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SOME THEORIES OF FAILURE IN GEOMETRICALLY 
NONLINEAR MECHANICS 

 
For massive bodies, mechanical behavior of which is described by the 

equations of the geometrically and physically nonlinear V.V. Novozhilov’s 
elasticity theory, the construction of strength criteria for the theory of the greatest 
normal stresses, the theory of failure of the greatest elongations, the theory of 
failure of the greatest tangential stresses and Mohr’s theory of failure is considered. 
The analyzed strength criteria are written in terms of stresses acting along the faces 
of the elementary parallelepiped selected at the point of the deformed body, that is, 
in the state after deformation. The transition formulas are given from stresses 
acting along the faces of an elementary parallelepiped selected at a point of a 
deformed body, that is, in the state after deformation, to generalized stresses acting 
along the faces of an oblique parallelepiped, which edges were parallel to the axes 
of the Cartesian coordinate system before deformation. Thus, writing down the 
strength criteria in terms of generalized stresses, the transition is made to the 
coordinate system of the points of the body before deformation. It is shown that to 
assess the strength at a point in a body which mechanical behavior is described by 
equations of the geometrically and physically nonlinear V.V. Novozhilov’s theory 
of elasticity, it is necessary to know at this point both stress and strain state, that is, 
to solve the problem of nonlinear theory of elasticity completely. A calculation 
algorithm is formulated to assess the strength at the point of a nonlinearly 
deformable body. It is noted that the strength criteria proposed in the article for 
deformable bodies, the mechanical behavior of which is described by mathematical 
models taking into account both physical and geometric nonlinearity, require 
comprehensive experimental justification. 
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VERIFICATION OF METHODS FOR DETERMINING DIFFUSION 
COEFFICIENT 



 
The article is devoted to the methods for determining the diffusion 

coefficients characterizingthe rate of sorption of a liquid aggressive 
medium by composite materials, including the most common of them: the 
equilibrium sorption method, the dynamic sorption method, as well as its 
derivative, the method of I. Langmuir and S. B. Ratner, taking into 
account the temporal characteristic of the kinetics of sorption, and the 
indicator method. Each method is tested for 7 different compositions of 
composite materials and the most optimal option is selected based on an 
analysis of the results. A graph of how the diffusion coefficient for 
compositions 1–7 changes in time is given. 
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THERMAL AGING OF POLYMER-CONTAINING THERMAL 
INSULATION MATERIALS IN EXTERIOR WALLS 

 
The longevity of wall materials is evaluated, as a rule, by the frost 

resistance cycles of the materials (brick, concrete, etc.). As a rule, resilient 
polymer-containing heat-insulating materials are located in the outer layers 
of modern building envelopes. For this materials alternate freezing and 
thawing of moisture does not lead to their mechanical destruction. In this 
regard, frost resistance of such materials is not a determining factor in 
assessing the durability of external walls. 

However, it is known that polymeric materials are subject to thermal 
aging, which may result in a decrease in their thermal protection. Thus, the 
determining factor in assessing the durability of external walls with 
polymer-containing heat-insulating materials should be their thermal aging. 

The article presents the results of a study of the temperature regime of 
operation of expanded polystyrene and mineral wool on a polymer binder. 
It has been shown that the outer layers of thermal insulation materials are 
located at elevated temperatures for a significant part of the year. Modeling 
the established thermal effect in laboratory conditions allowed us to obtain 
patterns of increasing thermal conductivity coefficients of the studied 
materials and to develop a method for assessing the service life of external 
walls by the loss of the required thermal protection. 
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CLIMATE RESISTANCE OF VACUUM INSULATION PANELS 
 

The article considers the influence of the type of shell of vacuum thermal 
insulation panels on the thermal characteristics of the studied samples. The 
influence of climatic conditions on the performance characteristics of the tested 
vacuum panels is shown. 

Keywords: vacuum panels, thermal insulation, climate resistance, thermal 
conductivity coefficient, shell. 
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FRACTAL ANALYSIS OF THE DEFORMATION PROCESS OF EPOXY 
POLYMERS UNDER TENSILE STRESS 

 
The analysis of the deformation mechanism under the action of tensile 

stresses of a polymer material samples based on Etal-247 epoxy resin and 
Etal-45M hardener is carried out. Using the method of minimum coverage, 
the coordinates of the “critical” points of epoxy polymers deformation 
curves are determined, which correspond to the minimum values of the 
fractality index. The character of damage accumulation in the polymer 
composites structure under the action of tensile stresses is analyzed. 

