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Abstract— In the present study, thermal deformationsand transverse shear deformation effects of isotropic plate were
analyzed using Trigonometric shear deformation Theory. Analytical formulations and solutions for the thermal stress
analysis of simply supported isotropic plate subjected to linear thermal load based on trigonometric deformation are
presented. Simply supported isotropic plate is analysed for the axial displacement, transverse displacement, axial bending
stress and transverse shear stress. In New Trigonometric Shear Deformation. Theory having three variables for the
displacement field. The displacement field for analysis of plate is trigonometric. Boundary conditions and governing
differential equations of the theory are obtained using the principle of virtual work. The important feature of the theory is
that the transverse shear stresses can be obtained directly from the use of constitutive relations, satisfying the stress free
boundary conditions at top and bottom surfaces of the plate. Hence, the theory eliminates the need of shear correction
factor. Plates with different aspect ratio are studied. Results obtained from isotropic plates subjected to linear thermal load
are compared with other shear deformation theory to check the accuracy of the present theory.

Index Terms—Displacement Field, Isotropic beam, Simply Supported plate, Thermal Load

1.1 Introduction conditions, based on assumed displacement field will
be obtained using dynamic version of the principle of

In this paper, a variationally consistent trigonometric virtual work.

shear deformation theory for thermal stresses is
developed. The governing differential equations and
boundary. conditions are obtained using principle of
virtual work. The stiffness matrix is used to find out
field variables w, ¢ and w by using governing
differential equations. The theory is applied to simply
supported and uniform isotropic solid plate for thermal
stress analyses. A closed-form and general solutions
are obtained. The general solutions for field variables
w, ¢ and y are obtained for plate under consideration
using appropriate boundary conditions. The general
expressions for displacements and stresses are
presented. Results obtained are comparing with those
of elementary beam theory, higher order shear
deformation theory. The credibility of the present
theory is established by accurate evaluation of
displacements and thermal stresses.

1.2The plate under consideration- The variationally
correct forms of differential equations and boundary
conditions, based on the assumed displacement field
are obtained using the principle of virtual work. The
plate under consideration occupies the following
region. Consider a thick isotropic simply supported
plate of length a in x direction, Width b in y direction
and depth h as shown in Figure 1. Where x, y and z are
Cartesian coordinates. The plate is subjected to
sinusoidalthermal load of intensity T(x) on whole
length of plate. Underthis condition, the axial
displacement, transversedisplacement, axial bending
stress and transverseshear stress are required to be
determined. The beam is made up ofhomogeneous,
linearly elastic isotropic material with the principal
material axes parallelto the xandy axes in the plane of
plate. The plate’s material obeys the generalized

Theoretical Formulation - The theoretical formulation Hook's law.

of a uniform plate based on certain kinematical and
physical assumptions is presented. The variationally
correct forms of differential equations and boundary

O<x<a;  0<y<b; -h/2<z<h/2 (1)

© 2017 JJRRA All Rights Reserved page-390


mailto:brsontakke@rediffmail.com

Bausaheb.R. Sontakke et al. International Journal of Recent Research Aspects ISSN: 2349-7688,
Vol. 4, Issue 4, Dec 2017, pp. 390~401

J

le |
[ |

X
b

Figure 1: Plate under bending in x-z plane

1.2.2 Assumptions made in the theoretical
formulation

1) The displacements are small and therefore strains
involved are infinitesimal.

2) The in-plane displacement u in x direction as well
as displacement v in y direction consists of three parts:

a. Displacement component analogous to the
displacement in classical plate theory of bending.

b. Displacement component due to shear
deformation, which is assumed.  to be
trigonometric in nature with respect to thickness
coordinate, such that the-maximum shear stress
occurs at neutral axis.

c. The displacements are small compared to plate
thickness.

3) The transverse displacement w in z direction is
assumed to be‘a function of x and y coordinates only.

4) The body forces are ignored-in the analysis.

5) The plate is subjected to thermal load only.

