
CONTENT 
 

PERSONALITIES 
 

CONGRATULATIONS TO PICUGIN ANATOLY PETROVICH  
ON THE 80TH BIRTHDAY  
 
CONGRATULATIONS TO ERYSHEV VALERY ALEKSEEVICH 
 ON THE 75TH BIRTHDAY  
 

CONFERENCE MATERIALS 
 

ON THE INTERNATIONAL SCIENTIFIC-PRACTICAL CONFERENCE «NEW PROGRESSIVE 
PRESCRIPTION-TECHNOLOGICAL SOLUTIONS IN BUILDING MATERIALS SCIENCE» 

 
TECHNICAL SCIENCES. BUILDING AND ARCHITECTURE 

 
ASSESSMENT OF CIRCULAR PRESTRESSING IMPACT ON CONDEEP 
PLATFORM STORAGE RESERVOIRS VIA MECHANICAL PRINCIPLES 

 
© The Author(s) 2023 BASHIRZADE Seymur 

Department of Civil Engineering, Akdeniz University  
(Turkey, Antalya) 

 OZCAN Okan 
Department of Civil Engineering, Akdeniz University  
(Turkey, Antalya) 

 GARIBOV Rafail B. 
Dr. of Technical, Prof., Advisor to RAACS 
INO "IFCTE" (Tolyatti, Russia) 

 

Abstract. The application of prestressed concrete to cylindrical structures is 
now recognized as one of the most cost-effective designs. Circular prestressing 
addresses the weaknesses of leakage and cracking that are common in traditional 
reinforced concrete tanks. It requires less maintenance, has superior fire 
resistance, and is a suitable substitute if the steel is costly. This study investigated 
the entire application of circular prestressed concrete Condeep platform supports 
and provided recommendations for a circular prestressing methodology. 
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Abstract. Studies have been conducted at Kryachkov Novosibirsk State 

University of Architecture, Design and Arts to determine the influence of an acetic 
acid additive on the contraction time and strength properties of the building 
plaster. The timing of the onset and end of contraction was determined by the 
slowing addition of 9% acetic acid. Data on compression strength and bending of 
plaster stone samples are given.  
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Abstract. The article shows the importance of using large-tonnage ash and slag 
waste and creating new soil concrete materials on their basis. The main components 
are identified in the selection of ash and slag mixtures. The stages of selection of ash 
and slag cement mixtures in the design of soil concrete for the construction of rural 
roads of class II are considered. Sampling, calculation of the content of components, 
physical and mechanical properties of samples are determined, when strength is set 
under normal conditions after 28 and 90 days. The verification of the data is obtained 
during testing for compliance with the requirements of SP 34.13330.2012. The 
recommended optimal humidity of the reinforced soils is shown – fine dusty and fine 
sands, sandy loams, loams and clays. The initial compositions for testing were 
determined, the optimal composition was selected. The granulometric composition of 
ash and slag waste has been determined. The content of micro-reinforcing additives 
was determined. The influence of the consumption of ash and slag cement mixtures 
and chrysotile cement waste on the strength characteristics has been studied 
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Abstract. In the proposed work, the theory of nonlinear calculations of 

foundation structures on an arbitrary elastic base is further developed. The round 
reinforced concrete slab for the chimney of the thermal power plant lies on an 
elastic half-space and continuously, without friction or sliding, contacts it. The 
elastic and nonlinear calculations of this structure are performed under the action 
of a non-symmetrical vertical load, provided that part of the plate is in the same 
plane. 

The nonlinear calculation of the round plate on an elastic base was carried 
out iteratively by the B.N. Zhemochkin method in the Cartesian coordinate system 
using a mixed method of structural mechanics. Note here that equations for finding 
points of a plate loading circle in one plane from unknown external forces 
distributed over said circle are added to the traditional equations of the mixed 
method. At the first iteration, the plate is calculated as linear-elastic, homogeneous 
and isotropic, at the next iteration, it is calculated as linear-elastic, heterogeneous 
and anisotropic at each section of Zhemochkin. Deflections of a plate with a 
normal trapped in the center of each section in the main system of the mixed 
method from the effect of vertical force are determined by the Ritz method when 
representing deflections in the form of a power polynomial in an expression that 
satisfies not only the boundary conditions of the trapped plate by movements, but 
also the biharmonic equation. 

