was done on fibre-reinforced com-
posite materials by Rogers [6]. Bayones and Hussein [7] studied an anisotropic semi-infinite
solid media with fiber-reinforced generalized thermoplastic with respect to thermal relax-
ation time and gravity effects. Said [8] investigated the effect of hydrostatic initial stress
and the gravity field on a fibre-reinforced thermoelastic medium due to its own heat and
constant motion using the three-phase-lag model (TPL) and GN theory of thermoelasticity
of Type-II.

A macro-scale analysis of materials can be made with the help of classical continuum
mechanics theory, which ignores the microstructure size-dependency. For a more complete
continuum theory, new deformation measures are needed. This implies that couple stresses
must also be introduced into such a theory. Firstly, in 1887, Voigt [9] proposed the asym-
metric theory of elasticity, and afterward in 1909, a couple stress theory was presented by
Cosserat and Cosserat [10], but examiners deemed the theory not important due to its failure
to establish the constitutive interactions. A standard couple stress theory with constitutive
relations t;; = Aexdij +2Gejj, mjj = 4Z2G)cl-]- was introduced by Mindlin [11] for isotropic
elastic materials. In this theory, Mindlin [11] used a single length scale parameter (LSP).
Moreover, the strain tensor in Mindlin’s theory is represented as e;; = % (ui,]' +u j,i) , and cur-
vature tensors is x;; = w; ;, where the rotation vector is given by w; = %eijkuk,j. Due to the
asymmetric nature of the couple and curvature stress tensors, this theory is also designated
as asymmetric couple stress theory. In addition, Koiter [12] introduced constitutive rela-
tionships for anisotropic materials based on Cosserat couple stress theory as t;; = cjjxex;
mij = I?Gi)(l-j, where [; (i = 1,2,3) is LSP. Here, t;; is a symmetric tensor, and m;; is an
asymmetric tensor. Yang et al. [13] presented a modified couple stress theory (MCST) for
isotropic elastic materials with an additional LSP as t;; = Aed;j + 2Gejj, mj; = 4Z2G)Cij and
eij = 3 (uij+uj;), xij = 5 (wj; + w;j;), and all the tensors are symmetric. MCST should
be extended from isotropic to anisotropic media due to the importance of anisotropic
mediums in microstructures. Hence, Chen et al. [14] proposed an nMCST that considers
three length-scale parameters for anisotropic materials as

tij = Cijkiexl,
2 2
mij = I Gixij + 17 Gjxji,

Xij = Wij,

1
Wi = Eeijk”k,j/

1
eij = 5 (ij +uji)-

Here, the x;; is asymmetric, but the m;;, t;;, ¢;; are symmetric tensors.

Chen and Gurtin [4] and Chen et al. [5,6] gave the two-temperature theory of thermoe-
lasticity of deformable bodies for heat conduction, subject to two kinds of temperatures:
The thermodynamic temperature T and the conductive temperature ¢. According to this
theory, we have:

T'= ¢ —bijpj.

For the time-independent cases, the difference between T and ¢ is proportional to the
supply of heat, and in the absence of heat supply, these temperatures are equal. For time
dependent problems, the difference in two temperatures is non zero and does not depend
on heat supply. When the two-temperature factor is zero, i.e.,, ¢ = T and then the cou-
pled thermoelasticity can be derived from the two-temperature theory of thermoelasticity.
Youssef [15] proved uniqueness theorem for a homogeneous and isotropic media with two
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temperature generalized thermoelasticity. Youssef [16] proposed a two-temperature model
without energy dissipation for an elastic half-space subjected to moving heat source and
Youssef [17] constructed a fractional order generalized theory of thermoelasticity based
on Duhamel-Neumann stress—strain relation in the context of one temperature and two-
temperature. The classical two temperature theory of thermoelasticity, however, does not
introduce finite speed of the thermal wave propagation, which is physically unacceptable.
Youssef and El Bary [18] improved two temperature theory of thermoelasticity and intro-
duced hyperbolic two temperatures (H2T) theory of thermoelasticity for an isotropic body
and proved uniqueness and derived its variational principle and showed finite speed of
thermal and mechanical wave propagation. According to this theory, we have:

¢ —T = bijoj

Regardless of this, numerous investigators, such as Kaur et al. [19,20], Craciun et al. [21],
Khan et al. [22], Marin and Ochsner [23], Singh et al. [24], Zhang et al. [25], Singh et al. [26],
Marin et al. [27], Bhatti et al. [28-30], Golewski [31-33], and Kaur et al. [34,35] worked on
various thermoelastic problems. However, until now, no efforts have been made to study
the fiber-reinforced thermoelastic medium using nMCST for H2T.

