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ABSTRACT. In this paper, the dynamic response of two identical parallel non-
mindlin (i.e., not taking into account the effect of shear deformation and ro-
tatory inertia) plates which are elastically connected and subjected to a con-
stant moving load is considered. The fourth order coupled partial differential
governing equations is formulated and solved, using an approximate analytical
method by assuming; firstly, a series solution later on treating the resulting cou-
pled second order ordinary differential equations with an asymptotic method of
Struble. The differential transform method, being a semi-analytical technique,
is applied to the reduced coupled second order ordinary differential equations,
to get a non-oscillatory series solution. An after treatment technique, com-
prising of the Laplace transform and Pade approximation techniques, is finally
used via MAPLE ODE solver to make the series solution oscillatory. The
dynamic deflections of the upper and lower plates are presented in analytical
closed forms. The effect of the moving speed of the load and the elasticity
of the elastic layer on the dynamic responses of the double plate systems is
graphically shown and studied in details. The graphs of the plate’s deflections
for different speed parameters were plotted. It is however observed that the
transverse deflections of each of the plates increase with an increase in different
values of velocities for the moving load for a fixed time ¢.
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1. INTRODUCTION AND PRELIMINARIES

Plates are solid structural elements having the geometry of two dimensions,
whose thickness is very small compared to its planar dimensions. Also, the ef-
fects of load on the plates generate stresses normal to the thickness of the plate. In
practical terms, the vibration analysis of plates have been explored and still being
studied by many researchers in the field of applied mathematics and engineering,
where, different constitutive governing equations with different end conditions
were formulated. In several literature previously written, single beam or double
beam systems, [4, &, 12, 17, 21, 24] under moving loads acted upon by moving
forces have been studied. But much work have not been carried out on double
or multiplate systems, due to the problems encountered while trying to solve the
coupled fourth order partial differential equations governing the systems. Fryba,
[9] in his excellent monograph discussed the vibration of solids and structures un-
der moving loads. Furthermore, Gbadeyan and Oni [12] considered the dynamic
behavior of beams and rectangular plates under moving loads where it was shown
that the response amplitude of the moving force is greater than that of the moving
mass. Abu-Hilal [2], investigated the response of a double Euler—Bernoulli beams,
due to a moving loads. Moreover, literatures of [5, 8, 10, 14, 15, 16, 19, 20, 22, 24]
are work done on the theory and analysis of vibrations that are still producing
positive development in the field of engineering. However, double-plate systems
are very much applicable in engineering which includes, decking systems for rail-
ways viaducts and bridges, tunnels, anti slides and avalanche guards, industrial
flooring systems, commercial flooring with high loading capacities, construction
of trolleys and girders, and so many other applications. Also, its advantages in-
clude, provision of convenient transport, heavy loading capacity, great stability
and long fatigue life, and so on. Having gone through the work of Gbadeyan
and Hammed [11], where the influence of a moving mass of the dynamic behavior
of a visco-elastically connected prismatic double Raighley beam system having
arbitrary end support, in addition with the work of [3, 12, 13, 17, 18, 23], this
paper considered, the problem of the effect of the influence of the mass of the
moving load of constant magnitude and velocity of the dynamic behavior of the
finite double elastically connected non-mindlin’s plate with simply supported end
conditions. The considered system is governed by a pair of fourth order par-
tial differential equations, which is reduced to a pair of second order ordinary
differential equations by using a pair of assumed series solutions. The reduced
second order differential equation is further simplified, employing the approxi-
mate analytical method of Struble, which is commonly used to solve a weakly
non-linear oscillatory system. The differential transform method (DTM) [1], is
applied to obtain the solutions of the reduced coupled ordinary differential equa-
tions. Hence, a technique referred to as an after treatment (AT) [0, 7], comprising
of the Laplace transform and Pade approximation is applied to the differential
transform series solution, enlarging the convergence domain of the series solution
by truncating it, thereby making the solution oscillatory. The simply supported
end condition is considered as an example. The rest of the paper is organized
into different sections which includes. Section 2 involves the mathematical model
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formulation with the corresponding boundary and initial conditions and defin-
ing the parameters involved in the systems. Section 3 involves the discussion
of the method of solution . Section 4 presents the simplification of the coupled
second order differential equations. Section 5 involves the solution of the two
elastically connected double non-mindlin plate using DTM. Section 6, the simply
supported condition is considered as an example. In section 7, AT technique
is employed to obtain the solutions of upper plate Wi(z,y;t) and lower plate
Wa(x,y;t) generated with computational software MAPLE ODE solver and nu-
merical computations, is performed, and graphs were presented analytically and
conclusively.

