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Abstract. Geometrically nonlinear vibrations of shallow shells resting on elastic foundations are investigated. It is assumed 

that shell is fabricated of functionally graded materials. Shear deformation shell theory of the first (FSDT) and higher order 

(HSDT) that includes interaction with elastic foundations is considered. Voigt’s model is applied to define effective material 

properties of the structure. To study the shells with an arbitrary planform the R-functions theory combined with the variational 

Ritz method are used. The proposed algorithm  generalizes the method developed by the authors for the shallow shells 

modelled  in the framework of FSDT. Validation of the proposed method and developed software has been examined on 

test problems for FG shell with rectangular planform. New results for shallow shells with a complex planform were 

obtained. 

 

Introduction 
 

Many modern shell-type constructions are fabricated of functionally graded materials (FGM). It is connected 
with essential advantages of the class of composite materials such as continuous and smooth variation in 

properties in one or several directions. Expect of this they are able to withstand high temperature environments. 

Despite a huge number of the published papers devoted to analysis of FG plates and shells [1, 5], there are 

many unsolved and insufficiently studied issues in the field of geometrically nonlinear vibrations. Among 
these problems there is a problem of geometrically nonlinear vibrations of FG shallow shells resting on an 

elastic foundations. This is especially true for FG shells with a complex plan shape. In the present paper we 

study the indicated problem. A distinctive feature of the work is the use of the R-functions method (RFM) [2]. 
Previously in the work [3] this method was developed for solution of the problems on the vibrations of FG 

laminated plates and shallow shells in the framework of the FSDT. In the present work the method is extended 

for the first time to shells resting on an elastic foundation using the higher order theory.  
 

Mathematical formulation and solution method 
 

Shallow shells and plates made of functionally graded materials (mixture of metal and ceramics), resting on 

an elastic foundation are considered (Fig. 1). It is assumed that a planform of the shell can be complex and 

fixed by different ways.  
Motion equations of plates and shells based 

on higher order shear deformation shell 

theory (HSDT) worked out by Reddy [4] are 

used. The effective material properties are 
presented by Voigt’s model [1]. Influence of 

the foundation is taken into account through 

relation [5] 
2

0 1 2p K w K w   . Proposed 

method consists of three steps. Linear 

vibration problem is solved in the first step. 
Further series of the auxiliary problems 

similar to elasticity problems are solved. 

Applying solutions obtained on previous steps 
we reduce given problem to the system of the 

ordinary differential equations which is solved 

by the Runge-Kutta method. New results for 
shallow shells with a complex planform were obtained. Effect of different geometrical and mechanical 

parameters on nonlinear frequencies is studied. 
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Fig.1. FGM shell resting on elastic foundation 
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