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Abstract

This work investigates the behavior under Moving distributed masses of orthotropic rectangular
plates resting on bi-parametric elastic foundation. The governing equation is a fourth order
partial differential equation with variable and singular co-efficients. The solutions to the problem
are obtained by transforming the fourth order partial differential equation for the problem to
a set of coupled second order ordinary differential equations using the technique of Shadnam
et al[l]. This is then simplified using modified asymptotic method of Struble. The closed form
solution is analyzed, resonance conditions are obtained and the results are presented in plotted
curves for both cases of moving distributed mass and moving distributed force.
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1 Introduction

A plate is a flat structural element for which the thickness is small compared with the surface
dimensions or a plate is a structural element which is thin and flat. By ”thin”, it means that
the plate’s transverse dimension, or thickness, is small in comparison with the length and width
dimensions. That is, the plate thickness is small compared to the other dimensions. A mathematical

expression of this idea is: T

h
— 1 1.1
I < (1.1)

where 'T}, represents the plate’s thickness, and "L’ represents the length or width dimension. The
thickness of a plate is usually constant but may be variable and is measured normal to the middle
surface of the plate.

Fig. 1. Orthotropic rectangular plate

Plates subjected to in-plane loading can be solved mostly by using two-dimensional plane stress
theory. On the other hand,plate theory is concerned mainly with lateral loading. There are whole
lot of differences between plane stress and plate theory. One of the differences is that in the plate
theory,the stress components are allowed to vary through the thickness of the plate,so that there
would exist bending moments. The vast majority of the world’s bridges with record long spans have
utilized orthotropic steel deck systems as their superstructures.These types of decks have been used
extensively. Approximately 6,000 orthotropic steel deck bridges exist in a world of about six million
bridges. With the growing trend quicker construction practices with an overall longer bridge life.
The other leading benefits of this bridge decking system are the minimization of dead load in the
design and the rapid construction that will lessen the impact on traffic.

Tracing the plate theory to its roots, one travels back to the American revolution time. During
this revolutionary period, several scientists and engineers performed numerous researches on plates.
Euler [2] performed a free vibration analysis of plate problems and indicated the first impetus to a
mathematical statement of plate problems. Chladni [3], a German physicist, performed experiments
on horizontal plates to quantify their vibratory modes. He spattered sand on the plates, struck
them with a hammer, and observed there were regular patterns formed along the nodal lines. In
the works of these great scientists, the flexural rigidity was considered to be constant, D. Bernoulli
[4] then attempted to theoretically justify the experimental results of Chladni using the previously
developed Euler-Bernoulli bending beam theory, but his results were unable to capture the full
dynamics. Malhotra [5] employed the Rayleigh-Ritz method to study vibration of orthotropic square
thin plates with parabolic vibration thickness along one direction. They presented results for four
types of boundary conditions. Ashour [6] examined the flexural vibration of orthotropic plates of
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linearly varying thickness in one direction using the finite strip transition matrix technique. Bert
and Malik [7] studied the free vibration of isotropic and orthotropic rectangular plates of linearly
varying thickness in one direction by the differential quadrature method. Maljaars J Dooren Van
F. and Kolstein M.H [8] examined the fatigue cracks in orthotropic bridge decks. That is to say,
they all treated plates as homogeneous and isotropic materials, that their material properties remain
unchanged in all directions but in reality plates are orthotropic. The same structural effects are also
true of the concrete slab in a composite girder bridge, but the steel orthotropic deck is considerably
lighter, and therefore allows longer span bridges to be more efficiently designed.

The vibration analysis of plates resting on elastic foundation has been the subject of many researches.
Awodola [9] studied the effect of plate parameters on the vibrations under moving masses of
elastically supported plate resting on bi-parametric foundation with stiffness variation. Szekrenyes
[10] investigated the interface fracture in orthotropic composite plates using second order shear
deformation theory. Kadari [11] analyzed buckling in orthotropic nanoscale plates resting on elastic
foundations. Hu and Yao [12] studied the vibration solutions of rectangular orthotropic plates by
symplectic geometry method. In the same vien, Alshaya, Hunt and Rowlands [13] investigated
stresses and strains in thick perforated orthotropic plates. Gbadeyan and Dada [14] found the
natural frequency of rectangular plates traversed by moving concentrated masses. Barlie [15] carried
out the thermo-mechanical morphological study of CFRP in different environmental conditions.
Guo [16, 17] examined the fatigue lif of reinforced concrete beams strengthened with CFRP under
beading load.Hosseini [18] investigated the roadway metallic bridge using non-prestressed bonded
and prestressed unbonded CFRP plate. In the same view, Ju [19] and Li [20] examined the fatigue
life of reinforced and non-prestressed bridge desk under variable amplitude load and different
adhesives. Liang [21] studied the reliability analysis of bond behavior of CFRP concrete under
wet-dry cycles. Xin Yuan [22] also investigated the fatigue performance and life prediction of
CFRP plate. Many researchers had solved orthotropic plate problems by numerical techniques due
to its cumbersomeness, this work aims at solving the governing equation by approximate analytical
techniques and also considers the effect of flexural rigidities in both x and y directions.

2 Governing Equation

The dynamic transverse displacement W (z,y,t) of orthotropic rectangular plates when it is resting
on a bi-parametric elastic foundation and traversed by distributed mass M, moving with constant
velocity ¢, along a straight line parallel to the x-axis issuing from point y=s on the y-axis with
flexural rigidities D, and D, is governed by the fourth order partial differential equation given as

D 874W(.’E Y, t) +2B874W(m y,t) + D a—4W(z y, 1) —|—/L8—2W(x y,t) — phR
ma$4 IRR] a$28y2 y I y6y4 PR 8752 IR 0
o4 94 9? 8?2
[WW(J%% t) + WW(%% t)| + KoW(z,y,t) — Go @W(% y,t) + aT/QW(I,% t)]
i 8 5 5 07
- ; |:M7‘gH(x - Ct)H(y - ‘9) - MT (atQW(xvya t) + 26me(x7ya t) + C'r‘ﬁw(mvzﬁ t))

H(z — ¢, t)H(y — s)W(z,y, t):| =0
(2.1)
where D, and D, are the flexural rigidities of the plate along x and y axes respectively.

B, By 5 D.p, + Goh
12(1 — vevy) 6

D. =
* 12(1 — very)’
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E, and E, are the Young’s moduli along x and y axes respectively, G, is the rigidity modulus, v,
and v, are Poisson’s ratios for the material such that E,v, = Eyv, , p is the mass density per unit
volume of the plate, h is the plate thickness, t is the time, x and y are the spatial coordinates in
x and y directions respectively, R, is the rotatory inertia correction factor, K, is the foundation
constant and g is the acceleration due to gravity, H(.) is the Heaviside function.

