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Abstract. This article discusses the issues of determining the optimal use of 
nano-additives in paints and varnishes according to the most important indicators 
for the agro-industrial complex: adhesion, fire resistance, antistatic, thermal 
protection, radiation protection, chemical resistance. To assess the effectiveness of 
the use of nanoadditives in various operating conditions, the coefficient of optimal 
use of their use was adopted. It takes into account the relative service 
life/durability of the nano-modified coating under operating conditions, the 
optimal amount of introduction of nano-additives into the paintwork material, and 
the cost of nano-additives. The optimality coefficient for the use of nano-additives 
makes it possible to evaluate the effectiveness of the use of one or another type of 
nano-additives, considering the effect on certain characteristics of coatings. 
Evaluation of the effectiveness of the use of nano-modified paintwork materials 
showed that one of the most optimal nano-additives for introduction into the 
paintwork material are carbon nanotubes, silicon dioxide, bismuth oxide. 
According to the optimality coefficient, the best combinations were determined 
with the joint introduction of additives: carbon nanotubes (0.1%) and bismuth 
oxide (1%), carbon nanotubes (0.1%) and silicon dioxide (1%), silicon dioxide 
(0.5%) and zeolite (1%). Binary modification has a complex effect on the 
operational durability of protective coatings, a greater number of characteristics 
are improved compared to mono-modification. Comparing nano-modified enamel 
AK-1301 with traditional special paints, it was determined that the cost of 
obtaining a nano-modified coating is more than five times cheaper. 
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Abstract. The relevance of the research is justified by the large volumes of 
waste from the construction industry. Construction waste is arising from 
dismantling, constructing, repairing and reconstructing buildings. The research 
has been carried out on the selection of the mixture ratio of a composite material. 
The ratio is based on slaked lime, sand, baked clay, gypsum, diatomite and a 
broken brick (opus signinum) and intended for use as a masonry, finishing, or a 
repair composition. The aim of the work is to create the lime solutions with the 
broken brick in order to increase the share of construction waste that is involved in 
recycling. There are three objectives of the work. The first one is to analyze the 
current conditions of a problem of the utilization of the construction waste in 
Russia. The second is to find a synthesis of solutions and to determine their basic 
physical and mechanical characteristics. The third is to study the possibility of 
using these compositions as a masonry, finishing, and a repair material. As a 
result of this study, the mixture ratio of the composite material has been developed. 
The material contains lime up to 35% of the mass. Its compressive strength is from 
2.25 to 6.3 MPa. The density is 1200-1300 kg / m3. The frost resistance is up to 35 
cycles. The softening coefficient is up to 0.74. That makes this material suitable for 
being used as finishing and masonry. 
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Abstract. A review of the regulatory regulation of the survey of the technical 
condition of buildings and structures is carried out. The analysis of the application 
of BIM and automation in the examination of the technical condition of buildings 
and structures is carried out. 

It is pointed out that there is no unified approach to parameterization of 
information about defects and damages of building structures, as well as the 
absence of a generally accepted classification of defects and damages, which leads 
to difficulties in the way of widespread introduction of information modeling 
technologies during the survey. 

A variant of classification of defects and damages of metallic building 
structures, as well as parameterization of defects and damages of load-bearing 
metal structures identified during the inspection of the technical condition of 
buildings and structures is proposed, using the example of Autodesk Revit with the 
possibility of automated preparation of defect location schemes and drawing up 
defect statements, and requirements for the load of development. The parameters 
of the families of defects of the information model and an example of 
implementation are given. 

Parameterization of defects and damages of building structures is the basis 
for creating a systematized library of families, which can be used in the 
development of information models and documentation prepared during the 
inspection of the technical condition of building structures. 
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Abstract. In conditions of dense urban development, structures including 
historical heritage sites during new construction or reconstruction often fall into 
the zone of influence of new construction. The paper considers that the 
reconstructed object of cultural heritage has been repeatedly rebuilt during 
operation, as a result, there are various structural solutions of individual parts of 
the building. Additional complexity is given by the location of the object on a slope 
having a thickness of bulk soils of various compositions lying directly under the 
sole of the foundations, a high level of groundwater and prolonged flooding of the 
basement of the building. In addition, various technical solutions were used in the 
construction of foundations: under part of the building there is a foundation with 
wooden piles, partially lost during operation, in the other —a foundation plate. To 
analyze the current state and determine the ways of reconstruction of the object, 
calculation schemes were drawn up to perform calculations of general static 
stability, the boundaries of the slope landslide zone for various cases and 
deformation of the base at different load levels were determined. The article 
identifies possible risks, analyzes the main models of the behavior of the soil 
foundation taking into account negative factors, carries out variant design of 
structural solutions to strengthen the foundation and foundation structures—by 
strengthening the foundations with micropiles, or by fixing bulk soils to improve 
the geotechnical properties of soils with low resistance. The results of the 
conducted experimental studies and verification calculations emphasize the 
possibility of ensuring the regulatory operation of the base-foundation system, 
taking into account the improvement of the engineering and geological parameters 
of the foundation. The application of the research results allows preserving the 
object of historical heritage, ensures the safety not only of the reconstructed 
building, but also of neighboring objects falling into the zone of influence of the 
object, the stability of the slope on which the object is located. 
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Abstract. The article considers the dynamics of the development of the 
building materials’ industry under conditions of high level of uncertainty and risk 
due to permanent tension in the Russian economy against the background of basic 
macroeconomic indicators that form an understanding of the overall social-
economic condition in the country. 