In the present investigation, the two-dimensional deformation in fibre-reinforced com-
posites with nMCST and H2T due to concentrated inclined load and L-S thermoelasticity
has been investigated. Laplace and Fourier transform methods are used for obtaining the
solutions of the mathematical model. The expressions for displacement components, ther-
modynamic temperature, conductive temperature, axial stress, tangential stress and couple
stress are obtained in the transformed domain. The effects of hyperbolic and classical 2T
are illustrated graphically on the various physical quantities.

2. Basic Equations

Following Chen and Li [14], Kumar et al. [36] and Youssef and El Bary [18], the field
equations for fibre-reinforced thermoelastic medium with respect to a preferred direction
a; = (a1,a,a3), where u% + a% + a% = 1, with nMCST and L-S theory of Thermoelasticity
with H2T are given by the following equations:

1. Constitutive Relations

tij = cijen — Vi T, (1)
For fibre reinforced material with respect to a preferred direction a; = (a1, az,43),
where a% + a% + a% =1, we have ¢jjey; in Equation (1), as mentioned below:
Cijkier = Aexkdij + 2preij + & (axamerndij + a;ajexk)
+2(pur — pr) (aiakek]- + ajakekl-) + ﬁakamekmaiaj

mi; = FGixij + FGixji, 2
1
eij = 5 (tij + 1), @)
Xij = Wij, )
1
Wi = S€ijiik,j- ®)
¢—T = bijgj, (6)

Yij = Cijki%i, 7)
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2. Equation of Motion
()\ekk5ij + 2ureij + o (axamerndij + aiajexr) +2(ur — pr) (ai“kekj + a‘akeki) + ,Bakamekmaiaj> ;

1(12 2 ®
+3 (lka (6imOjn — Oinjm )t muj + 1 Gleijk”n,mklj) 7T j = puj,
3. Heat Conduction Equation Proposed by Youssef [15]
(0 02
Kijgi =\ 5, T 032 ¥ (0CET + vijToes;), )

3. Formulation and Solution of the Problem
Consider a 2-D homogeneous fiber-reinforced thermoelastic medium (Figure 1) in
the half-space x3 > 0, primarily at a uniform temp Ty. We choose the fiber reinforcement

H
direction as 4 = (0,0,1) i.e., along z— axis. The rectangular coordinate system (x1, x, x3)
with the origin on the surface x, = 0 is considered.

X3
A

/ %) R

X2

Figure 1. Fiber-reinforced thermoelastic medium.

Consider plane strain problem parallel to x;x3 -plane with displacement vector
u = (u1,0,u3)(x1,0,x3). The field equations become.

2 2 2,
(A +214T) (P‘L 112G2< 2+ aax )> aale

2 2 0 az
+(A+“+VL+3JZG2< 2+ 32 )>3x13§23 — T35 = PG

(10)

2 2
(/\+4yL72yT+21x+,B)a 4 <yL+A+oc+ 112G2<ax2 + ))ailgg(s

ZG aZ B u B u
( }112 < >) 83(3 ,Y axS at23/

azgo 0 02 Jd 92 duq Jdus
ox 2+K38§ch<8t+T08t2)T_TO(at+Toat2>( 9% TP, ) (12)

2 2 2 2
E)T_aigoibaq) b38(p

02 9 Taxd Uaad

(11)

Ky

(13)

where c11 = ¢ = (A+2ur),c3 = a3 = (A+a),c33 = (A+4pL —2ur+2a+ p),
Ce6 = Cllz 12 = ur,c55 = caa = Y, c12 = A, we have used the notations 11 — 1,22 — 2,
33 —+ 3,23 — 4,13 — 5,12 — 6 for the material constants.
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= (A4+2ur+Mag + (A+a)as, v3 = 2(A+a)ay + (A +4pp — 2ur + 20 + Bas
Additionally, the stress components and couple stress are

t33:(/\4—04)3—2—%()\—1—4%—2;47—#2&4—/3)3—;[2—73T, (14)
—m@g +g:“j>, (15)

o = = 3 (- P ),

My = Mipy = %l%cz (aiigj@, a;:;)/ (17)

myp = myz = My = mzy = mzz =0 (18)

The preliminary and regularity conditions are given by

251 (x]/ X3, 0) =0= M'l (x]/ X3, 0) (19)

uz(x1, x3, 0) = 0= uz (x1, x3, 0) (20)