Rewriting equation (2.1), one obtains

2 4

ot 0
WW(%Z/J) + WW(%Z/J)] - 2B

ﬂﬁw(xvya t) + ,uwiW(x, y7t) = phRo
4 84 84 9
a o0 o - Dzi s Y ) - K s Y n IR
axzayQW(w,y,t) 8x4W(Jc y,t) — yay4W(az LY, t) oW (z,y,t) + pw, W(z,y,t)
2 52 N 02
+ Go Oz Wiz, yt)+ aTJQW(%y,t) +,.z::1 M,gH(z — ¢ t)H(y — s) — P W(z,y,t)
+ 2CL2W(Q; t) +028—2W(x ) | H(z — crt)H(y — s)W (2, y,t)
aflfat ayv T8x2 7ya T y 7y7
(2.2)
which can be expressed further as
o? 2 o o 2B o
@W(xayvt) +wnW(:E,y,t) - RO Ww(xayvt) + Ww(xayvt) L azgay
D, 9* D, o* . Ko Go | 62
W(m,y,t) - [ @W(x,y,t) - T@W(%yﬂf) + |wn — 7 W(w,y,t) + 7 ox2
, N T A ) 52 (2.3)
rguH(x — crt
W(ant) + gz Wleann)| + 3 | =20 -0 - <8t2 (2,9,1) + 2¢
8—28—2W(1¢ y, 1) +c2a—2W(x y,t) | H(x — e t)H(y — s)W(z,y,t)
OxOt dxdt e " 0z2 T 7
where w2 is the natural frequencies, n = 1,2,3,... The initial conditions, without any loss of
generality, is taken as
W,y t) = 0= SW(,y,0) (2.4)

ot

3 Analytical Approximate Solution

In order to solve equation (2.3), one applies technique of Shadnam et al[19] which requires that the
deflection of the plates be in series form as

(@,9,8) = Y Un(z,y)Qn(t) (3.1)

n=1

where U, (z,y) = ¥ni(2)¥r;(y) and

Uni(x) = i cosh L—x

,i(y) = sin

LnJ Y+ An; cos Ln: Yy + Bnj sinh 22 L 22y 4 Cpj cosh L—y (3.2)
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The right hand side of equation (2.3) written in the form of series takes the form

o 2B 9" D, o
ZRO Qatz (SL‘7y,t) + aygatg W(l‘?y?t)] - 78x28y2 W($7y7t) 7WW(':L‘ Y, )
4 2
_Dby o 2 _ Ko @ L o
y4W(x,y,t+ wn = Wi(z,y,t) + 52/ (@9, 1) + ayzW(w,yvt) +

(3.3)

JTae;
N
MyguH(xz — crt) o % 9% 9?2 2872
> [(y s) e V(@Y 1) + 265 2 W,y t) + gy

N

W (z,y, t)) H(x — ct)H(y — s)W(z,y, t)] =Y Pu(z,y)on(t)

n=1

On multiplying both sides of equation (3.3) by ¥, (x,y), integrating on area A of the plate and
considering the orthogonality of ¥,,(z,y), one obtains

o Z/ W(myt)—l—iW(xyt) 2B o = W(z,y,t)—
n( A 28162 e Oy20t2 e uw Ox20y> '

4 2
De O (4, y,t) - D—a—ww yt+ <wn - fff)wu,y,t) + % <8w<w,y,t>

u Ox* Oy* o2
) , (3.4)
0 MrguH(x —ct) M, (0
+8y (z,y,t ) +Z — g (=3 o V(@Y t) + 2
2 02
@W(xz:% )+Crﬁw(x Y, ) H(:r - CTt)H(y - S)W(UC7% t) @m(x,y)dA
and zero when n # m
where
o — / U2 (2, y)dA (3.5)
A

Taking into account equation (2.4) and making use of equations (3.1) and (3.3), equation (3.4) can
be re-written as

P (2, y) [Qn(t) +wnQu(t)

_ Wz/

. 4
2a,)0u0)) — 22 ELED g 0,100 - %%ﬁf’y)@m(m,y)czqm o

0*®,(, s K Go [ 0*P,(x,
Ty, 2,0)Qu(0) + <wn - ;>¢q<x, O R

Qo)+ 2280, (5,4, ) D3 < Mogpbnlm )=o), ) M <¢q(x,y>

D2, 0)00(0) + 20 22500 g (010 1) + 2T (o y)qu) H(x et

H(y—S))

(3.6)
dA
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On further simplification of equation (3.6), one obtains

0°®,(z

G+ i@ =3 Y [ RO(W%WJ)@W T8 g, (2,040

)_gﬁf%@%%ﬂxw%®—

Da 04 (a,y

4
4’ )Qsm(x,y)Qq(t) — &m

)
P (,
uwo 0x20y I ox I oyt (@,y)

2 Ko Go (0*Py(x,y) Dy (,y)
Qq(t) + <wn - M)%(%Z/)@m(l“ay)Qq(t) + m (quyn(m,y)Qq(t) + T

T

o, ) Qu ) Z ( (2,9)H(z — o) H(y — s) — M7 <¢q<x,y>¢m<x,y>éq<t>

L 020, (z

26, PP8ED g 0 )Q 0) + Tw)émm,y)c;q(t)) Hw — ext)H(y - s>> a

which is a set of coupled ordinary differential equations
Using the Fourier series representation, the Heaviside functions take the form

N
1 1 Nsin@n+ (e — et
H(w = cit) = 1+ Sm(”;n):(f ot) gcpeat (3.7)

1 1 sin(2n+ Dy — s)
H(y—s) = ;E:: 2n+1 O<y<1 (3.8)

On putting equations (3.8) and (3.9) into equation (3.7) and simplifying one obtains
_ 2B D

RoToQy(1) = 22 TiQu(0) = 22 12Q4 (1) - %n@q(m
N
(wi - Ifj)mq( )+ 0T - 30

” «cos(27 + 1)7rcrt
T Pl—
r=1 K (( 6+ (Z 2 +1

«sin(2j + 1)mer «cos(2k + L)ms N . sin(2k + 1)7s 1
e T o)mert E; SN e T UTE ) 2
22 +1 )(Z 2k +1 ; Y2k +1 T

