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Abstract

In this paper, a refined plate theory (Alternative Il theory) is presented for the three-dimensional bending analysis of an
Isotropic thick plate. The theory has similarity to the first order shear deformation theory but requires no shear correction
factors. The kinematics equations were developed based on the Alternative Il Refined plate theory. Thereafter, using a
complete three-dimensional constitutive relation, the total potential energy was developed. A governing equation and two
compatibility equations were obtained by the variation of the total potential energy with respect to displacement and
rotations respectively. Solving the governing and compatibility equations, a polynomial displacement function was
obtained. The stiffness coefficients were then obtained using the displacement function. Thereafter, the equations for the
in-plane normal and shear stresses, transverse normal and shear stresses as well as the lateral displacement were developed
using the stiffness coefficients and the displacement function. Numerical values of the lateral displacement parameters
were determined for a rectangular plate of aspect ratio 2.0, 1.0 and 0.5 for span to thickness ratios of 20, 10 and 7.14286.
Also, numerical values of the lateral displacement and stresses were determined for a square plate for span to thickness
ratios of 4, 10, 100 and 1000. The results from this work were compared with the work of previous researchers using simple
percentage difference. It was observed that refined plate theories overestimate the lateral displacement of a plate. Hence,
three-dimensional analysis is recommended for thick plate analysis.
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the span to thickness ratio of the plate becomes relatively
low [4]. Such plates that have a low span to thickness
ratio (less than 20) are known as thick plates. To take

1.0 INTRODUCTION
The analysis of plates has been in existence for
decades. It remains an important subject of interest

because of the various uses of plates in engineering. Such
uses are seen in the construction of structures such as
wall panels, bridges, building floors, roofs, offshore
platforms, aircraft, vehicles, ships among others [1].
Researchers have carried out various analysis of plates
using different theories in the past. One of the earliest
theories used in plate analysis is the classical plate
theory. This theory assumes transverse inextensibility of
the plate, hence neglecting strain along the thickness of
the plate. Also, the classical plate theory neglects
transverse shear stresses in a plate. This is done by the
assumption that a vertical section of the plate remains
normal to the middle surface even after deformation [2,
3]. Itis obvious that the classical plate theory idealizes a
plate as a two-dimensional material. Such
approximations are only introduced to facilitate analysis,
but it is known that significant shear tresses occur when

care of the shear deformation that occurs in thick plates,
Reissner and Mindlin introduced the first order shear
deformation theory. The first order shear deformation
theory takes account shear deformation but assumes a
constant shear stress across the thickness of the plate [5].
This poses another problem as it defies the shear free
surface condition. Hence, shear correction factors are
required to provide a correct relationship between shear
strain and stress across the thickness of the plate [6, 7].
These shear correction factors also pose challenges as
they are dependent on geometry, loading and support
conditions. To solve the problems associated with the
classical plate theory and the first order shear
deformation theory, higher order theories are developed
[8]. These higher order theories take into consideration
the shear deformation by using a shear deformation
profile that ensures distribution of shear stress across the
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thickness of the plate and ensuring zero traction at the
surface [9]. It should be noted that even the first order
and higher order shear deformation theories solve plate
as partial three-dimensional material because of the
assumption of transverse inextensibility. This results in
the stress along the thickness of the plate being assumed
to be zero. Therefore, only five stress components are
solved. Even though results obtained from these
approximations are acceptable for many practical
purposes, they do not give the accurate values of the
stresses acting on the plate as well as the displacements
under applied loads. It is important to analyze a plate
using three-dimensional analysis to get the full response
of the plate under loads since it is a three-dimensional
body. Most works on three-dimensional analysis are for
functionally graded (or sandwich) plates [10-14].
However [15], carried out analytical three-dimensional
bending analysis of simply supported isotropic
rectangular plate using a third order shear deformation

theory while [16], investigated the three-dimensional
stability analysis of plate using a direct variational
energy method. The present study therefore presents an
analytical approach to the three-dimensional bending
analysis of homogeneous, rectangular, isotropic thick
plate using a modified first order shear deformation
theory which requires no shear correction factor yet
satisfies shear free surface condition.