1.2.1The displacement field of TSDT

Based on the above mentioned assumptions, the
displacement field of the present plate theory can be
expressed as follows. The trigonometric function is
assigned according to theshearing stress distribution
through the thickness of plate.

u (x,y,z) =z P‘N((::(y) + {z ,g Sin(%ﬂqﬁ(x,y), (3-2)

v(x,y,z):—z%{z —% sin[%zﬂy/(x,y), (3.3)

W(x,y,z) = W(x,y,z)
Whereuandvare the in-plane displacement

components in the x andy directionsrespectively,
andwis the transverse displacement in the z direction.
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The trigonometricfunction in terms of the thickness
coordinate in both the in-plane displacements uandvis
associated with the transverse shear stress distribution
through the thickness ofplate. The functions ¢(x, y)
andw(x, y) are the unknown functions associated with
theshear slopes. Normal and shear strains are obtained
within the framework of the lineartheory of elasticity
using the displacement field.

1.2.1 Strain-displacement relationships

Normal and shear strains are obtained within the
framework of linear theory of elasticity using the
displacement field given:

0 0
&y OX o |fu y % 0 (’iﬁ u
- < x o X
ey 0 Y {v} and o p 2% \\;v 4)
)o@ o oy
oy ox

Substituting the in-plane and transverse displacement
field from Eq. (2)and Eqg. (3) into Eq. (4), we get
Normal Strain:

kS kS

&y X X y

ey (=12 k)cl +1(z2) kf, {3} and 7Zy>; = g(z){i}
c s

Txy Ky Key

v(x,y,z) =~z aNE;;(y) + l:z —% sin(%zﬂq/ (x,y), (6)

T Qyq O 7,
AR [ g

1.2.5 Stress-strain relationships

For a plate of constant thickness, composed of
isotropic material, one dimensional Hooke's law is
applied for isotropic material, stress(a, ) is related to
strain(e, )and shear stress is related to shear strain by
the following constitutive relations:
The (0x,0yTxy T2y Tzx,) are the stress components,

(£x,y,Yxy Y2y Yax, )are the strain components, E is the
modulus of elasticity, a,anda,are the co efficient of
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thermal expansion along xandy directions respectively
andT is the thermal load.
By inserting Eq. (3.5) in to Eq. (3.7) we get:

c

K
ox Qq Qp 0]
oy 1=2|Q U Q0 kS
T C
Xy 66 kxy
kS
Q1 Qo O |
+f(2)]|Qy Qp O kS
0 0 Qg s
Xy
Q1 Qo 0 |]aT
“z2|Q Qp 0,7
0 0 Q| ¢
and

) -s[sug,]fe)

Where Qjare the plane stress reduced elastic constants
in the material axes of theplate defined as:

HE E
Qq = , Qpp = , Qo = ,
iy S LR A R
Qes = C12+ Q55 = G13+ Qug = Gp3 ©®

Where EandG are the elastic constants of the plate
material E andG are young’s modulus and shear
modulus or the elastic constants of the plate material,
andais the coefficients of thermal expansion in x and z
direction respectively.andTeandTais the thermal load.

1.2.6 Governing
conditions
Governing differential equations and  boundary
conditions are obtained from Principle of virtual work.
Using equations for stresses, strains and principle of
virtual work, variationallyconsistent differential
equations for plate under consideration are obtained.
The principle of virtual work when applied to plate
leads to:
Z:F/Z y=b x=a

o jo(a Gy Ky Bay O 4, B v O ) O ly

equations and boundary

y=b x=a
[ q(xy) owdx dy (10)
V*O x=0

Whered = variational operator,

Substituting expressions for the strains and stresses in
Eq. (3.10)and employingGreen’s theorem
successively, we obtain the coupled Euler-Lagrange
equations which are the governing differential
equations and associated boundary conditions of the
plate. The governing differential equations obtained
are as follows:
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5wt Dy o+ 2Dy 20 ) oy < Dgp o
w + + +

1 OX 12 66 OX“OX
23 3 3
oV (512+2866) 0¢2+ 52'// +

3 axoy? ox2ey

o1y oy

(TD11+TTD12)‘76X +(TD12+TTD22)7W -q ()

3
"¢
S. +S.
{11(7)(3 223

56 S o (s zs) Y _|ss ’32"’55 i c
9+ 51153 +(S12+256 a? (P2t 66672+ 55¢ ~

( ) o )
51, +55¢ oK +(TS1+TTS;, - 0,
. Pw ( ) Pw o2y 2y
Sy Syy 53*4’ 512+2366 W SS%?JrSS22 ayz +Cypuv -

(551275565 ) 2.2+ )T
$812+5566 ) yax * \TS12+TTS22) 55 = 0.

