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1. Introduction 
 

Layered surface girders (plates and shells) can be divided into two groups: laminate and sandwich. The 

sandwich constructions are usually composed of three layers, with different thicknesses hk, k = 1,2,3, 

fulfilling the condition that the ratio h2/hk, k = 1,3, is much greater than one. Usually  10020/2 khh . The 

second indicator characteristic of these sandwich constructions is the ratio of Young’s modules of adjacent 

layers , ie Ek/E2,  k = 1,3. Usually  10000100/ 2 EEk . As it results from the above values of the ratios, the 

sandwich constructions are physically and geometrically inhomogeneous with abruptly variable parameters. 

If we take into account that the outer layers of the sandwich girders can be laminated, it is obvious that the 

exact elastic mathematical models of these girders are usually very complex.  

The sandwich plates have been attractive to many researchers interested in the structural aspects of 

engineering constructions. Elastic models of sandwich plates can be divided into two groups: non-local and 

local. The local models are presented, for example, in the following papers [1-2]. As far as the author knows, 

all the previous local models are limited to rectangular simply supported plates. The non-local models are 

much more frequently published in the literature and therefore their exact classification is not very easy 

because of the large number of scientific papers devoted to them. Here, non-local models are divided into 

two groups: the equivalent single layer (ESL) models and individual-layer (I-L) models. Below there are 

mentioned some exemplary works containing the ESL and I-L models (theories). A simple ESL theory of 

sandwich plate one can find in [3]. In paper [4] an ESL refined theory for the sandwich plate with laminated 

facings was presented. Also in paper [5] an ESL refined theory has been presented in detail. In paper [6] an 

I - L theory of sandwich plate was outlined.  

This presentation concerns  an I-L model for the rectangular sandwich plate composed of laminated outer 

layers (facings) and an orthotropic middle layer (core). The plate is symmetric about the middle plane.  

 
2. Outline of the present individual-layer model of sandwich plate with laminated facings 
 

Displacements vector uk occuring within k
th
 layer, k = 1-3, as well as the corresponding stresses within this 

model satisfy the compatibility equations between the adjacent layers, i.e.  
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Of course, the cross-sectional boundary conditions, for the first and third layer, have also been satisfied. The 

local constitutive equations applicable in k
th
 layer are consistent with the kinematic model for the layer.  

To obtain displacement vectors uk the following equations, for each k
th
 layer separately, have been applied, 
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Finally, equations (3) are summed up for k = 1 - 3, ie through the entire thickness of the plate. The same 

applies to equations (4) and (5).These final equations, derived after the summations, make it possible to 

determine the functions of uk. To obtain complete statement of the boundary problem the edge boundary 

conditions have to be satisfied. For example, for a plate with fixed edges these conditions are as follows,  
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Symbols Tyz, Tzx, denote the transverse edge shear forces, Syz, Szx, are the shear stiffnesses of the plate, while 

symbols a, b denote dimensions of the plate. 

 
3. Local model for cellular core 
 

The middle layer (core) of the sandwich panel can be of continuous or cellular material. There are many 

“continuum” models in the literature for the cellular core which simplify modelling of the sandwich plate. 

For instance, in [7] the following formulas for the Young’s and shear modulus of the cellular core are given, 
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Symbols Ec, Gc, ρc, in expressions (7), denote equivalent Young’s modulus, shear modulus and density, 

respectively, of the “isotropic” cellular core while Es, Gs, ρs, are the same parameters of the solid material 

from which the core is made. It is noted that directly from (7) we have the Poisson’s ratio value, νc = 1/3. It 

is noted that many other formulas analogous to (7) can be found in the literature.  

The I-L model of a rectangular sandwich plate commented here is much simpler in comparison with other  I -

 L models existing in the literature. Therefore, it is useful for the preliminary design of the plate eg to analyse 

the influence of type and arrangement of reinforcements in laminate layers on stiffness of the plate.  
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