T(x1, x3, 0) = 0 = T(x1, x3, 0) (21)

¢(x1, x3,0) =0=¢(x1, x3, 0) forxz >0,—00 < x1 <00 (22)

uy(x1, x3, £) = us(xy, x3, t) = T(x1, x3, 0) = ¢(x1, x3, 0) = 0 for t > 0 when x3 — oo (23)

Dimensionless quantities are given by

— — _f _ _fe _T . _ _ _ _
Xy =1,x =T = LyllTOul'“B) = L711T0”3' T = To = %\t/ = Thin = 5% 15 = 5% (24)
l _ +2
ml, = L%To I=14G = ZIC% pHT)
The Laplace transforms is defined by
[e0]
L[f(x1, x3,1)] = /e_Stf(xl, x3, t)dt = f(x1, x3,9) (25)
0
with basic properties
2 —
L(3) =T, )~ o, 230), 26)
02 - 0
L(atj;) = s2f(x1, x3,8) —sf(x1, x3,0) — (E)Jtc>t_0' (27)
Fourier transforms of a function f w.r.t. variable x with & as a Fourier variable is
F(& x3,8) = /7(951, x3,5)¢ M dxy. (28)

Such that if f(x;) — 0 and f"~!(x1) — 0, as x; — +oo, then

A ) = @ f *

oxf
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Using the dimensionless quantities defined by (17) into Equations (10)-(16) and sup-
pressing the primes, the Equations (9)—(14) and then applying Laplace and Fourier trans-
form defined by (25) and (28) becomes

(¢1+2D*+ D)+ (64D + 5D @+ 5T = 0, (30)
(6D +¢sD?)it+ (g7 + GsD? ) + LoDT = 0, (31)
Grof + gD + G + (13 + 63D?) g =0, (32)
(61— &5D?) 9+ usT =0, (33)

tss = 1zl + 64D + 3o T, (34)

By = 01D + {15, (35)

My = —2<§3D212 + @w). (36)

where

A Atdur —2 2 -K CeC L 2
6 =t 5, — retu) 5 (ko2 a2atp) 5o 22, 55 = £ <S+ 0C1s )

pct’ pct pct K
2
b= OB (s + 29 ), 6 = Bh) 1 = -2 -2, =61 + 16,
G = ~(3Ga), &= (82~ 1BGa2)ic, &5 = §(3Ga)it, G =i (37

G = =52 +6:18% = 1(3G2)&*, G5 = 6a+ 1 (3G2) &%, Go = — L2, Gio = SemiG, Ci1 = G673
Cio =05, Qi3 = &2, Qi =s*+ %52, Q15 = *%’, C16 = —s%, Q7 = 0giE, {1 = 61i¢, D = &.

For the non-trivial solution of Equations (30)—(33) the determinant of the coefficients
(114,113, T, ) must vanish, which thus yields

AD® + BD® + CD* + ED? + F) (11,115, T, §) =0, (38)

where

A = —0308012015 + C5(05012815 — {501693),

B= —0208C12015 + (3(—C7C12815 + £8012814 — 1603) + C4(C5812815 + £501603)
+C5(C5012814 — 04812815 — Cal1603 — 05016013 — Col10815) — C681105815,

C= 03(47C12814 — C16013) + C2(—87C12815 + C8012814 — $1693) — 0181208015
+05(24C12814 — C4l16C13 — CoC10014)
—C4(050128014 — C4012815 — C481693 — 0516013 — Co810815) + T6C11(—Cal15 + 05C14),

E = {5(87812014 — C16013) + 01(—87812815 + 08812014 — C1693) — 0a(8a812814 — Cal16013 — ol10014) + C68118al14,

F = 01(37812814 — C16013)-

Consider that the roots of the Equation (38) are +A;(i = 1, 2, 3, 4), and hence using the
radiation conditions that 1/, 1f3, @, T — 0 as x3 — oo the soln. of Equations (30)—(33) are

U = Ale_A1x3 + A2e_)‘2x3 + A38_A3x3 + A46_)l4x3, (39)
Uz = dlAle_A1x3 + dzAze_A2x3 + d3A3€_)L3x3 + d4A4€_)L4x3, (40)
T = g1A1e7M™ 4 gy Age 2% 4 g3 Age 3% gy Aye™ 1%, (41)
¢ = Are™™M% 4y Ase 13 4 i3 Age 3% 4 iy Age™ %3, (42)

where
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A [C4(C1281a — C16813) — GoG10014] + A [05(C12814 — C16813) + GoG10015] — 05(—C12815 — G1603)A7
L 0t + )t]z [C8(C12814 — C16C13) — Col1114] + )\}1 [C8(—C12815 — C1693) + GoG11815] + €8§11§9€15)\j6'