Curvatures and cylindrical stiffnesses for each of directions X and Y, and 
torsional stiffness were determined from the movements of the centers of the plate 
sections obtained as a result of elastic calculation by the method of finite 
differences. For each section in all subsequent iterations, a stiffness-curvature 
relationship is used, approximated by a nonlinear function, the nature of which 
graphically indicates the nonlinear elastic work of the anisotropic plate and its 
deformation, taking into account crack formation and crack opening. 



Numerical examples of elastic and nonlinear calculations of reinforced 
concrete pipes for thermal power plants on elastic half-space are given. The 
algorithms of the above solutions are implemented using the Wolfram 
Mathematica 11.3 computer program. 

Keywords: elastic base; reinforced concrete round slab; stiffness-curvature 
relationship; anisotropic slab; Zhemochkin method; nonlinear calculation; Ritz 
method; plate deflections; finite difference method; mixed method of structural 
mechanics; building structures 
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Abstract. This work is devoted to the problem of developing damping polymer 
composite materials that are effective in a wide temperature range. The article 
examines issues related to the compatibility of components of damping polymer 
materials. An analysis of the results of infrared spectroscopy of polymer 
composites based on ethylene-vinyl acetate modified with resins was performed. 
The values of the free surface energy of resins (alkylphenol-formaldehyde resin and 
glycerin rosin ester) were calculated using the Owens-Wendt method. The 
magnitude of the adhesion interaction for the "polymer-modifier" system was 
assessed depending on the degree of polarity of the modifier. The results of a study 
of the dynamic properties of polymer composites based on ethylene-vinyl acetate 
modified with resins were compared with the work of adhesion of the polymer and 
the modifier. It has been established that the polarity of the modifier significantly 
affects the damping characteristics of polymer composite materials based on 
ethylene-vinyl acetate. It is shown that through the strength of the adhesive bond, it 
is possible to establish the most optimal structure-forming components necessary 
for the development of damping polymer materials with a high level of dissipative 
properties. 
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Abstract. The article considers the possibility of using a carbamide-containing 
additive to strengthen cement conglomerates. The greatest increase in the strength of 
cement stone was obtained by adding carbamide in an amount of 1% wt. to Portland 
cement. At the same time, the strength increases by 33.7–56.8%, depending on the 
hardening period. It is necessary to note a greater acceleration of the strength gain of 
the cement stone in the early stages of hardening than at a standard age. 

Keywords: carbamide; cement; calcium hydrosilicates; portlandite; strength 
enhancement 
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Abstract. The article presents the results on the effect of the amount of 

aluminum oxide and hydroxide on the water demand of cement, on the setting 

process of cement dough, and on the kinetics of strength gain and compressive 

strength of cement stone. As a result of the analysis of experimental data, it was 

concluded that the addition of aluminum hydroxide is an effective additive - 

accelerator for setting Portland cement and increases the strength of cement stone 

during all the studied hardening periods. Its optimal dosage in terms of shortening 

the setting time and ensuring the greatest hardening is 1%. With such an amount 

of additives, the setting time is reduced: by 47% at the beginning of setting and by 