Qn (t) + wn Qn(t Z

NgE

1

<.
Il

(
k
«cos(2j + 1)mert «sin(2j + D)mert 1 [ & .cos(2k+ 1)7s
prEOSS) TJTEGT  ND e SRS T )TE ) 2 it e L
5 2j+1 Z 6 2j 41 tir D> B 2k + 1

e

1

«sin(2k + 1)7s = 1 [ = ec08(2j + D)mert o=
E8W>>Qq(t) +26rt<T7 + = (ZEQZJH - ZEIO

j=1 k=1

Mg <

El
Il

1

J
sin(2j + 1)me, . cos(2k + Dms = . sin(2k + 1)ms 1 (.
2j 4+ 1 ><ZE 2k +1 D By 2k + 1 e > By
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cos(2] + Dmert = . sin(2j + 1)wert 1 « cos(2k + 1)
COSLE) T et NT e SIS T )WL) 2 pr, ST TS E;
2+ 1 ; M o541 i ; B ok 41 Z 16
sin(2k + 1)7ws . . cos(2f + Dmert = B sin(2j + 1)mwert
2% + 1 ))Qq(t) <T8+ (ZE 2j +1 ; 2j + 1
2 cos(2k+ D)ms o= ., sin(2k + Dxs 1 (& ., cos(2j + Dmert
By OSSR TS NP g SUNEN T TS ) 2 py, SO8E) T o)ment
)(Z Y| D B 2k + 1 tir Z S YR (3.9)
k=1 k=1 j=1
. sin 2] —|— Vet 1 [, cos(2k+1)ms = . sin(2k + 1)7s
- E Sy T jment ) = Ey, SO UTE NP e SUREN T DTS
)} DI LIMOINE
qg=1r=1

which is the transformed equation governing the problem of an orthotropic rectangular plate resting
on bi-parametric elastic foundation.

where
2 82
TOZ/A @¢q(x7y)¢m(ﬂc,y)+a—yzéﬁq(x,y)@m(l’,y) dA (3.10)
T,/ﬁﬁgp(x)é(x )dA (3.11)
V)L 002 | 922 W) Em Y '
64
T :/ Dzt Dq(z,y) | Pm(z,y)dA (3.12)
4 Oz
84
7= [ 4 | [P )i (3.13)
A0y
Ty :/Gﬁq(x,y)ém(m,y)dA (3.14)
A
2 2
T5 :A @@q(iay) + 87y2¢q(x7y) Qsm(m»y)dA (315)
To = oo [ @4(,0) P (e, y)dA (3.16)
A
Ef :/éﬁq(@y)@m(w,y) sin(2j + 1)wxdA (3.17)
A
B = [ u(e.0)Poe.9) cos(2) + o (3.18)
B = [ @000 (0.9)sink + Dryda (3.19)
A
E; :/Qﬁq(m,y)qf’m(m,y) cos(2k + 1)wydA (3.20)
A
E;=FE], E;=FE;, E;=E;, E;=E;] (3.21)
1 3}
=15 | p e @) (3.22)
Es :/ 8‘1(dsq(x,y))éﬁm(x,y)sin@j—&—1)7rdi (3.23)
A
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E7, :/ ;ﬁ(@q(x, y)) b (z,y) cos(27 + 1)madA (3.24)
A
. o} .
i = [ 2 (@yw0) )| @nle)sin(k + Dryaa (3.25)
A
* a
i = [ Z0,@,)00 (2, y) cos(2k + 1)myda (3.26)
A
Efs = E;a ET4 = Efo, Efs) = Efb ETG = ETQ (3-27)
Toe L [ 2 (g ) | Pule,y)da (3.28)
8_16 A8£L'2 q\T, Y m\T, Y .
82
EI}:/ el Dy(z,y) | Pm(z,y)sin(25 + 1)mzdA (3.29)
A
82
Biv= [ oz (2400 ) 0no.9) cos(2i + Drada (3.30)
A
Biy = [ @y(a,y)n (o,)sin(2k + DrydA (3.31)
A
82
Bio = [ gz ( @l@.0) | .9) cos(2h + Dy (3.32)
A
E;l = ET?; Egz = Efs, E;:a = ETQ? E§4 = Ego (3~33)

U, (x,y) is assumed to be the products of functions Wy, (2)¥m (y) which are the beam functions in
the directions of x and y axes respectively. That is

i (2,y) = Ppm (2)Pom (y) (3.34)

where

Ypm () = sin Apm@ + Apm €08 Apm @ + Bpm sinh Apma + Cpr, cosh Apm (3.35)
Y (y) = sin Aom + Apm €08 Aomy + Bom sinh Apmy + Com, cosh Apy ’

where Apm, Bpm, Cpm, Asm, DBwm and Cyy, are constants determined by the boundary
conditions. And ¥,,, and W, are called the mode frequencies
where

)\pm = T» /\b'm = ngim (336)
x y
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Equation (3.10) can be rewritten, if a unit mass is considered as

(D) +2u(0) ~ & > | BT ~ 221000 - 2210 - 2,0
g=1
+ (wi - Iffﬂ) Qq(t) + C:’ T5Qq(t) — @ ( <Te + % (i E; 4005(3‘2 1 ?m _
;Egsm(ijjill 7rct> <ZE*COS 22::11) _;Ezsm(;ljill ) (ZES
COS(Z ::—_1 Ywet Z B sin 3] __||—_11)7wt> n i <;E§ cos 22:——:11 ZES
sln(;lkﬁi 11)7T5>>Qq( )+ 2 (T7 n % (iES cos(;;: —Ji; 1)71075 B i B sin(é? —l+— 11)7rct
Jj=1 j=1

« cos( 2k—|—1 . sin(2k + 1)m . COS 2] + 1)7rct
) s e ) o L (5 e

> . sin(2j + Dmet 1 (& ., cos(2k + 1)7s « sin(2k + D)ms .
Eiy—————— — Eig————— Eig
> Bl 25+ 1 >+47T<Z B2k +1 Z 2k +1 Qa(®)

j=1 k=1

« €o0s(25 + 1)mwet « sin(2j + )wet
T8+ — Ei—— Eig——————— EY
e ( + (Z 2j+1 Z 2+ 1 )(Z 19

cos(2k + 1)ms o= . sin(2k + D)ms 1 (& . cos(2j + 1)mct

2k + 1 ;E” 2k 41 tan ;E‘“ 2541 ZE22

= = (3.37)
sin(2j + 1)met 1 (& cos(2k+ 1)1 = . sin(2k + 1)7s
Sitey T~ )met - Er, SOO\ER T LTS N e SHWAR T LTS
2j+1 >+4w<; B2k +1 ; k41 @)

-~ Mo,

=2 A Pn(e)Pu(s)

a=1

equation (3.38) is the fundamental equation of the problem. where

M
w=—, =L,L 3.38
L ¥ y ( )
D (ct) = sin aum (t) + A €08 m (t) + B, sinh aum, (t) + Ch, cosh am () (3.39)
Dy, (8) = sin A, + A, €08 Ay + By sinh Ay, + Chp cosh Ay, (3.40)
I'ne ~ TDis
am = 7=, Am = Z, (3.41)

We shall consider the situation where the orthotropic rectangular plate is simply supported at all
its edges. The boundary conditions for an orthotropic rectangular plate having simple supports at

all its edges are given by

W(0,y,t) =0=W(Lg,y,t) =0 (3.42)
W(x,0,t) =0=W(z, Ly,t) (3.43)