2.0 Refined Plate Theory: The refined plate theory is
formulated as shown below:

2.1 Basic Assumptions

Consider a rectangular plate of total thickness,
h, as shown in Figure 1la. The deformed section of the
plate is as shown in Figure 1b. The plate is made of
isotropic material. The assumptions of the present theory
are as follows:

Actual
deformation Z]
z line m{'ﬂ:ﬁi
\b
5 miﬁ‘m
4 he‘{ - oor Y
\:G“Uﬁlﬁ
W2l >
h/2 PT
- | b | deformation
X f T line
(a) (b)
Figure 1: Geometry and deformed section of rectangular plate
i. The plate material is flat before loading. u=u,+ ug (1
ii. The deflection (w) of the middle in-plane V=v.+ v (2)

surface of the plate is small when compared
with the thickness of the plate. That is w/t < 0.3.

iii. The middle surface of the plate never stretches
nor compresses before, during or after bending.

iv. A straight and flat x-z or y-z section, which is
normal to middle x-y plane before bending shall
remain straight and flat but not normal to the
middle x-y surface after bending.

V. The actual transverse shear stresses, that is, x-z
and y-z shear stresses distributed across the
thickness of the plate are the product of nominal
X-z and y-z shear stresses and shear stress shape
profile, g(z). That is:

Txza = Txz g(Z)

Tyza = Tyz g(2)

From assumption (iii), it follows that the in-
plane displacements u and v consist of only bending, and
shear components. This is as shown on Equations (1) and

).

The bending components u. and v. are
assumed to be similar to the displacements given by the
classical plate theory, except for the removal of the
negative sign. Therefore, the expression for u, and v,
can be given as:

aw ow

Ue. = Za,vcz Za—y

(3)

From assumption (iv), the shear components ug
and v are assumed to have a linear shear deformation
profile in the displacement field but by multiplying the
transverse shear stresses with a shear stress profile as
given in assumption (v) ensures that shear stresses are
zero at the top and bottom faces of the plate. Hence, no
shear correction factor is required. Consequently, the
expression for ug and v can be given as:

Us = 2y, Vg = Zq)y (4)
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2.2 Kinematics
If Equations (3) and (4) are substituted into Equations (1) and (2), the displacements are given.
Hence, the kinematic relations are as shown on Equations (5) to (10).

du (9w  Ody
BT ok (ﬁ + ox ) )
ov *w 0
Ey = a— ( + ¢y) (6)
y dy* = dy
ow
€, = E (7)
ou dv 0w 0¢, 0d,
Yy = @*&—Z<2axay+ ay T ax ) ©
Ju Jw ow
sz=a+a=2§+ by (C))
_6V+6w_26w+ (10)
Yyz = 5, dy " ay by

2.3 Constitutive Relations
The constitutive relation for a three-dimensional isotropic material is used in this work. This is as given in Equation (11).

Sx
Oy [(1—p R H 0 0 0 1le
[Gy} B 1-w i 0 0 0 .
Oz| | H R 1-w 0 0 0 z
T |TE 0 0 0 (0.5 —p) 0 0 Yy an
Txz 0 0 0 0 (05— 0 v
Tyz 0 0 0 0 0 05— wl|™
_sz
Where:
E
= —————— (12)

1+waA -2

E and p are the young modulus of elasticity and the Poisson ratio respectively.
By substituting Equations (5) to (10) into Equation (11), The Equation of stresses can therefore be written as:

Pw 00, 2w 9 a
oy, = E* z(l—p)( i 6d>)<>+ Zu(ayw+ ;;f) HO_‘Z] (13)
. Pw a 9
6y=E*[zu<ax2+ c;b>+ (1—u)<—w+aiyy)+ua—‘;]] (14)
(92w o, *w 0P ow
o,=E _Zu<8x2 ax>+Z”<W+a_yy)+(1_”)Z] (15)
Ty = E* [2(0.5 - <2 o ;’ + a;;" + a(;%)] (16)
Ty, = E° [(0 5—w ( -+ q)x)] 17)
a
- E, [(o 5 u)( a5 ¢y>] (18)

2.4 Total Potential Energy
The internal work is as shown in Equation (19).

0.5z
U= f J- f (cxsx + 0yey + 0,8, + TuyVxy + TarVxz + TyzVyz ) 0x dy 0z (19

0.5z

If Equations (5) to (10) and Equations (13) to (18) are substituted into Equation (19) and simplified, the internal work is
given as:
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o L (3] om0 B e a2
+22(1—u)( 0% ) + ZZzua—yMZ/. ;{x+222u%.%+ ZZua(;bx 37 T 2(1—u)< )
+ZZZ(1—u) ai+22u(z)27mzl.%—vzv+ 2(1 ll)< q;y) +Zzuaia_ +(1- )( )

2

9
q> +22(0.5 — ) ( q;y> +4(0.5—u)(—w) +4(0.5—u)a—‘:{v.¢x

+22z2(0.5 - )
2
+ (0.5 — u)q;xz +4(0.5 - ) (W) + 4(0.5 - u) ¢>y + (05— Wo, >6x6y62 (20)

Substituting x = aR, y = bQ, z = tS and « = b/a into Equation (20) gives the average strain energy as given in Equation

(21)
2¢1 - — (2% 201 _ p LW 00, 1 0w o'w
f f f“(S = (6R2> T2 A-W5ER R Y P M e ar 502

9w 2 2 2
c]) S 10°w ow dod 1 0°w d¢
252 — .= 2— — +5%2(1 - ( ") 252 — ==
+ ”a3o<aR2 aq * “aZaRZ 5 P A-wEGR) 2 Ewagr R
b, dd s 10 1 [(9*w\’ 1 9w 99
252 22Xy 2= X ——+5%2(1- — 25%(1 — =
TG IR QT CeMaaR asJr A-Wasa\ser) T2 0-Wasae ag
S 1 9w 1 1 9, 9 1—p) /0
paS L OwOow ¢y +2—u ¢y_w ( u)(_W)
t2" a2 x29Q2" 39S az «z\ aQ aox dQ " ds t+ \as

1 0*w 1 0¢, ’w 1 dp, 0*w
2 _ 2 _ x 2 _ y
+45%(05 — 1) —— ( ) +452(0.5 — ) —— +452(0.5 — 1) 3oc—6R'6R6Q

a* o2 aRaQ a3 «2 9Q '9RIQ
x 1 0, 1 (0
52005 - W) — ocz(aq())) +252(05 - W —— aq(’l ad;y +5205- 0= (ﬂ>
1 /0w\° (05 W, 1 w2
ow (0.5 u) 5
+ 4(05 - }J.) 7 x tzw. y t—zq)y ORBQBS (21)

Evaluating the integrals with respect to S in Equation (21), gives the internal work as:

_ abD, w 0¢x 1 0%w 0*w ad*w 0 c])y 5 AP\
= 24t Jf (1_”)<0R2> T2 -u )“aRZ T 2R g T M ware aq T We ( )

2 2.\ 2 2
a6w6¢x+2 a’ o, aq)y e )_(6_W> +2(1_u)a6w ¢,

2502 R T2V R R T 3Q «*\ 302 3902 39
b, at jowy? 2w \? a ap, *w
+(1_“)_<W> +12(1—u)F(£) +4(05 - u)— 3Rag) TOS W g5 oRag
ad, 02 x 20,
+4(05-u %%'aR;/QH _”)_(aq()z> +2(05 - )_aq()z aq;{y”os_ Wa 2(%)
a? /ow\> adow a?  ow\?
+48(05— )L (ﬁ) + 48005 - )L e b + 12005 - u) q)x +48(05 — ) th(%)
3
+ 48(0.5 - W <790 = ¢, + 12(05— p.)—d)y dRAQ (22)
where Dy is given in Equations (23)
3
Dy= 23)