30% at the end of setting, the compressive strength of cement stone increases 2.1 

times. 
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Abstract. The article shows the effectiveness of using composite materials 

with high strength in the construction industry. These include polymer concretes, 
powder-activated and other types of composites based on inorganic and organic 
binders. However, the process of creating new types of concrete is actively 



continuing. In particular, this applies to those designed to operate under 
conditions of exposure to high temperatures, dynamic loads and ionizing radiation. 
In this aspect, composites based on metal binders — metal concrete (metones) are 
promising. This article discusses frame-metal concrete obtained in two stages. At 
the first stage, large fillers are glued together according to the shape of the future 
product into a frame. At the second stage, the voids of the porous frame of the 
matrix component are impregnated. Both metal and other types of heat-resistant 
adhesives are used for the frame, and filled, or unfilled metal binders are used for 
the matrix. The costs of binders based on liquid glass for the manufacture of 
frames on porcelain and basalt fillers, and expanded clay are given. The 
sufficiently high strength of the frames required to provide technological 
techniques for the creation of metal concrete is shown. The elastic-strength 
properties of frame metal concrete on various fillers and aluminum binder are 
given. The compressive strength of metal concrete is 180–200 MPa, the bending 
strength is 7.9–8.5 MPa, and the modulus of elasticity is 6300–6500 MPa. A 
technique for determining the homogeneity of the studied concretes based on the 
approximation of experimental properties using the equation of a straight line is 
considered. 

Keywords: composite materials; frame structure; frames; metal matrices; 
frame metal concrete; strength; modulus of elasticity; approximation by a straight 
line; building materials 

 
 

INVESTIGATION OF CONSTRUCTIVE NONLINEARITY IN THE 

LENS-LIKE COATING OF A MEMBRANE-ROD STRUCTURE 

 

© The Author(s) 2023 KIM Alexey Yurievich 
Doctor of Technical Sciences, Professor 
Yuri Gagarin State Technical University of Saratov 
(Russia, Saratov, e-mail: sberbanksp@yandex.ru) 

 AMOYAN Misha Frykovich 
PhD Candidate 
Yuri Gagarin State Technical University of Saratov 
(Russia, Saratov, e-mail: ezid-007@yandex.ru) 

 KHAPILIN Viktor Evgenievich 
PhD Candidate 
Yuri Gagarin State Technical University of Saratov 
(Russia, Saratov, e-mail: khapilin2010@yandex.ru) 

 

Annotation. The article outlines one of the types of nonlinearity, 
specifically the structural nonlinearity of structures. This topic is not extensively 
studied, however, neglecting the consideration of constructive nonlinearity can 
lead to an inaccurate final result, which can result in a loss of stability. 
Therefore, this topic is quite relevant. The article describes the calculation of 
membrane-rod structures by considering structural nonlinearity and outlines the 



main features of structural nonlinearity that are inherent in these structures. The 
aforementioned refers to the dependence of the deformation of the structure on 
the load applied to it, resulting from alterations in the design scheme during its 
deformation, typically involving structural modifications, such as switching on 
or off connections, altering their position, or altering the coordinates of points of 
the structure due to movements during the calculation "in accordance with the 
deformed scheme". Constructive nonlinearity is inherent in the structure during 
destruction, when the connections are disabled but there may be options, when 
the connections are turned off after the shutdown, for example, if the coating of 
the structure was cleared of snow, then they turned back on, and when the snow 
fell again and the connections started working again, until the next shutdown 
from work. 

Keywords: calculation of membrane-rod structures considering nonlinear 
factors; consideration of constructive nonlinearity; calculation with a 
specialized software package; disabling the flexible elements of the structure 
from work under the influence of external factors; construction mechanics 
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Annotation. This article describes the calculation taking into account nonlinear 
factors in lenticular membrane-pneumatic structures for various purposes. Such 
structures appeared in our country at the end of the last century and have already 
occupied a certain niche in the creation of modern infrastructure in our cities and 
towns. Such structures are convenient because they can be erected in a few 
months, and can be quickly repurposed into the desired object at the moment. 
Their calculation is quite complicated and involves the use of special programs 
that allow you to calculate structures considering non-linearities and the elastic 
properties of air in the lens-like coating of the structure. 