82 2
Ere W(0,y,t) =0= @W(ng,y7 t)=0 (3.44)
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0? 02
D (0) = P (La) (3.46)
D, (0) = Py (Ly) 3.47
0? 0?
ﬁém(O) @Qm(Lz) (3.48)
o? o?
—&,,(0) = =—P,,, (L 4
&, () = sin U + A, cos Pinm + B,, sinh ng + C,, cosh L (3.50)
Ty Loy . Iy Ly
D (y) = sin T, + A cos Z, + B, sinh Z, + Crm cosh Z, (3.51)

On putting z = 0 and = = L, into equation (3.51), substituting the answers into equations (3.44)
and (3.48). Solving these equations simultaneously, one obtains

Am =0, Bm=0, Cmn=0 (3.52)
Ly =mm (3.53)
On putting equations (3.51) to (3.54) into equations (3.11) to (3.34), the integrals become
2 2 2 2 L L
Tq Toq T . qmxr . Mmmnx v, qmy . mmy
To = — d == d 3.54
0 |:L% + 7 :|/o sin . sin . x/o sin L, sin i y ( )
4.4 (L, L
Tq r . qmx . mmux v, qmy . mmy
Ty = Y G, MY .
1 L?DL%/O sin I sin I. dm/o sin L, sin I, dy (3.55)
4.4 Ly Ly
T, = WLZ /O sin qgj sin ”Z:"’ dx /0 sin %’J sin ”Zy dz (3.56)
4.4 L L
Tq r . qmx . mmux v, qmy . mmy
T3 = d = d .
5 I /0 sin L. sin I a:/o sin L, sin » Y (3.57)
L, L
* .. qmr . mmx v, qmy . mmy
Ty = sin sin dx sin —= sin —=d 3.58
o e [ s 558
2 2 2 2 L L
Tq g T, qmxr . Mmmnx v oqmy . mmy
Ts = — + / sin sin dx/ sin —= sin dy (3.59)
Lz L ] 0 L L 0 Ly Ly
1 [Ee qmT mnx Ly qmy mny
Te = — i i d in —= si d 3.60
T ; sin . sin . x/o sin L, sin i Yy (3.60)
L:r Ly
E} = /O sin qgj sin n’g;x sin(2j + l)ﬂxdx/o sin % sin nzzy dy (3.61)
Ly L’y
E; = / sin q;rm sin rrgra: cos(2j + 1)7rmdx/ sin qg—y sin Trzry dy (3.62)
0 x x 0 Yy Y
La Ly
E; = / sin % gjp 1L dac/ sin 7Y gin 7Y sin(2k + 1)mwydy (3.63)
0 Lz Lz 0 Ly Ly
La Ly
E; = / sin 7% gjp 1L da:/ sin 7Y gin Y cos(2k + 1)wydy (3.64)
0 Lz LI 0 Ly Ly
Es =E{, Es=E,, E;=F; Igz=E] (3.65)
L L
T™q z qmxr . Mmmnx Y. qmy . mmy
T7 = d —_— d 3.66
7 16LI/0 cos 7 — sin == x/o sin L, sin i Y (3.66)
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Ly Ly
=2 L sin(2j + radr | sin T sin 2 gy (3.67)
Lz 0 x 0 Ly Ly
Ep=1" - co T2 cos(2j + 1)mada " sin & gin Y gy, (3.68)
Lx 0 Lx 0 Ly Ly
La Ly
Ef = % /0 mth dx/o sin qLL?;y sin 7r27;y sin(2k + 1)wydy (3.69)
L
" qm . mﬂ'x v, qmy . mmy
Efy = 7/ d:v/ sin —= sin cos(2k + 1)mydy (3.70)
2T L, Ls 0 Ly Ly
ETS = E;a ET4 = Efo, Efs = E;l: ETG = ETQ (3~71)
2 2 L, Ly
Ty = — fGZ% /o cos qLﬂj sin "Z;x dx/O sin % sin T,Z;y dy (3.72)
2,2 Ly Ly
Ef, = —% /0 cos qgj sin WZ? sin(2j + 1)7md:c/0 sin % sin 7727;2/ dy (3.73)
22 Ly Ly
Els=— ng /0 cos qg: sin ”Z;x cos(27 + 1)7rxdx/0 sin % sin mL—zydy (3.74)
[ / " o8 I i T2 / " gin Y o Y G ok 4 1)y (3.75)
9= 773 o L. L. o L, L, vy .
2,2 Ly Ly
E3y=— ng /0 cos qgj sin WZ::C dm/o sin % sin nzl;y cos(2k + 1)wydy (3.76)
E3y = BEir Ej=FEis Ej=E{y E=E (3.77)

On solving equations (3.55) to (3.61),(3.67) and (3.73), and substituting into equation (3.38), one
obtains

Oult) + 2Qu(0) ~ - Z

RoL.L, w2q%\ 2Bmiq*
4 ( Lz + L%, )Qq(t) - qu(t)_
oL Q)+ DLEQu() — ((“ ;(ZEI

cos(2j + )met ZE* sin(2j + 1) ﬂct> <ZE* cos(2k + 1)ws ZE* sin(2k + 1)ws

DyT{' q Lx
4ply

Qult) - K°L L

2j 4+ 1 2241 2k +1 2k +1

Jj=1

oo

1 (& .cos(2j + Dmet *sm (25 + V)t

= proe) T o)met sS4 T 4)met
>+47T<Z 5 25+ 1 Z 25 +1 47'r 2k +1

1

Jj=1 j=1
I sin(2k + 1)ws = dmL, 1 [ = ,..cos(2j+ 1)mct
SRl T 2)7S ot | ML= 2 costey T 1)t
Z %+ 1 >>Qq()+ 6(64( ) ey Jz:: 25 11

sin 2]+17rct . cos(2k + 1) sin(2k + 1)7s
> D ) (5 gy el 5 G e

iE* cos(2k + 1)ws
Eq
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1 N . COS 2j+1 ymet *st]—i—l)ﬂ'ct 1 [ X . cos(2k+ 1)7s
B, Co8@d t met X p sin(2j + Dmet ) | 1 ol L

_ > . sin sin(2k + 1)7s : 2 1 « c08(2j + )met
ZE 2%+ 1 >)Q‘1(t)+c( 64L okl (ZE 2j + 1

. sin(2f + Dwet 2 _.cos(2k+Dms = . sin(2k + D)ws 1
fop e L Ery OSSR T TS N SIMET T TS ) 2
D B3 )(Z Ry D Bt | T (3.78)
Jj=1 k=1 k=1
=\ . cos(2j + 1)met « sin(2j + V)mct 1 [ . cos(2k+ )ws
(ZE 2j+1 ZE 2j+1 T ;E% 2k +1

> « sin(2k + 1) M
£ )0 £ B

The solutlons to equation (3.79) shall be obtalned by considering two cases:

3.1 Simply Supported Orthotropic Rectangular Plate Tranversed
by Moving Force.

For moving force problem, one sets @ = 0 in equation (3.79) which becomes

1 RoL.Ly [ 7n? 7T2n2 2B7in*
- = ( o Qult) = 7 Qnlt)

po*

A 2
Gn(t) + w2Qu(0) - ; T

Dymn'Ly, D,n*n*L, o KoL.L, GoL,L, [ m*n?
IV —7s @) - AL Qn(t) + | wn 1 Qn(t) + —— 72
m2n? > pRoL.L, [ w¢>  7%¢*\ « 2Brtqt
T Qn(t) + q:g;é:n - =t Qalt) = 57 I, Qq(t)—  (3.79)

D,n*¢*L, Dyn*q¢*L, KOL KoL:Ly ~ GoL.Ly [ 7%¢" | 7°¢°

_ i @ sin mms sin mmct
o = JTAN L, L.