The associate consistent boundary conditions obtained
are as below: Along the edge x = 0 and x = a,

3

D = (D 4D ) o 25 Py S Py
- + + Yy
22 58 ~\P12**0e6) 5 o2 66 52 66 2

(502565 28— ).
+(S812+2566 ) 7y ~\TP12+TTD22 ) 5 =0

o'w o'w 2
[Dn W* DZZW]’Sug

0 ow . .
=S, (—,;;/+(TD1z +TTD,,)T, =0 or =i prescribed (15)
o'w ; !
SS%[;;': 2';/] 254 a0 =0 or ¢ is prescribed (16)
S, w +S8S, o -S
60( 12 ax 22 ayZ
SS,, ;';/ (TS, +TTS,,)T, =0 or y is prescribed 17
(e}
Along theedgey = 0 andx = b,
3 3 2 2
‘Dlla*\g‘(Dlz +4Dygg ) 4 Wz + 25666*?*666*?
OX OX0y oy ox
2 aT,

*(%2*2366)% - (TD12+TTD22)W1 = 0 orwisprescribed  (18)

2 2

o°w o°w o9 oy
D, YD S -S
[ 122 sz 22 ’Yz} 11 ox 12 "oy

ow
+(TD12+TTD22)Tl =0 or Z—X is prescribed  (19)

-2 2 o¢
0w oy
_[Sll 2 +812 N J +S811 T SS15 B

o))

or ¢ is prescribed  (20)

(TS 4TSy, Ty =0

2
oy o4 o“w _ . .
5566 [ngE] - 2566 Pk 0 ory isprescribed (21)
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Thus, the variationally consistent governing
differential equations and boundary conditionsare
obtained. The coefficients appearing in the governing
differential equations and boundaryconditions are
given in Appendix. The flexural behaviour of the plate
is described by thesolutionsatisfying these equations
and the associated boundary conditions at each edge of
theplate.

1.2.7 The general solution of governing equilibrium
equations of the plate:

To assess the performance of the present theory in the
prediction of bending response of a plate under a
thermal load, a simply supported isotropic plate of
length L, width b, and thickness h is considered. The
plate subjected to a thermal load T(x, y) = zTi(X, Y)
varies linearly through the thickness.

o0 o0
{Tl}: z z {Tlmn sin ™ sin mk;)ry} (22)
m=1,3,5 n=1,3,5 a

Where, Timn is the coefficient of Fourier expansion

16T,

0
T, ‘Zfor m=135,...and n=246,...,
LI

Timn = 0 for n=1,35,...and m=246,..., (23)

The quantities Ty are the intensities of thermal load. In
order to solve the governing equation with the
prescribed boundary conditions; a generalized Navier
approach is employed to obtain closed-form solutions.
The following is the solution form for w(x,y), é(X, y),
and w(x, y) satisfying the boundary conditions of
simply supported plate as given below

s
W:W:MX—MX =0atx=0andx = a,

s
w=¢=My—My=0aty=0andy=b.

Consider the mechanical load is zero. i.e.q,=0

W sin —— sin —=
mn a

b
w o) 0
{qﬁ }: > ¢y Cos MZX Gin % (24)
- _ a
V] m=135 n=135 mX mry

Yn S0 — o5 =

WhereWmn, ¢mn, andwmnare the unknown coefficients
which can be easily determined by substituting Eq.
(16) andT(x, y) = zT1(X, y) in the set of three governing
differential equation and solving the resulting

simultaneous equation as,
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K11Wmn + K128mn + Kia¥mn = R
K21%mn *K2o8mn +K23¥mn =F2

K31Wmn * K3ofmn + Kgz¥mn = F3 @5

Where,

miz4 m2n2 72 4z m2n2 72

K, = D. + 2D. +D + 4D s
11 11 a4 12 a2b2 22 b4 66 a2b2

mn?7°

ab?
3

3,3
Kip==S11" 5~ 2 (512+2566)

znﬂ

3.3
Kiz==Syp" 5~ ,3 (312*2366) 2

m22 n2,2
K22 = 5511 Ta + 5866 Tb + C55’

I’T]FI/TZ

Koz = (3512+3566) “ab

n2 2 m2,72
K33—5322 o2 +8566 +C44

22 22
N~z m=r

F1=(D12“x+D22"‘y)T2 T1mn+(D11“x+D12“y)T2 Timn:
mrz

2 =_(s’llax *Spay )TTlmn '

nzr
F3 =~ 5129 *522%y | 5~ Timn-

Thermal Analysis:

A simply supported plate of lengtha, width b, and
thickness h of a homogeneous isotropic material is
considered. The plate occupies the region described by
Eqn. (1) in x-y-z Cartesian coordinate system.