2. MATHEMATICAL MODEL FORMULATION

A double plate system modeled as a two finite parallel upper and lower non-
mindlin plates inter-connected by an elastic core is considered. Figure 1, shows
that the upper plate is subjected to a load Pj(x,y;t) having a mass M,

FI1GURE 1. Diagram of the interconnected plate system

Moving load

 Upper plate

Spring

«— Lower plate

O'Wi(z,y;t)  O'Wh(z,y;t)  O*Wi(z,y;t) O*Wi(z,y; t)
D ) oWz, yit)
[ Ozt * 0x20y>? * oy } TH { ot? } (2.1)
+ K [Wa(z,y;t) — Wilz, y; t)] = Pr(z, y;t)

Wiz, y;t)  OWi(z,y;t) Wiz, y;t) Wi (z,y;t)
D 2 gAY
[ ot T ooy ot } T { BIE 1 (2.2)
+ K\ [Walz, y; t) — Wiz, y;t)] = 0.
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The simply supported boundary conditions subjected to the pairs of fourth order
coupled partial differential equations in (2.1) and (2.2) are:
Wl(lx, Y, t) = Wg(l’, ly, t) =0
Wi(0,y:t) = Wa(0,y;t) = 0

PWi(0,y;t)  PWilz,y;t) 0 (2.3)
02 N 02 N

PWi(0,y;t)  PWi(z,y;t) 0
y? B Ox? -

While the corresponding initial conditions are:

Wiz, y;t)]i=0 = 0= Wl(ﬂf, Y3 t)]i=o (2.4)
WQ(xay;t>’t:0 =0= Wz(% Y; t)‘t:o- '

Several parameters involved in the governing equations presented in (2.1)—(2.2)
are defined as follows:
The concentrated moving load Py (z,y;t) is

PWy(z,y; t
Pi(x,y;t) = {Mzg — M, {%
(2.5)
PWalz, y;t) | ,0PWi(z,y;t)
+2V; 0y + Vi BYE ] } 5z —vt)(y — )

The Dirac delta function, being an even function expressed as a Fourier cosine
series, is defined as:

1 2¢ t 1 2 o
d(z—ut) = _+Z_ Z cos 0% o5 T and y—s) = ——I—l— Z cos 202 cos mwy’
T p=1 Y m=1

ZCC lx lm ly ly ly
where
4 S — t t
(x—vt)d(y —s) =— Z Z cos T cos T8 g VT g T
loly = = ly ly Iy Ly
2 nmut nmwx 2 — m mmy 1
—i-@z:: oS L L +lxlyz:1008 I, cos I, +@7
(2.6)
where
0, x # 0,
) =
(z) { 00, z = 0.
Eh

D is the flexural rigidity of the plate given as D = 39)’ and M; is the mass of

12(1—

the load P (x,y;t) moving with a constant velocity V,( also F is Young’s modulus,
0 is Poisson’s ratio ( € < 1), z and y are the position coordinate in x and y
direction, K is the stiffness constant, p is the constant mass per unit length of
the plates, € is the fixed length of the plates, and ¢ is the time. Wi(z,y;t) is
the traversed displacement of the upper plate and Ws(x, y;t) is also the traversed

displacement of the lower plate. Also, from (2.5), ¢ is the acceleration due to
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gravity, V2 W/ (x,y;t) represents the centrifugal acceleration, 2VW/(z,y;t) is
the Coriolis acceleration, while W (z, y;t) represents the local acceleration.