On further simplification and re-arrangement, one obtains

1+npRoLzLy n2n? N n2n? Ont)+ (w2 - - 2Bm'n'  Dym'n'L,
4 L2 L2 " Wn 4L, L, 413

Dyr*ntL, KoL.L GoLzLy, [ ©2n%  =%n? >
i +<“‘”3‘_ )t e ) ) )eor X

g=1,9#=n
wRoLy Ly w2q? 7Tq 2Brtgt Dz7r4q4Ly Dy7T4q4LI
- — 2220, - =R Q) — =L EEQ(t
e Qu(t) ~ Jp g Qalt) = P Q0 - Q)
KOL Ly GoL.L, 7r2q2 772q2 . mmct
Qult) + P (T + T Q) ) = -
(3.80)
where 1
= 3.81
n= g (3.81)
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Consider a parameter nx < 1 for any arbitrary mass ratio 7, defined as

n
= 3.82
n= T (3.82)
It can be shown that
n=mn"—o(n? (3.83)
Retaining only o(n™), one obtains
n=mn" (3.84)
On putting equation (3.85) into equation (3.81) and rewriting it, one obtains
- 1 9 . 2Bn'n*  D,m'n'L, Dyr'n'L, 9
n t n - - - n
@nlt) + o (“ K ( AL, L, e 777 I Gt
s« MRoLzLy [ 72n2 72n2
e el B e
KoL,L GoLyLy [ ©®n®  m°n? * -
_ 8o v | 4 =0 y7f721+77721 Qn(t) + n Z
4 4 Lac Ly nwRoL, L 2,2 2,2 =1,9#=n
TR 7 e o e
B pRoLy. Ly 71'2q2 n 7r2q2 Q ) - 2B7T4q4 Dz7r4q4Ly Dy7T4q4Lz KoL, L,
4 L2 Lz )= 4L, L, 413 4L3 4
GoLoL, 7r2q2 . ﬂzqz g (t) B Mgn* sin ”E;S sin I”L’!;ct
4 L2 L2 ?

L gy 0t <”§§2 + "L")
(3.85)

Applying binomial expansion, one obtains

1 LZL 2,2 2,2 .
= gy PlloLeLy (” Dr T ) o) ... (3.86)
Loy B0 (”L” + ”L">

On substituting equation (3.87) into equation (3.86), one obtains
2 « WRoLy Ly mn?  rn? 2 . [ 2Bmin? DZTr4n4Ly
1-— R -
“n ( Ty Lz T e+ "\ ar.L, AL3

_ Dyw'n'Ls (uw2 - KOLILy> | GoLsLy <7r2n2 N 7r2n2>> |y BB LeLy (W2n2

Qnl(t) +

4L3 4 4 L2 L2 4 L2
2 2 2 2 2 2
T“n 2 « «WRoLy Ly [ mn T™“n «2
n(t) — 1-—
+L§>+0(n)+ )Q() n( " T +o(n™) +
J’_

q=1,qg#=n

L2
KoLy Ly B GoL, Ly 7r2q2 n 7T2q2 0
4 4 L2 L2 a

e R LxL 2 2 2 2 . 2B 4 4 D:C 4 4L D 4 4Lﬁc
D e R G a7l LZOR 77 a7 R
4 PR AL.L, 413 AL}
(0

« . mms . mmct
=M sin —— sin
an L, L.

(3.87)
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Expanding equation (3.88), and retaining only o(n*), one obtains
_ *uRoLwLy m2n? n m2n? o 2Brin?t _ Dgc7r4n4Ly _ Dy7r4n4Lgc
4 2 L2 "\ ar.L, AL AL

KOL Ly GoLxL, wBRoLyLy [ w*n?

Qn(t) + |w

2 i _ pRoLaLy 7T 7 2Bt n DE7T4q4Ly+
L 4 L2 4L, L, 413
q=1,g#=n v
Dyﬂ4q4Lz n KoL, L, GoL L, M sin mms sin mmct
L3 4 4 L2 gn’ sin 77~ L.
(3.88)
Using Struble’s technique, the solution to equation (3.89) takes the form
Qn(t) = A(n,t) cos(wnt — B(n,t)) + ... (3.89)
n* [ GoLzLy m2n?  rn? Brin?t Dz7r4n4Ly
n t) = En nt — — —
@n(t) €os [‘” 22 ( 4 Iz L2 AL, L, 4L3
(3.90)
Dyn*n*L, s  KoL.L, RoL.L, [ m*n? 72n?
74L§ + | pwy, 1 + 1 2 + L2 t— W,
On further simplifications, one obtains
Qn(t) = Encos(Int — U,) (3.91)
where
I —w 77* GoLzLy n?  n2n? _ Brint B Dz7r4n4Ly
TR w2 4 L2 L2 AL, L, 413
(3.92)

Dym*n*L, s  KoL.L, RoL.L, [ m*n? 72n?
e + +
4L3 4 4 L2 L2

is the modified frequency for simply supported orthotropic rectangular plate traversed by moving
force.
The homogeneous part of equation (3.89) gives

On(t) + I2Qu(t) =0 (3.93)

Hence, the entire equation (3.89) becomes

Qn(t) + I2Qn(t) = Mgn*sin TS iy TP (3.94)
L, L,
when equation (3.95) is solved in conjunction with the initial conditions (2.4),one obtains
Mgn* . mrs I, sin 7= ("im)blnf t
Qn(t) = S :nwc (395)
I Ly ()2 - I7
Thus,in view of equation (3.1),one obtains
Mgn* . mms [ sin 576t — (777¢) sin It . mrxT . mry
w t) = z z .
(z,y,t) T sin I, X (%)2 — e X sin . sin L, (3.96)

is the transverse displacement response to a moving force of a simply supported orthotropic rectangular
plate.
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3.2 Simply Supported Orthotropic Rectangular Plate Transversed
by Moving Mass

Here, one seeks solution to the entire equation (3.79). To solve this problem, one makes use of the
modified asymptotic Struble technique. The equation becomes,