1.2.8 llustrative examples

In order to prove the efficiency of the present theory,
the following numerical example is considered. The
following material properties for plate are used.

Material properties:

1. Modulus of Elasticity E = 210 GPa
2. Poisson’sRatio i = 0.30

3. Coefficient of Thermal Expansion
a, = a, = 12X107¢/°C

The kinematic and static (forced) boundary conditions
associated with various plate bending problems
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depending upon type of supports are as
follows:Simply Supported Isotropic Square Plate
(a=b)

1.2.9 Mathematical formulation

Expression for axial displacement (w)

w=w sm( a )sm(mbryj (26)
Expression for axial displacement (¢)
bt " Jin( 2| o)

Expression for axial displacement ()

= u/mnsm( m;[xjcos( nzyj (28)

Substituting expressions for w, ¢ and y given by Eqn.
(26), (27) and (28) into Eqns. (2), (3), and (8), the final
expressions for axial displacement u ,axial
displacement v, axial stresses a7, d, andtransverse
shear stress 7Ty, Ty, Can be obtained respectively.

Expression for axial displacement (u)

u= {—z wmn[n; jcos(m;rx)sm( nzy}r[z [Dsm[ ﬂ‘/’xy} (29)
Expression for axial displacement (v)

v:{—z Wmn(nb )sm{m;[x]cos[ rv;y}_[z [2)5"{ h ﬂley} (30)
Expression for axial stress (o)

| M2 w222 (h]sm[nzj [ , nﬂ}
o =m0 T p mna Yoy

X

—lemn(aX +,uay)

E
X 1 5 sm[m;[ ]sm [?] (31)
—u
Expression for axial stress (oy)
m2712 n27r2 h\. (rz nzr
Iy = i ”aTJr b2 | _(;)Sm[T) [Wm” a Vmn b}

—lemn(;mz>< +ay)

E mzx nny]
17#2 sm[ a ]sm( b (32)
Expression for transverse shear stress ( z)
mnz2 h m.
LI P sin ? e
Txy mn " ap pn mn b Ymn 73
E cos [Mj cos [mj (33)
2(L+ ) a b
The alternate approach to determine the transverse
shear stresses is the use of equilibrium equations.

Integrating the below two equilibrium equation with
respect to the thickness coordinate and satisfying the
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boundary conditions at the bounding surfaces of the
plate on can obtain the final expressions of transverse
shear stresses. The stress equilibrium equations are as
follows:

oo, Oryx 074y

x Ty Ta

=0 (34)

vy y+Uzy
OX oy oz

=0 (34

Expression for transverse shear stress ( zy;)

| 2 B2,
E ng ™ EE b2

o) (S e s[%ﬂ]

22
_ (’u‘ﬁmn 2 o b )+Tlmn(ya +a [ 2 J

2 n?

yz

z h2

E mx mnz2(h2 22| 1| 3 g 2

W ——— | [+

(+u) a| ™ ab | 8 2 2 cos(”zj Cos(zﬂ
h 2

n. m.

[¢mn{+'/’mn7”)

.| mzX nry

X sm[ a )cos[ b ] (35)

Expression for transverse shear stress ()

y h2 ﬁ m27r2+[n27r2
E mz| ™ 8 2

2\ a|(;2 K2
(2] @ [JLL e 72 z]
2
ZZ
2

2 8
Tx = ¢mn a /"/’mn b + 1mn(a ”‘ay)

. E niw mnz? ﬁ_i
(+g) b | MM ab

8 2

(zﬁmn ;[ Ymn rg”][;—g}r:—i[cos( h ] cos(%ﬂ
X cos {@] sin (M] (36)
a b

2. RESULTS AND DISCUSSION

2.1 Numerical Calculation

In this chapter, the results for maximum transverse
displacementw, in-plane displacements wandv, in-
plane normal stress components ,.and a,,the in-plane
shear stress components 7, transverse shear stress
components 7,,andz,,are presented in the following
non dimensional form for the purpose of presenting
the results in this work.