Keywords. Calculation of lenticular membrane-pneumatic structures; 
calculation of structures considering nonlinear factors; consideration of elastic 
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Abstract. Nowadays, ceramic materials, due to their physicochemical and 
physical-mechanical properties, have been widely used for grinding and 
homogenizing charge and aqueous suspensions. However, ceramics do not fully 
meet the requirements for service life or a number of abrasive bodies. The 
possibility of synthesizing the SrAl12O19 payload in the SrO-Al2O3 system from a 
strontium carbonate precursor with different component ratios is shown in the 
course of experimental studies. In the study of the composite microstructure SrO-
Al2O3-3UZrO2, the presence of ceramic material platelike structures giving 
ceramics high physical-mechanical (strength, fracture resistance) and wear-
resistant characteristics was revealed. 

Keywords: grinding bodies; ceramic material; aluminum zirconium 
composite; strength; crack resistance; wear resistance 
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Abstract. The issues of improving the quality of asphalt concrete due to the 
introduction of nanoscale particles, such as carbon nanotubes, are considered. It 
is shown that their rational introduction into the bitumen binder provides an 
increase in adhesion to the slag aggregate, which leads to an increase in the 
strength and other performance characteristics of asphalt concrete.  

Keywords: steelmaking slags; bituminous binder; nanoadditives; 
thermomechanical properties; microstructure 
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Abstract.  The article studies the neural network method of forecasting the 

physical and mechanical characteristics of polymer-microposite textile materials 
designed to strengthen building structures. The software package "STATISTICA 
Neural Networks" was used for this purpose. Data for training, testing and 
verification were obtained from manufacturers of composite materials such as 
Yumatex Rosatom (Russia), Sika (Switzerland), S&P (USA), BASF (Germany), 
Research Institute «INTER/TEQ» (Russia) and FYFE (USA). Input variables for 
learning the neural network were Rв tensile strength fiber, Eв fiber elasticity 
module, Rm tensile strength adhesive (shear), ρp surface density fiber, the 
thickness of the canvas t, and the relative elongation of the fiber at the rupture δ. 
The output variables were the tensile strength Rf and the elastic modulus Ef 
carbon laminate. The BGFS algorithm (Broyden-Fletcher-Goldfarb-Shanno) was 
used for neural network training. The architecture of the neural network included 
a multi-layered perceptron, with one intermediate layer containing 1 to 20 
neurons. Training was provided over 1,000 times. In order to verify the neural 



network prediction, tests were conducted on the axial tensioning of three samples 
of carbon lamellas measuring 300x20 mm, consisting of SikaWrap 230C fibers and 
the two-component epoxy matrix FibArm Resin 230+. As a result of the prediction, 
the neural network obtained average tensile strength values and a modulus of 
elasticity for the tested lamellas. The maximum deviation between neural network 
predictions and actual testing was 3.5%.  

Keywords: strengthening of building structures; carbon fibre-based composite 
materials; artificial neural networks; forecasting; axial tensile strength; elastic 
modulus 
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Abstract. The article considers the possibility of using secondary organic 

waste from the production of fires of flax and sawdust in cellular concrete to 
obtain a cellular-fibrous structure of aerated concrete. The influence of the type of 
filler on the properties of non-autoclaved aerated concrete was considered. The 
article studies compositions containing flax and sawdust as fillers in the 
production of non-autoclaved aerated concrete, as well as compositions in which 
part of the organic filler was replaced by high-calcium ash and unground quartz 
sand. The optimal ratio of polycomponent organic filler has been determined. The 
parameters of preparation and molding of porous mixtures based on 
polycomponent organic fillers were studied. Organic filler has a significant impact 
on the processes occurring in the aerated concrete mixture during the maturation 
period. The optimal composition of the raw mix for the manufacture of non-
autoclaved aerated concrete has been obtained. 

Keywords: flax fire; sawdust; cellular mixture; thermal conductivity; 
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Abstract. The prospects for the production of ceramic products 

utilizing industrial waste and novel rational methods of mass preparation 
of substandard raw materials, resulting in the formation of a matrix 
structure, have been presented.  

