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Abstract: Methodical foundations related to the design of the energy-efficient building composite materials  are 
considered. The main problem is to provide a heat-insulating properties and strength characteristics of appropriate 
level required. The solution is based on the percolation theory, allowing to determine the proportion of thermal 
insulating filler to interrupt most of thermal paths, and  ideas of structural optimization, allowing to increase the 
strength of the material due to the  introduction of structure-forming mineral and organic additives. The features of 
the conductive properties of the composite mixture were investigated using an electrothermal analogy, according to 
which the thermal conductive properties of the composite mixture obey the same laws as the electrical conductivity. 
In the electrical modeling of conductivity in a composite material, the conductive particles of a carbon powder were 
the model of heat conducting components, the heat-insulating filler (perlite) was used as a dielectric component. 
Physical modeling made it possible to determine the concentration of the filler, at which the electrical resistance of 
the model mixture and the thermal resistance of the composite under study increases jumpwise. The ratio of the 
components of the composite material was chosen in accordance with the principle of maximizing the amount of 
filler and approaching the percolation threshold, while meeting the regulatory requirements for strength. The 
introduction of active additives promotes the partial loosening of the structure and the separation of the particles, 
improves the hydration conditions of the binder, and, as a result, increases the strength of the matrix ma terial. This 
method allows increasing the amount of heat-insulating filler and minimizing thermal conductivity. The 
methodological techniques developed during the study are applicable to other materials and, in particular, to 
prospective materials with foamed glass filler. The method of obtaining composite materials with the optimal 
combination of strength and heat insulation characteristics is presented in the form of an algorithm, which 
simplifies its application. 

Key words: energy-efficient building composites, percolation, structural optimization 
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