For plate subjected to sinusoidal thermal load.
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- 1
u= AL UES
alTOEzb

N | o
I+

N
N——

- 1 a h
V= 22”2
(alTOEzb )

- 10 (a b h]
w= W, oI
(eoe?) 2 2 72

ox.0y=

y ;(5 o )(3 b )
(alTOEZbZ) X*Uyj 22" 72
= 1 h
iy (o) (0.0.43)
(alTOEZb )

szzﬁ(%) (0, > o),

2
alTO E2b

;= 2 00|
Y amEp? )V V) 2

All the parameters are obtained by solving the force
matrix and equilibrium equations.

2.2 Numerical Result for Simply Supported Square
plate (a=b) is the simply supported thick square plate,
which is made up of isotropic material. The properties
of plate are given below.

1) Coefficient of Thermal Expansion
Ox= Qy =12X10_6/OC
2) Youngs’sModulus E=210GPa

3) Poissons Ratio u=0.3, Hence the plate is square,
a=b

Table 4.1:Maximum transverse displacement wat (x
=a/2 and y = b/2), in-plane displacement components
uandvat(x=0,y=b/2andz=h/2) and (x = a/2,y
= 0 and z = h/2) respectively, of simply supported
rectangular plate (a = b) subjected to sinusoidal
thermal load for Aspect Ratio 5.

Source Model w u v
Present TSDT 0.5338 | 0.0335 | 0.0335

Shinde

HsDT | 0-5338 | 0.0335 | 0.0335

Kirchoff - CPT 0.6470 | 0.0406 | 0.0406
Love

Table 4.2: Normal stress components o,and o,,at (x =
al2, y = b/2 and z = h/2), of simply supported
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rectangular plate (a = b) subjected to sinusoidal
thermal load for Aspect Ratio 5.

Source Model [ gy

Present TSDT 0.0810 | 0.0810

Shinde HspT | 0:0810 | 0.0810
Kirchoff - Love cpT | 0.0491 | 0.0491

Table 4.3: in-plane shear stress components 7,at (x =
0, y = 0 and z = h/2), transverse shear stress
components 7, at(x = a/2, y = 0 and z = 0),transverse
shear stress components 7,,.at(x =0,y =b/2 and z =
0) of simply supported rectangular plate (a = b)
subjected to sinusoidal thermal load for Aspect Ratio
5

Source | Model Tyy Ty, =
Present | TsDT | 008107} -0.0254 | -0.0254

0.0810 | -0.0254 | -0.0254

Shinde | HSDT
Kirchoff CPT 0.0981
- Love

Table 4.4: Maximum transverse displacement w at (x
=a/2-and y = b/2), in-plane displacement components
uandvat(x=0,y=b/2and z=h/2) and (x = a/2,y
= 0 and z = h/2) respectively, of simply supported
rectangular plate (a = b) subjected to sinusoidal
thermal load for Aspect Ratio 10.

Source Model w u v
Present TSDT 1.0676 | 0.0167 | 0.0167

Shinde | ;o7 | 1.0676 | 0.0167 | 0.0167
Kirchoff - | ~p | 1.2941 | 0.0203 | 0.0203
Love

Table 4.5: Normal stress components o,and g, at (x =
al2, y = b/2 and z = h/2), of simply supported
rectangular plate (a = b) subjected to sinusoidal
thermal load for Aspect Ratio 10.

Source Model [ ay
Present TspT | 0-0405 | 0.0405
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Shinde 0.0405 | 0.0405

HSDT
Kirchoff - Love CPT 0.0245 | 0.0245

Table 4.6: in-plane shear stress components 7, at (x =
0, y = 0 and z = h/2), transverse shear stress
components 7, at(x = a/2, y = 0 and z = 0), transverse
shear stress components 7,,at (x =0,y =b/2 and z =
0) of simply supported rectangular plate (a = b)
subjected to sinusoidal thermal load for Aspect Ratio
10.

Source | Model Ty Tyz Tyx

Shinde HspT | 0-0405 | -0.0063 | -0.0063

Kirchoff CPT 0.0491 - -
- Love

lzi —E1— Present TSDT
1 —@— HsSDT
107 CPT
_ o
8;
w7;
6 |
5 |
4
3;
5 |
1 S
O TR T T R T T T

0 10 20 30 40 50 60 70 80 90 100
AS

Figure 2.1: Variation of maximum transverse
displacement w in z direction of simply supported
square plate at (x =a/2 and y = b/2) when subjected to
thermal load with aspect ratio (S).
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0.5 —

—E— Present- TSDT
—&— HSDT

CPT

0.01 0.02 0.03 0.04

u

Figure 2.2: Variation, throughout the thickness, of the
in-plane displacement ' components u in the x
directions of simply supported square plate at (x = 0,
y = b/2 and z = h/2) when subjected to thermal load
for aspect ratio 5.

