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and for the normal modes
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Wn, n = 1, 2, 3, … ,
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The Dirac-Delta function is expressed in the Fourier cosine series as  (Oni and Awodola, 2011)  

ú
û

ù
ê
ë

é
+=- å

¥

= Xj X

i

X

i
L

xj

L

tcj

L
tcx

pp
d coscos21

1
)(

1

 and ú
û

ù
ê
ë

é
+=- å

¥

= Yk YY L

yk

L

sk

L
sy

pp
d coscos21

1
)(

1

             

(15) 

We shall consider only one mass M traveling with uniform velocity c along the line y = s. Thus for 

the single mass M equation (14) reduces to 
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The second order coupled differential equation (16) is the transformed equation governing t he problem of a
 
prestressed

 

rectangular plate on a Pasternak elastic foundation. We shall then solve the equation (16)
 
when the plate has simple 

supports at all its edges. fn(x,y) are assumed to be the products of the functions yni(x) and ynj(y) which are the beam 

functions in the directions of x and y axes respectively (Lee and Ng 1996, Oni and Awodola 2011) . That is
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These beam functions can be defined respectively, as
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where Ani, Anj, Bni, Bnj, Cni
 and Cnj

 are constants determined by the boundary conditions. Wni
 and Wnj

 are called the mode 

frequencies. 

 

When use is made of the boundary conditions (3b – 3i) on (18) and (19), it is easy to show that   

 Ani
 = 0, Bni

 = 0, Cni
 = 0, and Wni

 = nip
                 (20a) 

 Anj
 = 0, Bnj

 = 0, Cnj
 = 0 and Wnj

 = njp
                  (20b) 

Similarly, 

 Api
 = 0, Bpi

 = 0, Cpi
 = 0, apd Wpi

 = pip                 (20c) 

 Apj
 = 0, Bpj

 = 0, Cpj
 = 0 apd Wpj

 = pjp                  (20d) 

Substituting equations (20a), (20b), (20c) and (20d) into the transformed equation (16) to obtain the transformed equation 

for a prestressed rectangular plate resting on a Pasternak elastic foundation and having simple supports at all i ts edges, 

we have 
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CASE I: SIMPLY SUPPORTED PRESTRESSED PLATE TRAVERSED BY MOVING FORCE : 

When the inertia effect of the moving mass M is neglected, that is, when G = 0 in equation ( 21), we have the moving 

force problem associated with the system. Thus the differential equation is given by  
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Using the Struble’s asymptotic technique (Oni and Awodola 2011) , the moving force problem (22) for the simply 

supported prestressed rectangular plate is
 
reduced to the non-homogeneous ordinary differential equation given as
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When equation (23) is solved in conjunction with the initial conditions, one obtains expression for Un(t). Thus in view of 

equation (4), one obtains 
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Equation (25) is the transverse -displacement response to a moving force of a simply supported and prestressed 

rectangular plate on a bi-parametric (Pasternak) elastic foundation.  

CASE II: SIMPLY SUPPORTED PRESTRESSED PLATE TRAVERSED BY MOVING MASS:  

In this section we seek the solution to th e entire equation ( 21) when no term of the equation is neglected. To solve this 

problem, we use the modified asymptotic method of Struble already alluded to (Oni and Awodola 2011) . To this end, we 

rearrange equation (21) to take the form 
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where G has been written as a function of the mass ratio h0. 
Thus, Using the Struble’s asymptotic technique, the modified frequency corresponding to the frequency of the free 

system due to the presence of the moving mass is 
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retaining terms to o(h0) only.
 

Therefore, the differential operator which acts on Un(t) and Uq(t) is replaced by the equivalent free system operator 

defined by the modified frequency bf. That is, equation (26) becomes
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Hence when equation ( 28) is solved in conjunction with the initial conditions, one obtains expression for Un(t). Thus in 

view of equation (4), we have
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Equation (30) is the transverse -displacement response to a moving mass of a simply supported prestressed rectangular 

plate on a Pasternak elastic foundation. 

4. DISCUSSION OF THE ANALYTICAL SOLUTIONS  

It is desirable to examine  the phenomenon of resonance.  Thus, e quation ( 25) clearly shows that the simply supported 

prestressed rectangular plate on a Pasternak elastic foundation and traversed by a moving force reaches a state of 

resonance whenever 
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while equation (30) shows that the same plate under the action of a moving mass experiences resonance when  

  

X

i
f

L

cp p
b =                         (32)  

where   
( )

ú
ú
û

ù

ê
ê
ë

é

÷
÷

ø

ö

ç
ç

è

æ
+-=

22

2

0 1
2

1
Xmf

i
mff

L

cn

g

ph
gb             (33)  
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  for all ni, it can be deduced from equation (34) that, for the same natural frequency, 

the critical speed (and the natural frequency) for the system of a  simply supported and prestressed rectangular plate  
resting on a Pasternak elastic foundation and  traversed by a moving mass is smaller than that of the same system 

traversed by a moving force. Thus, for the same natural frequency of the plate, resonance i s reached earlier when we 

consider the moving mass system than when we consider the moving force system.  

5. NUMERICAL CALCULATIONS AND DISCUSSION OF RESULTS  
For the simply supported prestressed plate resting on Pasternak elastic foundation, a rectangular plate of length L Y  = 

0.914m and breadth L X = 0.457m is considered. It is assumed that the mass travels at the constant velocity 0.8123m/s. 

Furthermore, values for E, S and G
 
are chosen to be 2.109x109kg/m2, 0.4m and 0.2 respectively. For various values of the 

axial forces (N x 
and N y), rotatory inertia R 0, shear modulus G0, and the mass ratio G, the deflections of the simply 

supported prestressed plate are calculated and plotted against time t.
 

 
Figures 1 and 2

 
display the effect s

 
of axial forces N x 

and N y
 
respectively o n the transverse deflection of the simply 

supported
 

prestressed rectangular plate for the case of moving mass . The graphs show that the response amplitude s
 

decrease as
 

both Nx
 

and Ny
 

increase. 
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Fig.3: Displacement of prestressed simply supported plate on Pasternak elastic foundation and traversed 

by moving mass for various values of Ro.
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Fig.2: Deflection profile of prestressed simply supported plate on bi-parametric elastic foundation and 

traversed by moving mass for various values of axial force Ny.
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Fig.1: Deflection profile of prestressed simply supported plate on bi-parametric elastic foundation and 

traversed by moving mass for various values of axial force Nx.
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Fig.5: Comparison of moving force and moving mass cases of prestressed simply supported rectangular 

plate resting on Pasternak elastic foundation.
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Fig.4: Displacement of prestressed simply supported plate on Pasternak elastic foundation and traversed 

by moving mass for various values of Go.
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Fig.6: Displacement profile of moving mass of prestressed simply supported rectangular plate resting on 

Pasternak elastic foundation for various values of mass ratio.
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