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Summary 
The comparative analysis of the effects of moving loads travelling on highly prestressed orthotropic rectangular 

plate resting on Pasternak foundation is investigated. When moving load traversing a structure is considered as 

a mass body, its effects are twofold: the gravitational effect of the moving load and the inertial effects of the 

load mass of the deformed structure. In this work, the two cases are presented. The motion of the plate is 

governed by a fourth-order partial differential equation for which the highest derivatives is multiplied by a 

small parameter. Such problem is amenable to singular perturbation. Of particular interest is the method of 

matched asymptotic expansions (MMAE). The basic idea underlying this method is the representation of the 

solution to the dynamical problem by two expansions, each of which is valid in part of the domain after which 

matching of the different expansions is done in order to obtain a composite solution which is uniformly valid in 

the entire domain of definition of the problem. The result is then shown in plotted curves. These reveal that the 

critical speed is higher in moving force problem than in the moving mass for the various values of shear 

modulus and rotatory inertia. So this is a clear indication that resonance is reached earlier with moving force 

than with moving mass. 
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I. Introduction 
The dynamics of elastic structures, beams and plates, under moving loads is nowadays under intensive 

study due to the development of high speed transportation system and its importance in engineering designs and 

constructions. Moving loads such as trucks, cars, trains, bikes and so on, have a great effects on the dynamic 

stresses in the elastic media they traverse. They cause such bodies to vibrate even very intensively especially at 

high speeds. These may have devastating effects on such engineering structures on which they move. According 

to [1] dynamical problems involving moving loads can be generally grouped into the following three classes: 

(a) In the first case, the mass of the moving load is considered much smaller than the mass of the structure 

it is traversing,  

(b)  The second class comprises of the system for which the mass of the structure is assumed to be much 

smaller than that of the moving load and thirdly is  

(c) The case in which both the mass of the structure and that of the moving load are of comparable 

magnitude.  

The first case is much simpler than the second and the third. In fact, the first is the commonest problem treated 

in literature. In this problem, the inertial effects of the moving load are assumed negligible and only the force 

effects of the moving load are taken into consideration. Thus, this type of problem is termed the “moving 

force” problem. Though, the problem, on the assumption, has been greatly simplified, the following question 

arises: how safe is a design based on this assumption. The justification of this assumption would have been 

established had the solution of this approximate model been proved to be an upper bound for the actual 

deflection of the dynamical system. This approximation model in which the vehicle-track interaction is 

completely neglected has been described as the crudest approximation known in the literature of assessing the 

dynamic response of an elastic system which supports moving concentrated masses. The most difficult of all the 

three types of the problem is the third, while both the second and third problems involve not only the 

consideration of the force effects of the moving load but also its inertial effects, the moving load in the formal 

does not have mass commensurable with the mass of the structure. The third type of problem may be termed 

“moving mass” problem. This is an improvement over existing works in literature that determine the 

displacement response of plate-structures under the action of moving loads. In this work, the third case is 

presented. When the inertia effect of the moving load is so considered, the governing partial differential 
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equation of motion becomes complex and laborious and no longer has constant coefficients. In particular, the 

coefficients become variable and singular. More complicatedly is the situation whereby the plate-structure is 

highly prestressed and orthotropic in which bending effects at the boundaries are considered. In particular when 

a plate-structure is highly prestressed a small parameter multiplies the highest derivative in the governing 

differential equation. This class of dynamical plate problem in which a small parameter multiplies the highest 

derivatives in the governing differential equation is not common in literature. However, this class of plate 

problems have been solved when the plate is executing free vibration or when a static load is acting on such 

plates, Hutter and Olunloyo [2, 3]. Instances in which plate-structures are subjected to moving concentrated 

forces are attempted by [4], with the discovery that it may not be safe to rely on the approximate solution 

produced by the problem of dynamic response of plates to moving forces (as opposed to moving masses). The 

problem of highly prestressed orthotropic plate-structures subjected to moving masses is rear in literature. 

Notwithstanding it is being treated by the work of Tolorunshagba and Oni [5], Tolorunshagba [6]. Outside the 

aforementioned researchers who worked on orthotropic structures, several authors have treated moving mass 

problems. Foremost amongst researchers of a moving load on a plate is the work of Willis [7] who investigated 

the effects of weights travelling over bars with different velocities. Others are Stokes [8], Timoshenko [9], 

Lowan [10], Bondar [11], Reissmann [12, 13], Holl [14] and the monograph of Fryba [1] to mention but few. 

Some of these renown researchers who have worked on moving mass beam problems are Stanisic et al. [15, 16, 

17], Milormir et al. [18], Sadiku and Leipholz [19], Oni [20], Gbadeyan and Oni [21] to mention just very few. 

Generally speaking, structures may be seen as subjected to two loadings, namely the applied load and inertial 

forces at every instant time.  
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II. Problem Formulation 
In this study, the effects of moving loads travelling on highly prestressed orthotropic rectangular plate 

resting on Pasternak foundation is investigated. When the effects of shear prestress and shear deformation is 

neglected, the transverse displacement response of a highly prestressed orthotropic rectangular plate occupying 

the domain  and traversed by moving concentrated loads, when the rotatory inertia correction factor is 

incorporated, is governed by the fourth-order partial differential equation of the form  
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