—E1— Present- TSDT
—&O— HSDT

CPT

-0.020 -0.015 -0.010 - 0.005 0.010 0.015 0.020

u

Figure 2.3: Variation, throughout the thickness, of the
in-plane displacement components w in the x
directions of simply supported square plate at (x = 0,
y = b/2 and z = h/2) when subjected to thermal load
for aspect ratio 10.
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—El— Present- TSDT
—&— HsDT

CPT

0.01 0.02 0.03 0.04

v

Figure 2.4: Variation, throughout the thickness, of the
in-plane displacement components v in the vy
directions of simply supported square plate at (x = a/2,
y = 0 and z = h/2) when subjected to thermal load for
aspect ratio 5. (Numerical 1)

z/h

03 | —E1— Present- TSDT
i —9O— HSDT

CPT

0.02

Figure 2.5: Variation, throughout the thickness, of the
in-plane displacement components v in the vy
directions of simply supported square plate at (x = a/2,
y = 0 and z = h/2) when subjected to thermal load for
aspect ratio 10. (Numerical 1)
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<
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\

-05 -

Figure 2.6: Variation, throughout the thickness, of the
in-plane normal stress components &, in the X
directions of simply supported square plate at (x = a/2,
y = b/2 and z = h/2) when subjected to thermal load
for aspect ratio 5.

05 —
’ —E1— Present- TSDT
zh 04— —O— HsDT
0.3 CPT
0.2 —

0.00 .01 0.02 0.03 0.04
N Oy

Figure 2.7: Variation, throughout the thickness, of the
in-plane normal stress components o, in the x
directions of simply supported square plate at (x = a/2,
y = b/2 and z = h/2) when subjected to thermal load
for aspect ratio 10.
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0.4 = —F3— Present- TSDT
0.3 —A— HSDT

CPT

-0.10 -0.05 0.00 00" _ 0.10

-0.3 4

0.4 —

-05 -

Figure 2.8: Variation, throughout the thickness, of the
in-plane normal stress components o, in _the y
directions of simply supported square plate at (x = a/2,
y = b/2 and z = h/2) when subjected to thermal load
for aspect ratio 5. (Numerical 1)

0.5 —

o,
' —F}— Present - TSDT
03| —9— HsDT

* CPT

[T P

-0.05 -0.04 -0.03 -0.02 0811 0.p0

LT T T T T
01 002 0.03 0.04 005

0.2 —

-0.3

-04 —

05—

Figure 2.9: Variation, throughout the thickness, of the
in-plane normal stress components o, in the y
directions of simply supported square plate at (x = a/2,
y = b/2 and z = h/2) when subjected to thermal load
for aspect ratio 10. (Numerical 1)
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Figure 2.10: Variation, throughout the thickness, of
the in-plane shear stress components 7, of simply
supported square plate at (x =0,y = 0 and z = h/2)
when subjected to thermal load for aspect ratio 5.
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Figure 2.11: Variation, throughout the thickness, of
the in-plane shear stress components 7,, of simply
supported square plate at (x =0,y = 0 and z = h/2)
when subjected to thermal load for aspect ratio 10.
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Figure 2.12: Variation, throughout the thickness, of
the transverse shear stress components 7,,,of simply
supported square plate at (x = a/2, y = 0 and z = 0)
when subjected to thermal load for aspect ratio 5.
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Figure 2.13: Variation, throughout the thickness, of
the transverse shear stress components 7,,,0f simply
supported square plate at (x = a/2, y = 0 and z = 0)
when subjected to thermal load for aspect ratio 10.
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Figure 2.14: Variation of the transverse shear stress
components 7,,.of simply supported square plate at (x
=0,y =b/2 and z = 0) when subjected to thermal load
for/aspect ratio 5.
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Figure 2.15: Variation of the transverse shear stress
components T,,.of simply supported square plate at (x
=0,y =b/2 and z = 0) when subjected to thermal load
for aspect ratio 10.