121+ w1 —2p)
The external work is expressed in the non-dimensional form as:
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1 1
V= abf J [qw]dRaQ (24)
0 Jo
Combining Equations (22) and (24) gives the total potential energy as:

_abD, w od, 1 9?w 0%w a d*w aq>y ) AP\
= 24t f f (1_”)<6R2> +2(1_“)aaR2 or T MM aarz a7 T M ware aq T 1WA (5)

a 0*w 0o, a? oo, 00, 0w\’ a 0°w ¢,
+ ZHQW 2“0( R 2Q ( — )0(4' (W) +2(1—H)56—Q2%
a* /0wy > 1 [ w)\’
+( u)—(%) +12(1- lﬂ_(%) 405~ “)_<aRaQ)
0b, 07 a 0py 0’w 0
+4(0.5—u)%a%.aR2/Q+4(05 u)oC a(DRy E)RaQ (05_“)_(6422)
a2 0, 2wy ?
+2(05 - u)—aqz2 aq;y+(05 Wa? (%) +48(0'5_”)a_2(%) Ta805 W e 0}: o
a2 2 a® ow
+1205- W5 o + 48005 — ) - < 12 (aq) + 48051 50 aq
4
+ 12005 — “) ¢y Zq];lW dRAQ (25)
0

2.5 Compatibility Equations and the Governing Equation

Carrying out minimization of the total potential energy functional with respect to the rotational displacements
gives compatibility equations. Equation (26) and (27) are obtained when Equation (25) is minimized with respect to ®x
and Oy respectively.

0w 0P, a 0w 2 0%, a 03w a? 0%¢,
21— u)aaR3 +2(1 —pa? 6R2 + ZHEW-F 2u = aRaQ+4(0.5 — ) 28R8Q2 ———+2(05—pw— <% 302
2 3
0°d, aw
+2(05— u)—aRaQ +48(05 — )= = aR +24(0.5 - u) q)x = (26)
a 03w a? 0°d, 63W 0%, 03w a? 9%,
20 arzaq t M < araq T 21 W Gagge T20 - “)? agz +4(05- “) x 9R? 6Q+ 205 -5 x 9RIQ
0%, a® ow
+2(0.5 — pa? SR + 48(0.5—p) <2 OQ + 24(0.5 — u) cl)y 27)
Solving Equations (26) and (27) gives:
o = CrO0w 28
* adR (28)
Gy ow 29
y a OCaQ ( )

Where Cg and Cq, are constants.
Minimizing Equation (25) with respect to deflection, w, gives the governing equation as follows.

94w a3¢x 1 9*w 3¢y a a3q)x 1 0*w a a3¢y
(1-u )WHl Wagrs t 2agrzage T o<6R26Q+ Haaaragr T (T )_4W (1 -Wa5es
a* 9w 9w a 93¢, 0,
T120 W ag T 405 - o @ artoq (0% T W agraq 200 W5 aQ
a? o*w as oo, a? 9*w a’® 0,
+48(0.5 — ) 5 oo + 24(0.5 At 7 ap 4805 -5 a9zt 24(0.5 — u)w%
@’ _, 30
D, (30)

If Equations (28) and (29) are substituted into Equation (30) and simplified, it gives:
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0*w  (2p+puCq + pCg +4(0.5 — ) +2(0.5 — WCr + 2(0.5—-WCq\ 9*w
A=W+ C) gz + < o2 9RZ 6Q2
1-p(1+¢y)a*w a??w  24(0.5 - (2+Cy) a?d*w
+TW+24(05_H)(2+CR)L“_ZW ) t_Za_QZ
+12(1 )a4 A 0 31
Wtiasz ~ b, — G

Equation (31) can be arranged as shown on Equation (32),

o'w 7, otw v, o*w qa* ’w U, 9*w 0*w
(WJ“ GZOREOQZ | o* 3Q*  Do(1— W1+ Ca) ) * <V3W+50_QZ> * (VSW> =0 (32
Where: V;,V,,V;,and Vs are constants.