Keywords: epoxy polymers, deformation curves, fractal analysis, time 
series, minimal coverage method.  
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DIAGRAMS OF DESTRUCTION OF CEMENT COMPOSITE 
MATERIALS REINFORCED WITH 

AMORPHOUS METAL FIBERS 



 
The problems of modeling the process of deformation and fracture 

of fiber reinforced concrete reinforced with a new type of fiber - 
amorphous metal are considered. Information is provided on the basic 
properties of such fibers and their effect on the mechanical characteristics 
of fiber-reinforced concrete. The dependences are described that make it 
possible to theoretically simulate the behavior of samples during their 
testing for tensile strength in bending, and to construct calculated 
diagrams of deflection of samples from the loads applied to them. The 
article also presents the results of testing the force and energy 
characteristics of the crack resistance of fiber-reinforced concrete, its 
tensile strength under bending and the elastic modulus. The experimental 
data were obtained as a result of using a device specially designed for 
such studies. It is shown that satisfactory convergence is observed 
between the calculated and experimental data. 
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STUDY OF THE MECHANICAL PROPERTIES OF SULPHUR-
CONTAINING ARBOLITE BLOCKS 

 
Sulphur-containing wood concrete blocks characterized by low 

density (600-650 kg/m3) have a high enough strength that enables their 
application as a thermal insulating and structural material, satisfactory 
frost resistance and good thermal performance. The authors of the paper 
implemented research of mechanical properties in order to determine their 
behavior during installation and service life. In the paper, the results of the 
block's behavior in the large-block masonry exposed to central 
compression are shown as well as arising compression strength, 
stretching, bending and cut-off tensions that cause the blocks’ fracture in 
masonry. The authors proposed the formulas for estimating the initial 
elasticity modulus for wood concrete prisms and blocks. A new 
experimental dependence for calculating the value of wood concrete load-
bearing capability for sulfur-containing wood concrete has been 
established under off-center compression. 

Keywords: sulphur-containing structural building materials, wood 
concrete, mechanical properties. 

 



Sokolova Yulia Andreyevna, Akulova Marina Vladimirovna, 
 Isakulov Baizak Razakovich 

 
 
Treschev A.A., Zavyalova Yu.A., Lapshina M.A. 
 

VARIANT OF THE ORTHOTROPIC DEFORMATION MODEL 
COMPOSITE MATERIAL 

 
Variants of postulating the equations of state of composite structural 

materials with structural orthotropy and deformation anisotropy are 
considered. Connections of strain and stress tensors are constructed on the 
basis of general nonlinear energy dependencies between the force and 
geometric parameters of the deformation process. Due to the high 
complexity of experimental determination of constants of potential 
relations with a high level of non-linearity, quasi-linear approximations of 
the equations of state are recommended for practical application in 
structural calculations. The calculation of energy dependence constants is 
limited to conducting simple experiments, on the basis of which the values 
of these constants for a number of composites are obtained. 
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INVESTIGATION OF THE STABILITY OF THE STRUCTURAL SYSTEM 

OF A HIGH-RISE PUBLIC BUILDING IN THE SOFTWARE 
COMPLEXES LIRA-CAD AND STARKES 

 
The article is devoted to the study of the stability of the structural 

system of a high-rise frame-monolithic hotel building in the 
independent software systems LIRA-CAD and STARK ES. The 
model of the building is presented and the results of the stability 
calculation are presented. 

Keywords: investigation of the stability,high-rise frame-
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STUDY OF THE DISPERSION OF PIGMENTS, PAINT AND VARNISH 
MATERIALS FILLERS 

 
We studied the dispersion of the mineral components of exterior paints. Two 

grades of pigment titanium dioxide and two fillers - microdolomite and kaolin - were 
selected. The methods of dynamic and static light scattering and electron microscopy 
were used. Particles of different sizes are present in the studied pigments and fillers. 
The values of the average particle size obtained by different methods are analyzed. 
The number of particles with dimensions that provide the maximum scattering ability 
was at least 14% of the mass (volume). Pigments contain nanoparticles with sizes less 
than 115 nm. Surface treatment of pigment particles leads to additional difficulties in 
the study of their dispersion. 
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