3. METHOD OF SOLUTION

To solve the transverse dynamic responses Wi(x,y;t) and Wa(x,y;t), (2.1)-
(2.2) are transformed into a set of two ordinary differential equations. The method
of solution of employed in this paper, involves assuming the series of the form:

1(z,y;t Zz¢mn mnt ()V<y>
ntml (3.1)

W, i) = 525 B (03 )Vin (Vi)

n=1 m=1

where

M Zz¢mnmntvw( Waly),

m=1 n=1
M =SS Gl Vi (V)
m=1 n=1
anajy, i 2
T o0 ,;;qﬁmnmnt‘/()vn(y)’
8W2$ya _
T T;;ﬁmnmnt m(2)Va(y),
@W% qubmnmnt m(@)Valy),
PWL D) 5™ 3 i s V@V ).
m=1 n=1
O Wa(z, y;t) _ N\ : ! "
020y mZ:l ;Bm,n(m’ i)V (@)V2 (v),
M ZZﬁmnmnt m(@)V" (9),
m=1 n=1
anle;
Mzzngmk,l,t @)V (y).
k=1 i=1

Substituting (3.2) into (2.1) yields
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ZZ¢ n(m,ns )V ( +2zz¢mnmntvl’( W (y)

m=1n=1 m=1 n=1
+ 3 Y G (m, n; Vo (2) Vi (y +uzz¢mn m,n; )V (2)V,) (y)
m=1n=1 m=1 n=1
+ K1 (DY bman(m i V(@) Vay) = DY Bnn(mn; )V (2) Vo (v)
m=1 n=1 m=1 n=1
= Mg — M, [Z > Gk, LOV(@)Vily) + 2V > Y ik, L) V() Vily)
k=1 I=1 k=1 I=1

VYD sl L OV @V )| 6 — 00— 5)

k=1 =1

(3.3)

We assume that the load function P;(z,y;t) can also be expressed as

Py(z,y;t) Zz¢mnmnt (1) Vi (1), (3.4)

n=1 m=1

where, ¢n(m,n;t), Bmn(m,n;t), and ¢, ,(m,n;t) are unknown functions of
time ¢ and V,,,(x), V,,(y) are the known deflection curves of a vibrating plate. For
the free vibration of a rectangular plate, we have, for the homogeneous part of
the governing equation in terms of the assumed solution,

D [Vo! (2)Valy) + 2V (2)V,/ () + Vin () V" ()] = sy, Vin () Va(y) = 0, (3.5)
where the frequency w? . for a simply supported plate is

9 mird m?n’n?  nirt

e +2 T2 T | (3.6)
z zy Yy

Also, the Kth mode of vibration of a uniform plate in z-direction is given as
A Ak Ak A
Vi.(z) = sin lk( x) + Ay cos l_( x) + By sinh l_< x) + Cy cosh l—k(x)

While the corresponding Lth mode of vibration of a uniform plate in  and also
y direction are

Vi(z) = SIHA—( ) + Ay cos )\—( ) + B sinh ﬁ(y) + C), cosh ﬁ(y)
ly ly ly ly
Ay Ay LAy Ay
Vi(y) = sin l_( y) + Ay cos l_( y) + By sinh l—(y) + O cosh l—(y), (3.7)
Y Y y y

where the constants Ay, By, Ck, and A\ in (3.7) are determined by the simply
supported boundary conditions.



46 J.A. GBADEYAN, O.M. OGUNMILORO AND S.E. FADUGBA

After rearrangement, simplification and modification, (2.1) reduces to

. K
G (M, 15 1) + W2, (10,705 ) b (M, M3 1)+ — Gy (1, 15 8)
’ 1

K oo oo
+ iﬁm,n(m, nit)+ > Y g (a,bst) + Vs (a,bt) + Vis(a,bit)]  (3.8)
k=1 I=1

MV tVi, S
; .
Following the same procedure for the lower plate Wy (z, y;t), (2.2) becomes

) K K
B (1, )+ w2, (10, 1058) By (1, 13 ) + == B (1, 13 1) — — By (M, 13 ) = 0,
’ 1t 1t