 —GrboGia + )\]2 [C4C11C14 — C8C10814 — C7C10015) + A;'L[€5€11§14 — 04011015 + C8C10015] — @11@5@15)\16
&= (7012014 + A?‘[@s(élzém — 016013) — Col11G14] + )\?[és(—glzgw — 01693) + GoC11815] + §8C11§9§157\j6’

o —07C10016 + 7‘%[@4@11516 — 08010816 + /\?CnCan
L Ll + Ajz[és(@lzém — 016C13) — Col11814] + A}L[@S(—Qz@w — 01693) + $oC11815] + @8@11@9@15)\55'

4. Boundary Conditions

Let us consider that along +ve x3-axis a normal point load F; per unit length acts at the
origin and along +ve x;-axis a tangential load F, per unit length, acts at the origin and due
to concentrated normal force on the half space, the dimensionless conditions are given by

i.  Normal stress
ts3(x1, x3, 1) = —F10(x1)H(t) (43)
ii.  Tangential stress
ta1(x1, x3, 1) = —F20(x1)H(t) (44)
iii. ~ Vanishing of tangential couple stress
map(x1,x3,8) =0 (45)
iv.  Condition of temperature change
S—Z(x1,x3,t) =0 (46)

where F; and F, are the vertical and horizontal magnitude of the forces applied, é(x) specify
the concentrated load distribution function along the x-axis, and H() is given by

- {1120
H(s) = L(H() = - (48)

As an application along the positive boundary x3-axis, a normal point load F; is
applied at the origin and along the positive x;-axis a load F, per unit length and are applied
at the origin. Assume an inclined load, Fy per unit length inclined at an angle 6 with x3-axis
is acting on the x,-axis (see Figure 2):

Fy = Fycos 0 and F, = Fysin 6. (49)

FO A Fl

v

E2

Figure 2. Inclined load over a fiber-reinforced thermoelastic solid.
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Using (34)—(36) and (42) in Equations (43)—(46) and then applying the transforms (25)
and (28) and hence these equations can be written as

4 2
Y MjA; = ——, (50)
j=1 °
4
F
Y NjA; = -2, (51)
=1 °
4
Y OjA; =0, (52)
j=1
4
Y PiA; =0, (53)
j=1

M; = (G174 04Ajdj + Logj),
N; = (014 + (1sd;),
0= (C:«a/\]2 + C5dj>,

Pj = (Ajhjig).
Solving (50)—(53), by Cramer’s rule we get A1, Ay, A3, A4 as

—FQ; + FQs
A= ———== 54
1 As s ( )
FQ, — KQq
Ay = —= ==, 55
2 s (55)
_ Q3+ RQy
Az = s (56)
FQ4 — Qg
Ay = ————==, 57
4 s (57)
where
Q1 = NoR1 — RyN3 + R3Ny,
Qs = MaR1 — RoM3 + R3My,
Qy = N1R1 — R4N3 + R5Ny,
Q¢ = M1R1 — RyM3 + RsMy

Q3 = N1Ry — R4Np + RgNy,
Q7 = MiRy — RyMs + ReMy
Q4 = N1R3 — R5Np + R N3,

Qg = M1R3 — RsMs + RgM3,
A=MQ1 — QM+ QsMsz — QsMy,
Ry = 03Py — O4P5,

Ry = 03Py — O4P,

Rz = OyP3 — 03D,

Ry = O1Py — O4Py,

Rs =013 — 03P,
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Rg = O1P, — O,P;.

The expressions for displacement components, conductive temperature, thermo-
dynamic temperature, the normal, tangential and couple stress in transformed domain
are obtained from (39)-(42) and (34)-(36) by placing the values of A, Ay, A3, A4 from
(54)—(57) as

i h : —Ai ) ! —A;
Uy = SA LZ% Qje B4 A ]; Qj+4€ B, (58)
h 3 A I3 2 A
Iy = | ) diQe |+ =) diQjuae (59)
A= j=1
7 F1 > Aix PZ 4 “Ax
T=—11389 + = | Y 8iQjae M, (60)
sS4 L= A =i
5 1 ih Q —Aixs + b ihQ —Aix3 (61)
¢ = SA = j*=i€ SA = j<ji+ac ,
i = By NQe |+ 2|y Ny e 62
13_?]2116 57\;]]%16 / (62)
tA Fl 4 M —/\IXS Fz 4 M . —/\l‘X3 63
33 — Si = ]Q]e + SiA ; ]Q]+4e s ( )
1 ! —Aix, 1§ 4 Aix
2= A ;O]Q] A :10 iQjae” 2. (64)

