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Abstract

The paper presents some aspects of refined analysis of multilayered composite plates and shells. 
Refined shell theory is based on a zig-zag (piece-wise  linear) variation of displacement field through 
the thickness, and on a Reissner's mixed variational formulation which allows an introduction of 
independent transverse shear fields in each layer and an enforcement of the interlaminar shear stress 
continuity. By relaxing basic assumptions, three additional models of interest are obtained. For  the finite 
element approximation we use a four-noded mixed finite element on the basis of assumed strain 
variational approach.  
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1. Introduction

In  this  paper we present a  model for  
composite structures of moderate thickness, 
which is suitable for the transformation into a 
relatively simple and efficient multilayered plate 
and shell finite elements. 

The  model can be viewed as a  refinement of  
the first-order shear-deformation theory, and 
requires only C 0-continuity of displacements. It  
avoids dependence of unknown kinematic 
variables on a number of layers, it satisfies 
interlaminar equilibrium conditions, and it takes 
into account discontinuity of derivatives of dis- 
placements and transverse shear stresses (with 
respect to  through-thickness coordinate) at  
layer  interfaces [16]. These features are 
accomplished by two assump- tions: (A)  of a 
zig-zag variation of displacement  jield 

through the thickness of a laminate; and (B)  of 
layer- wise independent   quadratic transverse 
shear stresses. The latter assumption is 
introduced within the Reiss- ner's mixed 
variational principle. 

The model is in line with works of Murakami 
[14], Bhaskar and Varadan [3] and Jing and 
Tzeng [11] who derived linear theories for 
composite plates, composite cylindrical shells and 
composite general shells, respect- ively. Carrera 
[8] and Carrera and Kroeplin[9] reformu- lated the 
plate theory to be suitable for the finite element 
approximation and  derived some associated 
linear and geometrically non-linear plate finite 
el- ements. In this work we generalize the work of 
Carrera [8] to shells. We present basic points of a 
general non- linear model, and of  three 
additional formulations obtained by relaxing the 
preceding basic assumptions. Among these four 
models, two have been transformed to linear [7] 
and two to large rotation geometrically non-
linear multilayered shell finite elements [4,5,10]. 
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