It can be seen from Equation (32) that one of the valid solutions is that each term in the brackets must be equal to zero.

That is:

o*w N v, 0*w N v, 0*w qa* 3

OR* = «29R%20Q% = «* 9Q* Dy(1—-w(@A+Cgr)
*w 7, 9*w

0 (33)

0%w
V5 W =0 (35)
Equation (35) can be written as
0%wy
Wj. VS 6_52 =0 (36)

Where w, = w,w, represents the in-plane component of the deflection and w; represents the out-plane component of the
deflection. For non-trivial solution of Equation (36), then:

IWs _ g 37
sz (37
From Equation (37),

Ms _k 38
aS - 1 ( )
Therefore:

WS = kO + kls (39)

Since at the middle surface there is no strain, then, it can be deduced from Equation (38) that k, = 0 and substituting same
in Equation (39) gives:
ws = kg (40)

Equation (40) suggests that z component of deflection, w of the middle surface of the plate is a constant and not
a variable. Therefore, the deflection, w is a function of only x and y (or R and Q).

Solving Equation (33) gives the deflection of the plate, w in the form shown in Equation (41).

ap by
a b,
w=[1RR*R3R*] [ 22/2 | x [1Q Q2 Q3Q*] | b,/2 (41)
az/6 b3 /6
a,/24 b,/24

Equation (41) can be written in a terse as:
w=Ah (42)
Where A and h are the coefficient of deflection and the shape function of the deflected curve respectively.
If Equation (42) is substituted into Equations (28) and (29), they give:
_ACpdh _ Brdh 43
¥ a dR  adR (43)
ACy dh B, dh
y = o = (44)
ax dQ ax dQ
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2.6 Bending Analysis
Bearing in mind that deflection, w is not a function of S, substituting Equations (42), (43) and (44) into Equation
(25) and simplifying gives Equation (45).

abD
o > ((1 —~ u)[AZ + 2ABg + Bp?|Kpg
+ @ [2pA2 + 2pAB, + 2pABg + 2uBg B, + 4(0.5 — WA? + 4(0.5 — WABg + 4(0.5 — WAB,
1-p
2 2
+ (0.5 — WBR* +2(0.5 — WBgBy + (0.5 — WBy* |Krq + — [A%2 + 2AB, + By*|Kqq
a? 12(0.5 — ) a?
+12(05 - [4A? + 4ABg + BR*|Kg + — % ~[4A% + 4AB, + B,*|Kq
2qa*A
- =5, Kq> (45)
Where:

II(W) dRdQ,Kgq = ff(aRaQ) dRdQ, KQQ_I f (W) dRdQ,
R:fofo 3R deQ'KQ=jOf0 Q deQKq=jof0hdeQ,

Minimizing Equation (45) with respect to Brand Bq produces Equations (46) and (47) respectively.