Keywords: industrial waste; matrix structure; dispersion medium; 
aggregate dispersed phase; ceramic wall materials  
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Abstract. The article considers the possibility of the application of carbonate 
slurry chemical purification by energy enterprises in the production of 
construction solutions. It is shown that the strength of mortar solutions with sludge 
additives increases by 30–70% compared to the control composition. The results of 
the influence of individual and binary carbonate-containing microfillers on the 
strength of new-generation concrete are presented.  

Keywords: carbonate slurries; cement mortars; finishing materials; strength; 
formation of microstructure; superplasticizers; carbonate mineral microfillers; 
composite cements; high-strength concrete  
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Abstract. The article considers a thin-walled spherical shell with a central 

hole made of materials with double anisotropy, resting on an elastic "Winkler" 
foundation. Within the framework of the Kirchhoff-Love hypothesis and using the 
Karman formalism, a mathematical model of the shell deformation is constructed, 
taking into account the equations of state through the strain potential in the 
normalized tensor space of stresses. The structural anisotropy is limited to the 
class of orthotropic materials, and the strain potential is limited to quasi-quadratic 
expansion for this class of anisotropy. An axisymmetric problem of elasticity 
theory has been solved using the developed mathematical model and its software 
implementation, describing the stress-strain state of the shell with a central hole 
made of orthotropic materials with different resistances, resting on an elastic 
foundation, and subjected to external pressure assuming small deflections. Based 
on the obtained data, graphs of stresses, deflections, and horizontal displacements 
are constructed. The results are compared with those obtained using the theory of 
averaged mechanical characteristics. Conclusions have been drawn about the 
effectiveness of using improved relationships based on the analysis of the obtained 
results. 

Keywords: thin shell; orthotropy; resistance variability; complex material 
properties; elastic foundation; axisymmetric problem; finite difference method; 
small deflections of the shell 
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Abstract. The work considers the problems of the construction of 

underground structures for various purposes, including the development and 
implementation of effective building materials and technologies for compaction 
and hardening of soils. At present, the substitution of construction Portland cement 
with clinker-free cement holds significance, as it has the potential to enhance the 
technical and economic efficacy of sealing and hardening soils through the 
utilization of blasting cement technology. Also, it is important to replace Portland 
cement construction with clinker-free cement because groundwater is more 
aggressive than general construction cement in dense urban development and can 
be an additional activation factor when using clinker-free binders. The main 
regularities of the influence of the component ratio on the properties of geo-
polymeric binders (GPB) and injection mixtures on their basis have been 
established as a result of the carried out studies. A significant contribution to the 
technology of "green construction" is the application of GPB in geotechnical 
construction as an alternative to the use of general construction cements.  
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Abstract. The article proposes a modified technological approach for 
preparing soil in natural environments, involving the simultaneous mixing of 
sewage effluent with peat and sand, thermal shearing of the mixture, 
transportation, discharge, and temporary storage for the purpose of enhancing the 
soil's biological properties. The application of the newly developed technology will 
allow the production of artificial soils that meet sanitary standards and 
requirements for the soil of urban areas for pathogens, heavy metal salts and 
organic intoxicants. 
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Abstract. The article presents data on waste from thermal power plants in 

Russia and the Omsk region. The ecological threats and risks associated with the 
storage of the ash or hydro-removal of the ash have been identified. The chemical 
composition of the ash of hydro-removal has been determined. Compositions of 
heavy concrete with the replacement of a part of cement with hydro-removal ash, 
which can be used in the manufacture of road plates, are proposed. The strength, 
water absorption and frost resistance of compositions of heavy concrete with wet 
ash discharge have been investigated and comparison with the control composition 
has been conducted. 
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Abstract. The article considers the development of the construction industry 
in Russia under current conditions. A meticulous examination of the cyclical 
evolution of the volume and cost of construction works for the period 2016–2022, 
and the initial eight months of 2023 was conducted. The growth rate of these 
variables was determined based on the open official statistics of Rosstat. The 
factors that impede the development of the construction industry have been 
identified, including the high cost of building materials and the instability of their 
production, high tax payments, and the forecast of a significant increase in the key 
rate of the Central Bank of the Russian Federation. The dearth of skilled personnel 
in the construction sector of the economy has been identified as a significant 
obstacle to its growth.  
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Abstract. Part 1 of the article presents the basic principles and ratios of a 
solid deformed body mechanics. Based on the general equations of the solid 
deformed body mechanics, it is shown that invariant values are the average 
normal voltage on the octahedral pad , the tangent voltage on the octahedral pad 