(3.9)
where
e nmot mms
q/ (a,b;t) =4e ; ; Gri(m,n;t) cos T cos TAq(R, S)A(U,V)
> . t
+2¢ Y dralm,nt) cos A (R, S)V(U, V)
k=1 * (3.10)
+2¢ Y dra(m, s t) cos mlm AU VIV (], K)
m=1 z
mms -
+ cos AU, VIV, K) + i, A (J, K)V1 (U, V),
N N N . nmot mms
¢ (a,b;t) =8¢ ; lz; Gri(m,n;t) cos T cos TAQC(J, K)A(U,V)
- t
+ 4e Z bk (m, n;t) cos oy Noo(J, K)V (U, V)
P . (3.11)
+ 4e Z Gk (m, n;t) cos mms AU, VIVa(J, K)
m=1 Y
mms
-+ cos At(U, V)Vl(J, K) +€§Z§k71A1<J, K)Vl(U, V),

T

nmvut mms
CcoS
I, Ly

qs(a, by t) =4e Z Z Gri(m,n;t) cos

k=1 =1

+ 2¢ Z Gri(m,n;t) cos

k=1

+ 2¢ Z ¢ri(m,n;t) cos

m=1

A3C(J7 K)Ak(U7 V)

nmvut

A?)c(‘]> K)Vl(U> V)

T

mms

AU, VIV5(J, K) + €A (J) V1 (P).

(3.12)
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The following are defined as

/ DTy @)V (2)d,

(y)Vu(y)dy,

Vk Z,

Iy

Aoo(J, K) = / V(@) V(@) da,
0
lz

/V i
0

Iz
Aso(J, K) = / TV (@) Vi (2)da,

and

(3.13)

Equations (3.8)—(3.13) are the coupled transformed second order ordinary dif-
ferential equations governing the behavior of a double non-mindlin plate system
interconnected by an elastic core traversed by a moving load. To be able to sim-
plify further, by (3.8) and (3.9), we assume, for the time being, that the plate is
disconnected. That is, we set the connecting elastic core term to zero, to become;

[;1 (G (10,725 1) = B (M, 03 1)] = 0. (3.14)

So that the resulting equations for the upper and lower plates are such that
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émvn (TTI,, n; t) + wrzn,n (TTL, n; t)(bm,n (m> n; t)

Fa DD lai (e bit) + V(o bi) + V(o i) = =
k=1 I=1
(3.15)
and
B (m,nst) + wfn’n(m, n;t) B (m, n;t) =0, (3.16)
respectively.

4. SIMPLIFICATION OF THE COUPLED SECOND ORDER DIFFERENTIAL
EQUATIONS

We have been able to reduce the coupled fourth order partial differential equa-
tion to a second order differential equations, using an assumed series solution
method. However, it is still observed that while the reduced lower plate equation
can be solved analytically, the upper plate has no exact analytical solution, and to
this effect, an approximate analytical method, which is the modified asymptotic
technique developed by Struble was employed. We set

A= 1361 <1, (4.1)
and it can also be shown that
€1 = A+ 0(\?) (4.2)
and
HG;M =14+ ARt =1 - ARt + (V)2 (4.3)

Substituting (4.3) into the homogeneous part of (3.15), we obtain
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émm(m, n;t) + €1 Rat(1 — )\Rat)g'b'm,n(m, n;t)
+ (Wi + €1Ret) (1 = ARgt) g (m, ms t)

nmut mms
A1 = AR,t)
Z Z 4 cos cos —— L —A,(R,S)V(U, V)
k=1k#m l=1l#n

+2 Zcos (R, 8)V(U,V)

t
+2 Z cos ”71”’ AU VIV (J, K)

m=1 z

+ 3" AW KLU V) ik, 1 )
k=1

nmut mm
+8V Z Zcos cos = "5 Moo (J, K)V (U, V)

m=1n=1

+4V Z cos = Agc J, K)V,(U,V)

+ 4VZCOS

+ QVAQ(J K)Vl(U V)gziﬁkvl(k, I;1)

At U, V)Vay(J, K)

) mms
+4V ZZ cos = COSTAgc(J,K)vk(P)

n=1 m=1

/
+2v? Z cos mlw Aso(J, K)V1(U, V)

xT

+ 22 Z cos mlwt cos @Agc(U, VIVa(J, K)

Y ly

+ Vi(P)A () (k. 1 t) = 0.