. y 1 oo . 2 t

Jj=1
sin(2j + 1)mct : cos(2k + 1) o sin(2k + 1)w
2j +1 )( O 2%k+1 2k + 1 ) 47r< ;

cos(2j + 1)met B sin(2j + 1)wet «cos(2k + 1)
—_— B Eg
2j+1 Z 2j+1 Z  2%k+1 Z 8

sin(2k + D)ms \ \ = —4mL, 1 [ = ecos(2j + D)met
— t) 42| L — By L E}
2k+1 ))QQ()+ C<64(q2_m2)ﬂ-+ﬂ.2 J; 9 2]+1 Z 10

oo

sin(2j + 1)mct N cos(2k+ )5 o= . sin(2k + D7s 1 «
2j + 1 ><;EH 2k +1 ;Eu 2k + 1 T ;Ew
B B R (3.97)

)

cos(2j + 1)met B sin(2j + 1)wct 1 [ cos(2k+1)Ts o=
Coste) T )mer Sme Tt} 2 S TUTS N
2+ 1 Z 2j 41 tir ; B9k 41 — 16

sin(2k + 1)ws . 72¢°L 1 « c08(2] + L)met = B
2% + 1 ))Q"(t)“LC( 64L, | 72 ZE 2j+1 g 18
5111(2] + V)met « cos(2k + 1 > P sin(2k + 1)
Smeg T )mer ol i U Sk T TS E;
St ) (5 g e s e ) (5
. sin 2] + 1)met 1 . cos(2k+ 1Dms = . sin(2k + 1)ms
L e )(z s S g i

k=1
mms . mmct
))qu] = " sin

On further simplifications, equation (3.98) one obtains

<1 + wpd (i, ])) Qn(t) + Zngo(m % <§; E*%—:?m"
iETOs1n(22JiI;7rct)<ZE* 00522::11 ilE* sin ;:1‘11) )
n ﬁ (iEfg cos(gj j_ 1)7rct i B, sin(22?:11)7rct> n ﬁ (iEfs

Jj=1 j=1 k=1
(S eSS
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« sin(2k + L)ms 1 [ & . cos(2j + 1)met
ZE 2%+ 1 >+4W(ZE21 2j+1

« cos(2k + D)
+<ZE o 2%k4+1
L.L, 1 «cos(2j + V)met

( 64 +7r2<ZEl 2j 4+ 1

. sin(2k + 1)ms 1 [ .
Oy i el LA [ E
2k + 1 >+47r<.21 °

Jj=

oo}

- B

j=1 j=1

k=1
1 [, cos(2k + 1)7s
u(zbmm

« COS 2]+1)7rct
(T

k=1

« cos(2k + 1)ws
= ) Dpipaid ek A
(e

« sin(2k + D)ms
ZE 21

B i o sin(2k 4+ 1)ws
8 2k +1

N . sin(27 + Dmet « cos(2k + L)ms
Elg—————F—— Ey,
-2 P 2j+1 )(Z 2k +1

. sin(2k + 1)7s 1 (& . cos(2j + 1)met
~-SN"Ep, = Fr, SO\A) T )Tt
Z 2k +1 >+4n<z DY

iE* sin(2k + 1)ws
ok 41

« sin(2j + L)wet
B, ) T T
Syt ey

m@ ) rwp 3

q=1,q#n

*sm (25 + 1)met  COS 2k+1)
_— FE3
2 +1 ) (Z 2%k + 1
cos(2j + 1)mwet
2 +1

N\ .sin(2] + 1)7et
_ZEGW
i=1 J

4mL,

))cﬁéqu) + 2c<64(;2 ey

(3.98)
B iE sin(2j + 1)met
Y EN |

j=1

) o 7L,
>>Qq(t)—|—c <64Lz

1 (K, cos(2f+D)met = ., sin(2] + 1)7ct >\ . cos(2k + 1)7s
— B TR NT R TR Efg—sr T )72
+7r2(; Y| > Bis 2+ 1 > Bis 2k + 1

« sin(2k + 1)7s
ZE e

1 oo
+47r<ZE 2k + 1
k=1 k=1

. mmct
sin

x
where

5(i,j) = (L =Ly

cos(2k + 1)m
2k +1

27+1

(5

«sin(2k + 1)
ZE s

k=1

Rewriting equation (3.99), one obtains
—4mL,
64(q%2 — m?)w

sm(2] + V)met « cos(2k + 1)
SHa) T L)met ) ol M A
S ) (3t

2cwp

14+ w<p5(i,j)>

Qn(t) + (

N e c0s(2] + 1)met
pr S8\A) T )T
2 B

i=
. cos(2k + Dms o= . sin(2k + D7s
285711 Z E24W

g CO8 (25 + Vet

) f(é

sin(2j + 1)wet 1 Lcos(2k + 1)
i oA At — pr\sv T RO
2j+1 >+4W<Z T 2k+1

k=1

« sin 2]+1)7Tct
-3 )

))aso

«sin(2j + 1)met
E, 2j + 1 > (Z B
Zﬂs

= wesin

Ly

4« COS 2] + D)met

21 (3.99)

ZE*sm (2k + D)7s
— 2k +1

o o8 (25 + V)met
27+1

(z -3

1

sin(2k + 1
ZE” 2k + 1 )

(g
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cos(2j + 1)met « sin(2j + L)wet 1 « cos(2k + 1w
costay T )met gy, S T )y 2 py, SO T TS B
2j 4+ 1 Z 25 41 tir Z B9k 41 Z 16

2 2 Tq
(m (zEn

sin(2k + 1) . 1
o)
(1 + W(,O(S(i,j))

cos(2j + Dwet ~= ., sin(2j + 1)7ct >, . cos(2k+1

COSVE) 7 )TEE  NT pp SN T )T By SO Er T TS B
2+ 1 ; DY ] ; 1o 2k+1 Z 20

sin(2k + 1)7s 1 [ cos(2f + Dmct = v sin(2f + )met 1

il Gl e - E E -
2k +1 >+47r<; g1 ; 2" i1 )T

*COSQI€+1 « sin(2k + 1) we
Y == )| IR o

)

= L.L, 1 «cos(2j + 1)mct B sin 2] + 1)met
- Ei Smia) T )met E
> (64 i Tmee -y ) (5
g=1,9#n j=1
cos(2k + 1)w I sin(2k + 1)ws 1 «cos(2j + V)mct
RSP TS SMSET TS ) 4 = g 982+ Dmet 5~
2k +1 Z 2k +1 >+4W(;5 2j+1 Z"

sin(2j + 1)met 1 «c08(2k + L)ms «sin(2k + D)ms -
25 +1 >+ <ZE 2k +1 ZE 2k +1 @a(t)

