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Abstract 
 

The mathematically rigorous micromechanical modeling of composite materials and thin-
walled composite reinforced structures built of multiple small-size unit cells is based on 
the multi-scale asymptotic homogenization method. Indeed, the proof of the possibility of 
homogenizing the composite material of a regular structure, i.e., of examining an 
anisotropic homogeneous material instead of the original highly inhomogeneous 
composite material, is one of the principal results of this theory. Asymptotic 
homogenization method has also indicated a method of transition to a problem for a 
homogeneous material described by a set of the effective properties. This transition is 
accomplished through the solution of the so-called local problems formulated on the unit 
cell of the composite material. The solution of these unit cell local problems allows 
determining the effective properties and distribution of local fields, e.g., displacements 
and stresses. The theoretical background of this approach will be introduced, and author’s 
results in the developing the micromechanical models and their application to the analysis 
of practically important composite structures, including grid-reinforced composites, 
wafer-reinforced, lattice and sandwich composite shells will be presented. In particular, 
one of considered examples represents micromechanical modelling of the carbon 
nanotubes. See [1-5] for details.  
 
Next, the smart composite materials will be addressed. Smart structures integrate sensors 
and actuators. They have the ability to respond adaptively to changes in environmental 
conditions, and therefore significantly increase their functionality and serviceability. 
Major types of smart structures will be discussed, and the general theory of smart 
materials will be introduced, see [6] for details. 
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