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Abstract. In the present paper, the problem of nonlinear vibrations of an elastic plate on a viscoelastic foundation with 
various boundary conditions is studied. The damping features of the viscoelastic foundation are described by the fractional 
derivative standard linear solid model. Assuming that only two natural modes of vibrations strongly coupled by the internal 
resonance are excited, the method of multiple time scales in conjunction with the expansion of the fractional derivative in 
terms of a small parameter has been utilized for solving nonlinear governing equations of motion. The governing set of 
equations are obtained for determining of nonlinear amplitudes and phases in the case of free vibrations of the plate for 
different types of boundary conditions.   

Introduction 
 

The dynamic response of plates on a viscoelastic foundation has been deeply investigated in the last few 
decades. In order to describe the properties of the foundation, different models of viscoelasticity are used [1]. 
Nowadays, the fractional calculus plays an important role in solving problems of structural mechanics [2], 
thereby the fractional derivative Winkler-type or Pasternak-type models of viscoelastic foundations are 
becoming increasingly widespread. The dynamic problems considering time-dependent properties of the 
material of the plate or foundation are usually restricted to simply supported plates [3]. However, in the 
literature there are solutions for rectangular plates with different combinations of simple boundary conditions 
(i.e., either clamped (C), simply supported (SS), or free (F)) [4]. Thus, Amabili et al [5] performed 
calculations of nonlinear frequencies of vibrations of rectangular plates for three different types of boundary 
conditions (B.Cs). The dynamic response of thin plates resting on a fractional derivative Kelvin-Voigt 
viscoelastic foundation subjected to a moving point load is investigated in [6] for four types of boundary 
conditions. Semi-analytical solutions and comparative analysis of natural frequencies and midpoint 
displacements for vibration of the viscoelastic Kirchhoff–Love plate on the Kelvin-Voigt viscoelastic 
foundation with various B.Cs are presented in [7]. However, the influence of boundary conditions on the 
nonlinear dynamic response of plates on the fractional derivative foundation accompanied by the internal 
resonance has not been studied. 
 

Results and Discussion 
 

The main purpose of the present research is to study the effect of various boundary conditions on the free 
nonlinear vibrations of a von Karman rectangular elastic plate resting on a viscoelastic Winkler-type 
foundation, the damping features of which are described by the fractional derivative standard linear solid 
model. The method of multiple time scales in conjunction with the expansion of the fractional derivative in 
terms of a small parameter [8] has been utilized for solving nonlinear equations of motion with four different 
types of boundary conditions. The governing equations are obtained for determining of nonlinear amplitudes 
and phases in the case of free vibrations, when the natural frequencies of the two dominant vibration modes 
are close to each other. The influence of various boundary conditions on the process of vibrations under the 
condition of the one-to-one internal resonance is considered and analyzed. 
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