5. Inversion of the Transforms

To get the result of the problem in physical domain, we will have to invert the trans-
forms in Equations (58)—(64) To find the function f(¢, x3,s), we first invert the Fourier
transform using

fx1,x3,t) —/ ﬂg"f (& x3, §)d = — = / |cos(&xq) fe — isin(Ex1) foldE  (65)

where f, and f, are, respectively, the odd and even parts of f(, x3,s). Following Honig and
Hirdes [37], the Laplace transform function f(x1, x3,5) can be inverted to f(x1, x3, t) by

g+100

fxq,x3,1) / f X1,X3,5) e %tds. (66)

6100

The last step is to calculate the integral in Equation (65). The method for evaluating
this integral is described in Press et al. [38]. It involves the use of Romberg’s integration
with adaptive step size.

6. Numerical Findings and Interpretation

For numerical computations, computer programming using the software MATLAB
has been used and the material constants for a fiber reinforced material are taken from
Kumar et al. [39].

A =5.65x 10" Nm~2, yr = 2.46 x 10" Nm 2, i = 5.66 x 10'° Nm 2,

B =220.90 x 101 Nm~2,Cp = 0.787 x 10°Tkg "' K~1,K; = 0.0921 x 10°Jm "' K~ !s71,
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K3 =0.0963 x 10 Jm ' K1 s71, a3 = 0.017 x 1074, a3 = 0.015 x 1074,
a=-128x10""Nm2, Ty = 293K, b; = 0.02 m?, b3 = 0.03 m?,
Gy =02,1=01, L=1,I =0.843 um.

The graphs are plotted for ¢ = 0.15. The values of the displacement component 1y,
displacement component u3, thermodynamic temperature T, normal stress 13, conducive
temperature ¢, tangential stress ¢33, and coupled stress m3;, for nMCST and H2T due to
inclined load.

In Figures 3-9 the effect of H2T and Classical 2T on the various quantities have been

shown.
0.040 ~ —— Hyperbolic 2T with /, = 0
0035 1m, Bl = B Hyper_bollc 2T YVIth I,=1

S ] e Classical 2T with /,=0
S 0030+4... ----=-Classical 2T with /, = 1
é 0.025 - | |
S 0025+
O B
© 90204
<
5 ]
g 00154
O ]
£
% 0.010
3 ]

0.005

0.000

T T T ! T I T ! T 1
0.0 0.2 0.4 0.6 0.8 1.0

X4

Figure 3. Variations in dimensionless displacement component ;.
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0.1 5

Displacement Component u,

— Hyperbolic 2T with /,= 0
- - = Hyperbolic 2T with /, =1
————————— Classical 2T with /,=0
------------ Classical 2T with /, = 1

Figure 4. Variations in dimensionless displacement component u3.

0.00002

Thermodynamic temperature T

0.00000

— Hyperbolic 2T with /, =0
Hyperbolic 2T with /, = 1
Classical 2T with [, =0
Classical 2T with /, =1

0.0

Figure 5. Variations in dimensionless thermodynamic temperature T.
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0.000030
o 0.000025 - S
o M — Hyperbolic 2T with /, =0
= \ - — — Hyperbolic 2T with /, = 1
S 0.000020 A & i i 2
o . [ Classical 2T with /, =0
& N\ |- Classical 2T with /, = 1
*G‘J' 0.000015 \
= N
- AY
= \
T 0.000010 ~
= = —
O
0.0000054 __.-" S g SRR
0.000000 . . . . : : : : : ,
0.0 0.2 0.4 06 0.8 1.0
Xy
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Figure 7. Variations in dimensionless Normal Stress t13.
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Figure 9. Variations in dimensionless couple stress 113;.

i The solid line relates to H2T theory with I, = 0
ii. The dashed line relates to H2T theory with [, =1
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iii. The dotted line relates to Classical 2T (C2T) theory with [, = 0
iv. The dot-dashed line relates to Classical 2T (C2T) theory with [ = 1