2 1

[2(1 v MKRQ +24(0.5 — ) ( ) KR] Bp + [— KRQ] B,
2(1
+ [2(1—u)KRR+uKRQ+48(05— u)( ) ] (46)
1 2(0.5 — 2(1 - 24(0. 5
[_2 KRQ] Br + [% Krq + ( oy 2 Koo + ( W@ ( ) ]
2(1 - 2(1 - 48(0.5 —

+[(o<2u)KRQ+ (o<4u)KQQ ( u)() ] “7)
Solving Equations (46) and (47) simultaneously would give:
Br =Ti. A (48)
By, =Ty.A (49)
Where:

(myymy3 — my3my;)

Tk = 50
R ((mumzz - m12m21)) (0)
Mp1My3 — My1My3
T, = 51
¢ (my1myy — myymy,q) GD
2(0.5 —p) 2
My = 201 = WK + = Kng + 24(05 = 1) ( ) Ke  (52)
1
My =My = @KRQ (53)
2(1—p) a2
mas = 2(1 = WKnr + =5 Krq +48(0.5 — 1) (?) Kp (54)
2(0.5—p) 2(1 —p) 24(0.5 — ) a2
my, = ) KRQ + o4 KQQ + —OCZ (?) KQ (55)
2(1—p) 2(1—p) 48(0.5 — ) sa\?
my3 = TKRQ'FTKQQ-FT(?) KQ (56)

If Equation (45) is minimized with respect to A, it gives:
2
2(1 — w[A + BglKgg + —Z[ZuA + B, + By + 4(0.5 — WA + 2(0.5 — WBg + 2(0.5 — W B, |Krg

+2(1—[A+BQ]KQQ+48(05—H)( ) [24 + Bg]Kg + W( ) [24+ By]Kq
2qa* _
- Ka=0 (57)
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If Equations (48) and (49) are substituted into Equation (57) and simplified, it gives:

2 2(1-wA
2(1 — WA[1 + Tr]Krr +@A[2u + uTq + uTg + 4(0.5 — ) + 2(0.5 — WTg + 2(0.5 — WTq |Krq + T”[l + To]Kqq
a2 48(0.5 — u) 2qa*
+48(0.5 — p)A (?) [2+ TKg + ——5— ( ) [2+ Tg]Kq = —K,q (58)
Equation (58) can be written in the form shown in Equation (59)
a4
AKp = g, (59)
Do
Where
1
(1—-pw a2 24(0.5 u)
o [14 TolKoq +24(05 = W (7) [2+ TalKe + T( ) [2 + To]Kq (60)
From Equation (59), it follows that:
A= Kqqa® 61
= Ko Dy (61)

Substituting Equation (61) into Equations (48) and (49) respectively gives:

qa*

Br = Tr Kq D_ (62)
Kq qa*

By =Ty K‘* Dy (63)

If Equations (61), (62) and (63) are substituted into Equations (42), (43) and (44) respectively, the following equations are
obtained.

K, qa*
s
=% D, (64)
o, =T K, qa® dh 65
RKT D, dR (65)
T a® dh
_Tq Kq qa” dh
® =%k Dy aq ¥

Substitutingx = aR,y = bQ,z = tSand « = b/ainto Equations (13) to (18) bearing in mind that the deflection,
w, is not a function of z or s gives the following.

oy = E* [L(l — W (6_W +a ad)X) + il (a_w +a « %ﬂ (67)

a2 dR? oR a? «2\9Q? Q

o, = E* [tS_u (ZZTM; + aaad;x> + ﬂg—;zm(% +a« 6;8,>] (68)
B T PRI R
o E t5(0;152— W (é 6(;22/Q +§% N 5;;)] (70)
om0 ) 7y
i '(o.sa— w (é %v N ad)y)] (72)

Consequently, Equations (64), (65) and (66) are substituted into Equations (67) to (72), then Equations (12) and (23)

substituted into the resultant Equations to obtain the equations for the stresses in non-dimensional form as:
2

t d%h
EXIGX_qT_ 125[(1_H)(1 +TR)6R2 i( +TQ)aQ2]_ (73)

_ t? 9%h (1 0%h
Sy =0y = 128 [u(l +TR) = Rzt o (1 + TQ)a—Q2 ﬁ (74)
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2

5 —o. L —1asu|cer 9*h (1 +Tq) 0%h] K, -

0z = Oz, qaz - B R 9R?2 oc2 aQZ KT ( )