(4.4)
Setting A = 0 in (4.4), we obtain a case corresponding to that when the mass
ratio effect of the plates is regarded negligible. In this case we have

Q.zém,n(ma n; t) + ElRatqgm,n(ma n; t)

. 4.5
+ wf,w(m, n;t) B (m, n;t) + [e1 Ret]dmn(m, n;t) =0, (4:5)

whose solution is of the form
ém,n(ma n; t) = DO [wm,nt - am,n]a (46)

where Dy, W), and o,y in (4.6) are all constants. Since A = 1, for any
arbitrary mass ratio €;, Struble’s method requires that the asymptotic solution



50 J.A. GBADEYAN, O.M. OGUNMILORO AND S.E. FADUGBA

of the (4.4) is of the form

Gmn(t) = 0(m,n;t) cos(wmnt — Qma] + Z N ¢, (m,n;t) + 0(AY), (4.7)

n=1

where N is any positive number less than infinity and 6(m,n;t) and a(m,n;t)
are slowly varying time functions, which implies that,

0(m,n;t) — 0(N),

O(m,n; t) — 0(\2), (4.8)
a(m,n;t) = 0(X),
a(m,n;t) — 0(\?).
Substituting, without loss of generality, N = 1, it becomes
G (t) = 0(m, n;t) COS[Wmnt — Q] + AP1(m, n5t) + 0(A?). (4.9)
Hence
G (t) = O(m, n;t) cos[Wmnt — Q] + Ap1(m, n;t) + 0(A?) (4.10)
such that
G (t) =0(m, 15 1) COS[Wpnnt — ]
— B(m, n;t) sinwpmnt — Qmn] + A1 (m,n;t) (4.11)
+0(A*) s (m, n; t)
and
Gmn(t) =[0(m, n;t) — o (110,15 1) + 20w 0(m, s 1) (s t)

— Wi (t) — afn,n(m, n;t)] cos|wmnt — Qmn] — memé(m, n;t)a(m,n;t)
— 20(m, n; t)é(m, n;t) — O(m, n; t)a(m, n;t)] sinwpnt — Q)
+0(A) g1 (m, ns t).
(4.12)
The variational equations are obtained, by equating the coefficients of sin [w,, ,,t —
Qmn(m,n;t)] and cos [Wpnt — Qmn(m, n;t)] terms on both sides of the (4.12) to

zero. Neglecting those terms that do not contribute to the variational equations,
we obtain

—meyné(m, n;t) sinfwp, nt — Q)
+ 2w n0(m, m; t)a(m, n; t) cos[wm nt — Qumn)
—2A\Vwp n0(m, n; t) Ao (J, K)V1 (U, V) sin[wy,nt — Q)
- )\wgwAl(J, K)V1(U,V)0(m,n;t) cos[wmnt — Qmn)
— AV2 Ao (J, K)V (U, V)0(m, n; t) cos|wmnt — Qmn(m,n;t)]

Y

13)

I
AO

where the variational equations are

— W — 22V W n0(m, m; 1) Ay (J, K)V1 (U, V) = 0 (4.14)
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and

2Wm.nf(m, n;t) — AWy Ao (J, K)V1 (U, V)0(m, n;t)

, (4.15)
+ AV=2Ao (S, K)V (U, V)8(m,n;t) =0
solving (4.14) and (4.15), we obtain
0(m,n;t) = =\0(m,n;t) Ny (J, K)V(U, V), (4.16)
That is,
db it
(mT’”’) = Ao (J, KV, (U, V)0, (4.17)
which implies that,
O(m,n;t) = e NV ALEVIUY) A%t (4.18)
where
' = A\VA(J, K)V(U,V) (4.19)
and A is constant.
Equation (4.18) implies that,
da(m,n;t)
dt
= /\wm’n9;m,n; 2 A (S, K)V1(U, V) — %QQ(m,n)Ag(J, K)V.(U, V)] t+ dmon,
(4.20)

where ¢ is constant. The first approximation to the homogeneous system is from

(4.6)