—4mL 1 (& .cos(2j + D)met « sin(2j + L)met
2| My 4 L gy S T )T N e SIS T )TEE
+c<64(2 +7r2(2 9T 911 Z 2 + 1

q*> —m?)mw =
(ZE* 00522::11 ZE* smzlljj_l) )+;<§ETSCOS(§§11)’TFCt
B Z o sin 22§ 4_; 11)7rct) N ﬁ (g B COS(;:j:ll)ﬂs B g’:l o sin(;lzi 11)7rs
>>Qq(t) g (—ngzLy n % (;ﬁ;Ei} cos(zj —J};i )met ZE* sin 22j t 1)7Tct>
<ZE* cos 22:——:11 ZE* sin ;lkc——:_—ll) > +417T<§E;1cos(§§j-_i)7rct
DI e ?”“) S L ==

))Qq(t)] _ we sin mms sin mmct
Ly Ly
(1 + wwé(i,j))
We shall consider a dummy parameter w”* < 1 for any arbitrary mass ratio defined by

(3.101)
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By using binomial theorem and truncating after second terms, one obtains

@ = w+ o(w?) (3.102)
Considering only o(w™), equation(3.103) becomes
w=w" (3.103)
1 * .. *
=1—w pd(i,j) + (@)’ + ... (3.104)

(14 @*¢d(i, 4))
on application of binomial expansion. where |§(i,7)| < 1. That is to say

L.L, 1 Lco8(2f + Dmet = ., sin(2j + 1)7ct
— Bl ———— By ————— E;
< 64 o (Z 1 2j+1 Z 2j+1 Z 3

j=1 j=1
cos(2k + 1 L sin(2k 4 1)ms 1 (< . cos(2 + 1)met
bl A E; — gy 9052 + Dmet =~ e 1
2k+1 Z 2k + 1 >+47r<; > 2541 Z 6 (3.105)
sin(2j + 1)wcet «cos(2k + 1) «Sin(2k + L)ms
AR E; E} 1
27 + 1 (Z T %+l ; U+ 1 <

On putting equations (3.104) ) into equation (3.101) and rewriting it, one obtains

«cos(2j + 1)mcet

Bl ————— E;

(z L

j=1

sin(2j + 1)met «cos(2k + 1)m .sin(2k + 1)ms 1

S )T proo\eh T )RS B =
2j+1 Z 2k +1 Z 2k + 1 tir

k=1

«c08(2j + 1)met N . Sin(25 + 1)wet 1 «cos(2k + D)ms
E5 Ey———— — Er——
(Z 25 41 - B 2j 4+ 1 e Z T 2k+1

j=1 k=1

L sin(2k + 1)ws 2 —4m
7ZE8 2k+1 )>+O(w) te <64(n2—m2 7r2<ZE9

d (3.1
Qn(t) + 2cw” <p|:1—w gp(

k=1

cos(2j + 1)met « sin(2j + 1)wet > o cos(2k + 1)m
_— Eljg—————— _ E}
25 +1 Z 25 +1 > B 2k 41 Z 12

k=1

sin(2k + 1)7ws 1 (<X, cos(2f+ 1)mct . sin(27 + 1)mwet
AT )RS il Dl S My Kb Ep T 0
2k +1 >+4w<2 YN Z 2j+1 *

j:
« cos(2k +1 « sin(2k + 1)7s N L.L,
Eis———— Eig 1-— —_—
47r<2 2k+1 Z ok + 1 >+ w“”( 64
1 > «cos(2j + 1)wcet > *sm (2§ + V)wet > «cos(2k + 1)
- ppy 0082 & Dmet Smiay et E;
+7r2<; L2 +1 JZ 2j +1 Z 2k + 1

«8in(2k + D)ms 1 (& .cos(2j + Dmct
— Ey — Ei Eg
Z 2k +1 )+47r<; 2 +1 Z 6

cos(2j + 1)met 1 (X .cos(2k+1)Ts = ., sin(2k + 1)7s
bttt S L it — pror T pr AT L /77
2j+1 >+4W<Z T2k+1 kz::l 8 2k+1 +

k=1

2 2
2 2 of —mq°Ly 1 « cos(2j + 1)met
ot e (64Lz+7r2<321E172+1 ZEH*
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sin(2j + 1)met « cos(2k + D)m « sin(2k + L)ms 1
SHe) T+ o) El E -
25+ 1 )(Z Tkl Z w1 ) an
N . cos(2) + Dmet = ., sin(2j 4 1)wet 1 “
By ———7F— Eyy—m———— — E.
(Z Y | Z 29541 T ; #

j=1 j=1
cos(2k + 1) . sin 2k+1) N N L,L,
_— E n 1-

2%+ 1 Z 2% + 1 )) @ (t”w”{ w“"( 64

1 Lcos(2j + D)met o= . sin(25 + 1)wct =, _.cos(2k + 1)ms
— py=2 A TP Nyt TR gy T T2
WQ(Z Y2+ > B 25+ 1 > B 2k +1

j=1 j=1 k=1

.sin(2k + 1)ms 1 [ ,pco8(2j +Dmet o= .sin(25 + 1)met
- SN E; = pr RS TR N s TR
Z 2k + 1 >+47T<Z P 2j+1 ; 6 2j+1

1 Lcos(2k +1)ms = .sin(2k + 1)7s 2
+4W<ZE7 k1 DB +o(@)? + ...

k=1 k=1

1 (& cos(2f+ Dmet = ., sin(2j + Dnct
il R LT EprAn) T
( “t <Z o541 > B 2j+1

j=1 j=1

oo

>

q=1,9#n

oo

Lsin(2k + Drs o= . sin(2k + 1)ws 1 (& .cos(2j + Dmct
ppPRET T TS NT e ST T TS ) 2 Joppl e Ay L
> 2k +1 > B 2k +1 s > B 2j+1

=1 k=1 j=1

- o 3.106)
Lsin(2j + 1)wct 1 «cos(2k + L)ms «sin(2k + Vs - (
> B 2j+1 ) 4(ZE 2k +1 D> B 2k +1 Qa(t)

j=1 k=1

—4mL, *cos (2j + )met « sin(2j + )wet .
2| ———F— e Elg—————— FE
2 S4(@ —md)n (Z_: 2j+1 Z 2j 11 DB

cos(2k + 1)m . sin(2k + 1)7s 1 (&, cos(2f+ Dmct o=
_— Eis — Eiy————F— E
2k +1 Z 2k +1 >+4w<; B+l ; H

sin(2j + 1)met 1 (&, cos(2f+1D)ms o= ., sin(2j+ Dms \ \ - 5
— |+ = | Y Eis———— =) Elfe— t
2j +1 >+4w<j_1 BT 91 L | Qq(t) ¢

j=1

Tq 1 (<, cos 2] +Dmet o~ . sin(2j + 1)wet =
Ly B, 8 T T B 25 T T E
G =F 2(2 et - ) (5

Jj=1

cos(2j + I)m . sin(2k + 1) 1 = . cos(2j5 + 1)7Tct N

COSR 2 T )TS E3 = pr, SO\ T )Tk

2k 4+ 1 Z 2k + 1 >+4w<; 241 22

sin(2j + 1)met « cos(2k + U)m >, . sin(2k + sin(2k + )7s _
2j+1 > (ZE o 2%k+1 ZE 2k+1 Q1) =

w*p . mms . mmct
sin sin

L, L.
1+ w*pd(i, j)
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On expanding and retaining only o(ww*?), one obtains

= . —4mL, 1 [ & ,.cos(2j+ Dmet =~ .. sin(2j + D)met

—mr | w2 10

P 2 +1 pa 2 +1
(ZE* cos 22}];::11 ZE* sin ;}ljill) ) n 417T (iEﬁ COS(Z j_ 1)7rct
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Applying the method of Struble technique to equation (3.108), one obtains

Qn(t) + O2Qu(t) = w"pgsin TS i 1T (3.108)
L, L.
where
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is the modified frequency for simply supported orthotropic rectangular plate.
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whpg . mms n I Lo
Qn(t) = sin X e (3.110)
On Ly (752 — 6%
On further substitution, equation (3.1) becomes
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is the transverse displacement response to a moving mass of a simply supported orthotropic rectangular
plate.