2.5. Discussion of Results
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In order to validate the efficiency of the present
Trigonometric shear deformation, a sample problems
is considered. The results obtained for displacements
and stresses are compared with the corresponding
results of the classical plate theory (CPT), higher order
shear deformation theory (HSDT). The comparison of
results of maximum non-dimensional axial and
transverse displacements, axial and shear stresses for
aspect ratios of 5 and 10 are presented for plate
subjected to thermal loads. The results in this section
are discussed below.

2.5.1 Transverse displacement w

Numerical results are obtained for various b/h and a/b
ratios. It can be observed that the results obtained by
the present theory are in excellent agreement with
those of HSDT, whereas CPT underestimates the
transverse displacements for all aspect ratios b/h with
respect to that of the present theory. The results
obtained by using the present theory agree extremely
well with those obtained by HSDT. CPT .under-
predicts the transverse displacement ‘w. The variation
of transverse displacement w for aspect ratio 5 and 10
is presented in Table (2.1), (2.2), (2.3), (2.4), (2.5) and
(2.6) and Fig. (2.1) for simply supported plate with
sinusoidal thermal load. The displacement predicted
by CPT is lower than that-of TSDT and HSDT.
Transverse displacement obtained for isotropic plate
by present theory is in-good agreement with higher
order shear deformation theory.

2.5.2 The in-plane displacement uandv

The in-plane displacement u and v in the x and y
directions respectively for aspect ratio 5 and 10 is
presented in Table (2.1), (2.2), (2:3), (2.4), (2.5) and
(2:6) and Fig. (2.6) (2.7), (2.8), (2.9).The displacement
predicted by CPT is lower than that of TSDT and
HSDT.

1. The values of axial displacement predicted
by HSDT and TSDT are identical for all
aspect ratios. The through thickness
distribution of this displacement obtained by
present theory is in close agreement with
other refined theories except the CPT.

2. There is considerable variation in result for
a/b ratio, for a/b = 1 the values for transverse
shear stresses are same for all aspect ratio.

45.3 The in-plane normal stress components
o,ando,

The in-plane normal stress components o,.anda,, in
the x and y directions respectively for aspect ratio 5
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and 10 is presented in Table (2.1), (2.2), (2.3), (2.4),
(2.5) and (2.6) and Fig. (2.6) (2.7), (2.8), (2.9).The
result predicted by CPT is lower than that of TSDT
and HSDT.

1. It is observed that the results by present
theory are in excellent agreement with other
refined theories. However, CPT vyield lower
values of this stress as compared to the values
given by other refined theories. The through
the thickness variation of this stress given by
CPT is linear throughout the thickness of
plate, indicating the effect of neglect of shear
deformation.

2. Present and FSDT provide the non-linear
variations of axial stress across the thickness
at the built-in end due to heavy stress
concentration. However, this effect of local
stress concentration cannot be captured by
lower order theory like CPT.

3. There is considerable variation in result for
a/b ratio, for a/b =1 the values for transverse
shear stresses are same for all aspect ratio.

2.5.4 The in-plane shear stress T,,,

The In-plane shear stresses 7,,, obtained for isotropic
plate by present theory are comparable with HSDT
and CPT, whereas CPT underestimates it compared to
the results of present theory and HSDT. The in-plane
shear stresses 7,, for aspect ratio 5 and 10 is
presented in Table (2.1), (2.2), (2.3), (2.4), (2.5) and
(2.6) and Figs. (2.10), (2.11), The result obtained by
CPT is quite lower than that of TSDT and HSDT.

4.5.5 The transverse shear stressz,,and T,, :The
Transverse Shear Stresst, ,and7,, for aspect ratio 5
and 10 is presented in Table (2.1), (2.2), (2.3), (2.4),
(2.5) and (2.6) and Figs. (2.12), (2.13), (2.14) and
(2.15). The Transverse Shear Stress is obtained by
equilibrium equation.Here, the realistic variation
means the variation given by any refined theory which
resembles to that of elasticity solution. The transverse
shear stress obtained by both the theories satisfies the
shear stress free conditions on the top and bottom
surfaces of the plate.

1. For simply supported plate maximum
transverse shear stress obtained by present
theory is in close agreement with that of other
higher order theory (HSDT). The values of
present theory and those of HSDT are in good
agreement with each other.

2. The maximum negative value of this stress
occurs at the neutral axis.
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There is considerable variation in result for a/b ratio,
foralb=1.
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