Gmn(m,n;t) = Do cos[wy nt — amn(m, n;t)]. (4.21)
That is,
Gmn(m,n;t) = APt coS[0mnt — Ymn(m,n;t)], (4.22)
where
S = |1 2000 K)VA(U. V) — Y Ay, )T (U V)] (4.23)
mn 5 ; : z ) ;

Equation (4.23) is the desired modified frequency corresponding to the frequency
of free system involving moving mass effect. Hence, according to Struble’s tech-
nique, (3.15) is reduced to

ém,n(m, n;t) + 5,2n7n¢m7n(m, n;t) = Prr Vi (vt)V,(s), (4.24)
where Prr = ge1l,l, (1 — e1R4(1)).

5. SOLUTION OF TWO ELASTICALLY CONNECTED DOUBLE NON-MINDLIN
PLATES

At this juncture, the connecting elastic core is restored and the reduced pair
of coupled second order differential equation for the non-mindlin plates

. K K
’ 1 u

= PRTVm(’Ut)Vn(S)

(5.1)
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and

G, 158) + 52 oo (1,13 [%asm,n(m,n;t)—%ﬂm,n<m,n;t> _0 (52)

in terms of the modified frequencies 4y, ,, and w7, , are considered, respectively.
A semi analytical method known as DTM is now employed. To this end, we will
state briefly, the basic theory of method as follows. The transform of the mth

derivative of a function W (t) is given as

W) = o | T

and the corresponding inverse transformation is defined as

o0

W(t) = 3 (¢ to) W(im)

m=1
Hence, the above equations will yield

Lt —tg [dmczg(t)}

W) = m!

TABLE 1. Basic properties of DTM for equations of motion

Original Function Transformed Function
w(t) = cru(t) £ cou(t) W(k) = cU(k) £V (k)
w(t) = dl;it) W(k)=(k+1)U(k+1)
w(t) = d”(zgt) W(k)=Fk+1)(k+2)---(k+n)U(k+n)
k
w(t) = u(t)v(t) W(k)=>» Un)V(k—n)
w(t) = u(u) | W) = 33 UmVEVE-n 1)
w(t) = ™ Wi(k) = 8(k —m) =4
k=m and k #m
w(t) = sinat Wi(k) = %ak sin <k§>
w(t) = cosat Wi(k) = %ak oS <k§>
w(t) = sinh at W(k) = QL]{' [d* — (—(a)")]
w(t) = cosh at W(k) = % [a* + (—(a)")]
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It is well known that in application the series in (5.4) is finite and usually
written as

W(t) =3 (t — to)" W(m), (5.6)
such that the series
p+1
W(t) =) (t—to) (5.7)

is considered unimportantly small. Furthermore, it can be readily shown that the
relationships in Table 1 between the original function W (t) and the transformed
function W (m), for ¢, = 0, hold. Applying the DTM on (5.1) and (5.2), gives

L Cn (MY SR A%
2k! L L
K K
- _1¢m,n(m> n; t) + _1B’m,n(m7 n; t)
M H
(5.8)
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Subjecting (5.8) and (5.9) to the transformed form of the initial conditions earlier
stated in (2.4), our assumed solutions earlier stated in (3.2) will become

o) =303 T (4,4 o= )

p=1 ¢=1

5
X {sin Am + A,, cos )\;nx + B,, sinh )\;nx + C,, cosh Amﬂ

l.l‘ x T l$

X {Sin 2n + Ay, cos Anl + B, sinh Any + C, cosh M} ,
ly ln ly ly

(5.10)

. PrrVa(s) [1 K K
Wiz, ;) :ZZ O;T——(Sg) L‘ L (Am + Ch) (ozfn — 572,”171)} 4
+ —— [a(l+ By) (a2, — 62,,,)] (a1 + By Vys)t®
+ B,, sinh + C,, cosh

AT AT , AT AmT
a cos . " . ', COS .
v —l—aninh¥+C’ncoshM .

ly
(5.11)
Therefore, (5.10) and (5.11) represent the transverse displacement of the non-

A A
X {sinliy—l—Ancos -

Y n Y

mindlin’s plates interconnected by an elastic layer and traversed by a moving
mass and having arbitrary end supports.