Figure 3 shows the variations of the 1 using nMCST for H2T and C2T with different
values of length scale parameter . In the initial value of x1, the u; decreases sharply for
H2T with I, = 1 and H2T with length scale parameter [, = 0 and 1 and then diminishes to
zero for C2T theory. C2T shows a higher variation in the ;. as compared to H2T. Figure 4
illustrates the variations of the 13 using nMCST for H2T and C2T with different values of
length scale parameter I,. In the initial value of x1, and length scale parameter [ = 1 the us
decreases sharply for both H2T and C2T. Moreover In the initial value of x1, and length scale
parameter I, = 0 the u3 increases for both H2T and C2T. C2T shows a higher variation in
the u3 as compared to H2T. Figure 5 displays the variations of thermodynamic temperature
T using nMCST for H2T and C2T with different values of length scale parameter /5. In the
initial value of x1, the T decreases sharply and then illustrates a sharp rise in the T for the
rest of the value of x3. C2T shows a higher variation in the T as compared to H2T with the
length scale parameter I = 1. Figure 6 displays the variations of conductive temperature ¢
using nMCST for H2T and C2T with different values of length scale parameter [;. In the
initial value of x1, the ¢ decreases sharply for H2T with the length scale parameter I, = 1
and then shows the oscillatory behavior for the rest of the value of x3. C2T shows a higher
variation in the ¢ as compared to H2T.

Figure 7 displays the deviations of Normal Stress ¢;3 using nMCST for H2T and C2T
with different values of length scale parameter /5. In the initial value of x1, the ¢13 increases
slowly for H2T and C2T for length scale parameter [, = 0 and decreases sharply for H2T
and C2T for length scale parameter I, = 1. H2T with length scale parameter [, = 1 shows a
higher variation in the ¢13 as compared to C2T. Figure 8 displays the deviations of tangential
Stress t33 using nMCST for H2T and C2T with different values of length scale parameter I,.
In the initial value of x1, the t33 decreases sharply and then shows a slight rise for the rest
of the value of x3. H2T shows a higher variation in the f33 as compared to C2T. Figure 9
displays the deviations of couple stress m3; using nMCST for H2T and C2T with different
values of length scale parameter l. For H2T and C2T, the mj3; for length scale parameter
I = 1 decreases sharply. H2T shows a higher variation in the m3; as compared to C2T with
length scale parameter.

7. Conclusions

The new modified couple stress theory of thermoelasticity with hyperbolic two-
temperature is studied in fibre-reinforced composites. The medium is subjected to a
concentrated inclined load. It is a significant problem in solid mechanics to analyze stresses,
hyperbolic conductive temperatures, displacement components and couple stresses caused
by inclined loads in fibre-reinforced materials. The Lord Shulman heat conduction equation
with hyperbolic two-temperature is used to form the model of the problem. Fourier and
Laplace integral transforms method are employed to get the results of the mathematical
model. Dynamic response of concentrated inclined load is investigated. The effects of
hyperbolic and classical two temperature with length scale parameter are represented
explicitly on the physical quantities. Classical two-temperature shows a higher variation in
the resultant quantities such as hyperbolic conductive temperatures, displacement compo-
nents as compared to hyperbolic two-temperature. Hyperbolic two-temperature shows less
deformation in the displacement components as compared to C2T and shows better results
than the C2T theory of thermoelasticity. The length scale parameter shows the major effect
on the analyze stresses, hyperbolic conductive temperatures, displacement components
and couple stresses with both theories of thermoelasticity. Researchers working in ther-
momechanical, sensors, resonators, medical science, accelerometers, as well as in future
research, should benefit from the results of this research.
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Nomenclature

L constant of the dimension of length

7ij  Thermal elastic coupling tensor,

T thermodynamic temperature,

a, B fiber reinforcement elastic parameters,

¢ conductive temperature,

tij Stress tensors (Nm~2),

6()  Dirac’s delta function,

UL shear modulus in longitudinal shear in the preferred direction
A elastic constants,

Cg  Specific heat at constant strain,

m;j  couple stress moment tensor

G; elasticity constants

Kjj  Thermal conductivity,

ur  shear modulus in transverse shear across the preferred direction
Xij curvature tensor,

a Direction of fibre-reinforcement
ejj Strain tensors,
Ty Reference temperature

H() Heaviside unit step function
€k~ Permutation symbol,

bi]' Two temperature parameters,
t time,
o Medium density (kgm~3),
P the density of the medium,
wj rotation components,
u; Components of displacement (m),
S; i Kronecker delta,
lj material length scale parameters
o Linear thermal expansion coefficient,
T Phase lag of temperature gradient
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