Tyy = 2—125(05 )(2 + T+ Tq) h | Kq 76

Txy _Txy- qaz - e . H R Q aR aQ KT ( )
_Txe 5)_ [ _ O Kq (ay®

T = (a =12|(05 - W@ + T 35| ¢ (t) (77)

Tyt (0.5 —p) oh] K, ,a\2

Tyz _?(E> = 2[—0( (2 + TQ)E Ky (;) (78)

For the out-of-plane displacement w, if Equation (23) i
dimensional form of the deflection, w as:

3

W = Et—121 2 (1+)th 79
W—wqa4— ( 1Y) uKT (79)

3.0 Numerical Example

It is required to analyze a thick rectangular
SSSS isotropic plate whose Poisson’s ratio is 0.3. The in-
plane normal stresses (ox) and (oy) are to be obtained at
coordinate (0.5, 0.5, 0.5). The in-plane shear stress (txy)
is to be obtained at (0, 0, 0.5). The out-plane shear stress
(txz) is to be obtained (0, 0.5, 0), while the out-plane
shear stress (ty;) is to be obtained at (0.5, 0, 0). Also, the
transverse displacement (w) is to be obtained at (0.5, 0.5,
0). The shape function for the given plate is h = (R - 2R®
+R%) (Q-2Q° + Q).
The stiffness coefficients are: Krr = Kgo = 0.23619, Kro
=0.23592, Kr = Kq = 0.02390, Kq = 0.04.

3.1 RESULT AND DISCUSSION

The results of the numerical examples are
presented in Table 1 and Table 2 in comparison with the
works of previous scholars.

Table 1 shows the values of the non-
dimensional displacement, w of simply supported
isotropic rectangular plate under uniformly distributed

s substituted into Equation (64) and simplified, it gives the non-

transverse load with those obtained by previous scholars.
It is observed from Table 1 that the results of the lateral
displacement (w) obtained from three-dimensional
analysis vary with the results of refined plate theories. It
is therefore seen that refined plate theories overestimate
the lateral displacement of a plate. The variation of the
lateral displacement obtained from this present study and
that of Shimpi and Patel (2006) has a maximum
percentage difference of 19.94% at a span to thickness
(%) value of 20 and aspect ratio (g) of 1.0 while its
minimum percentage difference is 11.65% occurring at a

span to thickness (%) value of 7.14286 and aspect ratio
(S) of 0.5. With the works of Reissner, the maximum
percentage difference is 19.89% at a span to thickness
(%) value of 20 and aspect ratio (Z) of 1.0 while its
minimum percentage difference is 10.99% occurring at a

span to thickness (%) value of 7.14286 and aspect ratio
(2) value of 0.5.
a

Table 4.1: Results of non-dimensional displacement, (w) for a rectangular plate under uniformly distributed
transverse load

Plate dimensional __ WwE 1
parameters Y=g za+p
atx=al2,y=h/2
b a Present Shimpi and | Reissner (R). Percentage difference between Present
a t Study Patel  (2006), | Taken from reference | study and previous works. (%)
(SP) of Srinivas, (1970) SP RO
20 5850.92 6855.0 6852.9 17.16 17.12
2.0 10 376.12 437.52 437.02 16.32 16.19
7.14286 101.17 116.91 116.66 15.56 15.31
20 2302.15 2761.3 2760.0 19.94 19.89
1.0 10 150.02 178.45 178.13 18.95 18.74
7.14286 41.09 48.40 48.247 17.79 17.42
20 376.12 437.52 437.02 16.32 16.19
0.5 10 25.96 29.604 29.492 14.04 13.61
7.14286 7.57 8.452 8.4025 11.65 10.99
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It is seen from Table 1, that the variation in the
lateral displacement increases with an increase in the

span to thickness (%) value. All these suggest that the

refined plate theory is not very suitable for thick plate
analysis, hence a three-dimensional analysis is
recommended for thick plate analysis.