, the Lode-Nadai voltage parameter оuniquely determines the stress state at 
the point of the elastic body in the general case of a stress state. In the case of a 
flat stress state, the stress at the point is uniquely determined by two invariants: 
the average normal voltage at the octahedral pad  and the tangent voltage on 
the octahedral pad . At the same time for the characterization of the type of 
stress, it is more appropriate not to apply the angle of the type of stress ψσ, but the 
ratio . For the deformed condition, invariant values and  – 
octahedral normal (average) deformation, octahedral shear deformation and 
Lode-Nadai deformation parameter, respectively, uniquely determine the deformed 
state at the point of the elastic body in the general deformed condition. In a flat 
deformed state, it is enough to have two invariants and . However, as a 
parameter characterizing the type of deformed state, it is more appropriate to 
apply not the angle of the deformed state type  but theratio . The 
formulas and connections between stress theory and strain theory presented in this 
part of the article allow us to identify the necessary dependencies for assessing the 
ultimate strength and deformability of concrete for various types of strained states, 
which will be demonstrated in the following part. 

Keywords: deformable elastic body; stress at point; deformed condition at 
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Abstract. The influence of the control parameters of a reactive vibration 
dampener on the scope of seismic displacements in a tower-type structure is 
investigated. The sensitivity of the response of a non-stationary moving tower to 1) 
restrictions on movement, 2) the velocity of the jet ejected, and 3) the time of a 
single reactive impact is analyzed. An algorithm for determining the optimal 
parameters of reactive effects control is shown. The efficiency of using a reactive 
vibration dampener is evaluated. 

Keywords: seismic impact; oscillatory motion; vibration damping; active 
dampener; reactive dampener; solid deformed body mechanics; building 
mechanics 
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Abstract. The article is devoted to solving the problem of increasing the 
stability of a concrete rack by saturating the pore space with a reinforcing 
substance – glass with an elastic modulus exceeding the original material. The 
properties of the composite thus obtained are determined using the theory of 
mixtures. The distribution of glass filler over the section of the rack is determined 
by solving the problem of the diffusion of liquid glass into the body of concrete. 
The solution to the problem of column stability after hardening was obtained from 
the standpoint of deterministic and probabilistic formulations. The glass 
strengthening of the rack led to a positive result: an increase in its stability. 
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Abstract. This article updates the scientific understanding of the gas 

liquefaction process in the Russian industry and sets a possible direction for its 
development. It is known that the basic processes for the production of liquefied 
natural gas using thermodynamic cycles include the following steps: raw gas 
preparation, cold generation, gas cooling to a point of liquefaction at a certain 
pressure, and its subsequent hypothermia. Usually, it involves multiple processes 
of condensation, transpiration, compression, expansion, phase separation, mixing 
and transport of refrigerants, raw gases and their constituents, etc. These 
processes require a huge database and complex equipment. However, they can be 
optimized using negative ambient temperatures as well as proper refrigerant flow 
distribution. In addition to highlighting the current state of liquefied natural gas 
production in Russia, the article notes the importance of choosing the best sources 
of cold and how it is received and transmitted. It also emphasizes the importance 
of research into liquefied natural gas production based on mixed refrigerants. A 
brief analysis of the existing technologies in the country in this area is given. 
Processes based on cascade cycles are described, which leads to the conclusion 
that it is advisable to use them in low-temperature places. It proves the advantage 
of mixed refrigerant methods in the Russian climate based on practical data.  

Keywords: natural gas liquefaction; thermodynamic cycle; raw gas; 
refrigerant; cascade cycles 
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