6. SIMPLY-SUPPORTED BOUNDARY CONDITION AS ILLUSTRATIVE EXAMPLE

The considered system is made up of two plates interconnected by an elastic
core. The eigen functions or normal modes are:

Vin(0) = 0 = Vin (1),

6.1
VA0 = 0= VL), o
as well as,
Vo(0) =0=V,(l,),
//( ) 4 ) (62)
V,(0) =0=V(l)
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Using the boundary conditions earlier stated in (2.4), we obtain

Ay =B, =Cy=A =B, =C(,

and

sin \,,, = 0 =sin A, 64
sin \, = 0 = sin A\, (6:4)
so that, \,, = mm and \, = n7w, where (m,n=1,2,...), \p = km, \; = .
Following the same procedure from the generalized equation, the resulting varia-
tional equation on applying Struble’s technique gives

— 2w A(m, my t) sin[wyy t — Qo (M, 15 8)] + 2w 0 A(M, 15 8)

2 M5 Ly w2
l, 4 |

CoS[Wmnt — Qi n(m, n;t)] — A [lxly sin

vimir? nrs
A it mnt_ m,n ) 7t —A— lxl in? —— it
(m, m; t) cos[wm, Qo (M, M5 )] B [ y Sin L + 1 ] (6.5)
A(m,n;t) cos[wmnt — amn(m, n;t)]
On further simplification,
WinnA(m,n;t) =0 (6.6)

and

e 9 . onms 1 v*mPr? [ ,nms 1 B
—2wm7nA(m, n; t)am,n_Alxlywm,n {Sln T -+ Z + W S1n T —+ Z_L =0.
(6.7)

Therefore the modified frequency corresponding to the frequency of system, due
to the presence of moving mass, will be

Noly (. onms 1 o*m?r? ([ ,nms 1
(bm,n = Wm,n |:1 - T <Sln — + Z + 22 Sin T + Z =0, (68)

ly xm,n

and the reduced pair of second order coupled differential equations is

¢m,n(m7 n; t) + ¢3n,n¢m,n(m7 n, t) + [%¢m,n(ma n, t) - %6m,n(m7 n, t):|

eilzly . mmutnms
= sin
1+ €1Rat lx ly

(6.9)

and

Bmn(m,n;t) + sz nOmn(m,n;t) + [ 1¢m7n(m’ n;t) — - 15m7n(m’ n; t)] =0.
’ 7 7
(6.10)
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Applying DTM on (6.6) and (6.9) above gives a resulting recurrence series relation

as
1 nms (1 (n7ws k o [ km
Gmn(k +2) :(k TG+ e1lulyg smT (E (T)) sin (7)
K K
- 2 mnk__lmnk__lmnk:|
Vrn O (k) AL(zﬁ,() Mﬁ,()
. (6.11)
an
1
Bm,n(k+2> -
(k+ 1) (k+2) (6.12)

K K
{wm,nﬁ,m () + ()

7. CONCLUDING REMARKS

The numerical results for the dynamic response of Wi (z,y;t) and Wa(x,y;t)
were generated and presented in plotted curves with the aid of mathematical
software (MAPLE V). The following values were used in the computation: [, =
0.457, 1, = 0.914, D = 5751, pn = 0.075, M; = 2, x = 0.2285, y = 0.457, K = 10,
g=10,5=04,7=2,t=05,¢ =05 h=0.12.

Figure 2 shows the deflection profile of a finite simply supported non-mindlins
plate, due to moving loads, where the amplitude of the plates increases as the
speed increases at different times ¢ by varying K (layer stiffness) (i.e., K = 40,
K =400, K = 4000).

FIGURE 2.
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FI1GURE 3. deflection profile of a finite simply supported plate. The
amplitude increases with time ¢t at v =5
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FIGURE 4. deflection profile of a finite simply supported plate. The
amplitude increases with time ¢t at v =7
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F1GURE 5. Deflection profile of a finite simply supported plate.
The amplitude increases with time ¢t at v =6
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