4 Discusion of the Analytical Solutions

For this undamped system, it is desirable to examine the phenomenon of resonance. From equation
(3.97), it is clearly shown that the simply supported orthotropic rectangular plate on constant
elastic foundation and traverse by moving distributed force with uniform speed reaches a state of

resonance whenever
mmc

L,

while equation (3.112) shows that the same simply supported orthotropic rectangular plate under
the action of a moving mass experiences resonance when

In= (4.1)

mmc

O, = .

(4.2)
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5 Graphs of the Numerical Solutions

To illustrate the analysis presented in this work, orthotropic rectangular plate is taken to be of
length L, = 0.923m, breadth L, = 0.432m the load velocity ¢=0.8123 m/s and s = 0.4m.The
results are presented on the various graphs below for the simply supported boundary conditions.

5.1 Graphs for Simply Supported Boundary Conditions

Fig. 2 and 3 display the effect of rotatory inertia R, on the deflection profile of simply supported
orthotropic rectangular plate under the action of load moving at constant velocity in both cases of
moving distributed forces and moving distributed masses respectively. The graphs show that the
response amplitude decreases as the value of rotatory inertia R, increases.

1.5E-13
1E-13

SE-14 1.

TRANSVERSE DSPLACEMENT Wiyt) m
(=]
-
in
Y
-,
W
n
w
0
R
w
n

-5E-14 \ ! ] \
\
' \ /
Y 7 ‘o
1E-13 — — Ro=0
------ Ro=1
Ro=2
-1.5E-15 fo=3

Fig. 2. Displacement profile of simply supported orthotropic rectangular plate with
varying R, and traversed by moving force
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Fig. 3. Displacement profile of simply supported orthotropic rectangular plate with
varying R, and traversed by moving mass

Fig. 4 and 5 display the effect of foundation modulus K, on the deflection profile of simply supported
orthotropic rectangular plate under the action of load moving at constant velocity in both cases of
moving distributed forces and moving distributed masses respectively. The graphs show that the
response amplitude decreases as the value of foundation modulus K, increases.
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Fig. 4. Displacement profile of simply supported orthotropic rectangular plate with
varying K, and traversed by moving force

Fig. 6 and 7 display the effect of shear modulus G, on the deflection profile of simply supported
orthotropic rectangular plate under the action of load moving at constant velocity in both cases of
moving distributed forces and moving distributed masses respectively. The graphs show that the
response amplitude decreases as the value of shear modulus G, increases.
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Fig. 5. Displacement profile of simply supported orthotropic rectangular plate with
varying K, and traversed by moving mass
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Fig. 6. Displacement Profile of simply supported orthotropic rectangular plate with
varying G, and traversed by moving force
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Fig. 7. Displacement profile of simply supported orthotropic rectangular plate with
varying GG, and traversed by moving mass

Fig. 8 and 9 display the effect of flexural rigidity of the plate along x-axis D, on the deflection
profile of simply supported orthotropic rectangular plate under the action of load moving at constant
velocity in both cases of moving distributed forces and moving distributed masses respectively. The
graphs show that the response amplitude decreases as the value of flexural rigidity D, increases.
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Fig. 8. Displacement profile of simply supported orthotropic rectangular plate with
varying D, and traversed by moving force

Fig. 10 and 11 display the effect of flexural rigidity of the plate along y-axis D, on the deflection
profile of simply supported orthotropic rectangular plate under the action of load moving at constant
velocity in both cases of moving distributed forces and moving distributed masses respectively. The
graphs show that the response amplitude decreases as the value of flexural rigidity D, increases.
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Fig. 9. Displacement Profile of simply supported orthotropic rectangular plate with
varying D, and traversed by moving mass

1.5E-13
113

sE-1a

-SE-14

TRNSVERSE DSPLACEMENT Wik,pt) m
a

-1E-13

“1sE 1S

Fig. 10. Displacement profile of simply supported orthotropic rectangular plate with
varying D, and traversed by moving force
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Fig. 11. Displacement profile of simply supported orthotropic rectangular plate with
varying D, and traversed by moving mass
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Fig. 12 displays the comparison between moving force and moving mass for fixed values of R,,
Go, Ko, Djand D,.
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Fig. 12. Displacement profile of comparison between moving force and moving mass

6 Conclusion

In this work, the problem of dynamic behavior of simply supported orthotropic rectangular plates
resting on bi-parametric foundation has been studied. The closed form solutions of the fourth
order partial differential equations with variable and singular coefficients governing the orthotropic
rectangular plates is obtained for both cases of moving force and moving mass using a solution
technique that is based on the separation of variables which was used to remove the singularity
in the governing fourth order partial differential equation and thereby reducing it to a sequence
of coupled second order differential equations. The modified Struble’s asymptotic technique and
Laplace transformation techniques are then employed to obtain the analytical solution to the two-
dimensional dynamical problem.

The solutions are then analyzed. The analyses show that, for the same natural frequency and
the critical speed for the moving mass problem is smaller than that of the moving force problem.
Resonance is reached earlier in the moving mass system than in the moving force problem. That
is to say the moving force solution is not an upper bound for the accurate solution of the moving
mass problem.

The results in plotted curves show that as the rotatory inertia correction factor R, increases, the
amplitudes of plates decrease for both cases of moving force and moving mass problems. The flexural
rigidities along both the x-axis D, and y-axis D, increase, the amplitudes of plates decrease for
both cases of moving force and moving mass problems. As the shear modulus G, and foundation
modulus K, increase, the amplitudes of plates decrease for both cases of moving force and moving
mass problems.

It is shown further from the results that for fixed values of rotatory inertia correction factor, flexural
rigidities along both x-axis and y-axis, shear modulus and foundation modulus, the amplitude
for the moving mass problem is greater than that of the moving force problem which implies
that resonance is reached earlier in moving mass problem than in moving force problem of simply
supported orthotropic rectangular plates resting on bi-parametric foundation.
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