Table 2 shows the results of the non-
dimensional lateral displacement and stresses obtained

from this study and that obtained by Ibearugbulem et al.,
(2021) for a square isotropic plate. It can be seen from
Table 2 that the values of the non-dimensional lateral
displacement, w, obtained in this study follow similar
trend with the values obtained by Ibearugbulem et al.,
(2021) as the values decrease with an increase in the span

to thickness, % value.

Table 4.2: Results of non-dimensional displacement and stresses for simply supported isotropic rectangular
square plate under uniformly distributed transverse load

_ 100E,t3w o t? _ oyttt | Ty t? | = _ Txal
W=——7"—"1] 0x=_—% y= 7 | TxyT 5 T"Z_qa
qa qa qa qa
(0.5, 0.5, 0) (0.5,0.5,0.5) | (0.5,0.5,0.5) | (0,0,05) | (0,05,0)
-
Present study (P) 5.0159 0.34042 0.34042 -0.14524 0.26151
Ibearugbulem et al., (2021), (1) | 4.8207 0.3832 0.3832 -0.1635 0.1976
% Diff. b/w P and | 3.89 12.57 12.57 12.57 24.44
% =10
Present study (P) 3.9004 0.34048 0.34048 -0.14526 0.26154
Ibearugbulem et al., (2021), (I) | 4.4039 0.3944 0.3944 -0.1683 0.2425
% Diff. b/w P and | 12.91 15.86 15.86 15.88 7.27
% =100
Present study (P) 3.6900 0.34049 0.34049 -0.14527 0.26155
Ibearugbulem et al., (2021), (1) | 4.3032 0.3971 0.3971 -0.1694 0.2533
% Diff. b/w P and | 16.62 16.65 16.65 16.63 3.14
2~ 1000

Present study (P) 3.6879 0.34049 0.34049 -0.14527 0.26155
Ibearugbulem et al., (2021), (1) | 4.3021 0.3971 0.3971 -0.1694 0.2534
% Diff. b/w P and | 16.65 16.65 16.65 16.63 3.10

The variation in the values of the non-
dimensional lateral displacement, W obtained in this
present study and that obtained by Ibearugbulem et al.,
(2021) has a maximum percentage difference of 16.65%
and a minimum value of percentage difference of 3.89%

at span to thickness, % values of 1000 and 4 respectively.

This shows that as span to thickness, %values

get smaller, the results obtained by the Alternative Il
refined plate theory approaches the value obtained using
a third order shear deformation theory by Ibearugbulem
et al., (2021). For the non-dimensional parameters of the
in-plane normal stresses, 6, and o, , the maximum
percentage difference is obtained as 16.65% at a span to
thickness, % value of 100 and above while the least
percentage difference is obtained as 12.57% at a span to
thickness, % value of 4. The variation in the values of the
non-dimensional parameters of the in-plane shear stress,
T,y follows the same trend as that of the in-plane normal
stresses. It has a maximum percentage difference of
16.63% at a span to thickness, %value of 100 and above

while the least percentage difference is obtained as
12.57% at a span to thickness, % value of 4. For the

transverse shear stress, 7, the variation has a maximum
percentage difference of 24.44% at a span to thickness, %
value of 4 while the least percentage difference is
obtained as 3.10% at a span to thickness, % value of 1000.

This indicates that the values of the transverse shear
stress, Ty, obtained using the Alternative Il theory varies
more significantly with those obtained using third order
shear deformation theory for thick plates than in thin
plates.

4.0 CONCLUSION

From the results obtained from this study, it can
be concluded that refined plate theories overestimate the
lateral displacements in thick plates. Hence, three-
dimensional analysis is recommended. Also, it is seen
from the comparison done with the works of previous
authors that the Alternative Il plate theory produced
reasonably results, hence can be used in thick plate
analysis.
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