Selected statistical analysis of the building materials industry of the Russian 
Federation was based on official statistical data of Rosstat on the dynamics, 
production volumes of basic building materials, volume of imports of certain types 
of goods and products for construction activities. Dataset also included the level of 
use of organisations’ production capacities for the manufacturing of certain type 
products for construction activities. 

The paper determined the necessity of restructuring the industry of building 
materials with large-scale processes in the field of import substitution and 
technological development; there is also the necessity to increase efficiency  and 



form new business ties with friendly economies in conjunction with successful 
initiatives at all levels of Russian economic activity. 
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Abstract. This paper presents the methodology and results of measurements 

of the deformation of the compressive thickness of soil piles under the prolonged 

action of the load of a high-rise building interrupted by construction on a 

monolithic foundation plate along wall and depth marks by the method of 

geometric leveling. 
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Abstract. Thermal stressed state of massive concrete and reinforced concrete 

structures during the building period is characterized by the risk of large tensile 

stresses that can lead to the temperature cracks and affect the whole structure 

integrity. For the crack resistant constructions, such defects are unacceptable. The 

concrete hardening process is accompanied by a large amount of heat release due 

to the cement hydration reaction. The most dangerous cases are those, which 

cause the non-uniform temperature distribution over the body of the block. 

Significant gradients can lead to stresses exceeding the stresses from operational 

loads. On top of that, there are factors also affecting the thermal stress state such 

as ambient temperature fluctuations, solar radiation, the block cooling velocity, 

initial and boundary conditions, the stiffness of the basement. The last factor is the 

subject of research reflected in the current work. 

The article found that ignoring the ground base deformation characteristics 

may lead to a significant crack resistance overestimation during the design of 

concrete curing measures. By the calculation, the direct dependence between 

concrete cracking in the foundation slab and the basement stiffness was revealed: 

the larger stiffness, the more intensive crack propagation. It is shown that the 

influence degree depends on the construction thickness: there is the decrease of 

sensitivity with the larger block thickness, when the thing concreting block is more 

susceptible to this effect. 

Keywords: thermal stresses; thermal cracks; massive concrete constructions; 

thermal stress analysis; temperature; hydration; early-age concrete; building 

period 
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Statement of the problem. The pace of development of modern construction 
creates the need to develop new technologies that make it possible to give classic 
building materials special properties, allowing them to expand the range of their 
application. The developed technology of mechanical distribution and orientation 
along the tensile stresses acting in the structure of fiber fibers in the body of linear 
fiber-reinforced concrete and fiber-reinforced concrete elements can provide more 
efficient use of fiber dispersed reinforcement by including more fibers in the work 
of the section. It is necessary to conduct experimental studies to study the strength 
and deformation properties of fiber-reinforced concrete according to the 
technology of laying fiber-reinforced concrete mixture developed by the authors. 

Results. The results of experimental studies of the strength and deformation 
characteristics of fiber-reinforced concrete, manufactured using the mechanical 
technology for creating aggregated oriented fiber reinforcement, are presented. 

Conclusions. The presented results of experimental studies made it possible 
to work out the features of the technology for creating fiber-reinforced concrete 
with aggregated oriented fiber reinforcement proposed by the authors and to 
obtain a material with improved technical and economic indicators. 

Keywords: concrete; reinforced concrete; fiber-reinforced concrete; 
prestressed structures; use of materials in structures and calculations; building 
materials 
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Abstract. The use of ash and slag waste from coal-fired power plants in the 
construction industry is the most promising direction for their utilization. The 
physical and chemical properties of wastes have been studied to assess the 
possibility of their use as a secondary raw material for the production of building 
products. The chemical, phase, granulometric composition, loss of ignition, 
binding property, radiation safety, thermal properties for fly ash from Novosibirsk 
thermal power plants were determined. The classification of the studied 
technogenic raw materials according to the requirements of the current regulatory 
legal acts was carried out. Directions for the use of raw materials in construction 
technology are proposed. 

Keywords: coal-fired power plants; ash waste; construction materials; 
recycling; construction industry 
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Abstract. The paper studies the interaction of some mineral acids with a 

filled cement composite, where zeolite-containing rocks were used as a filler. 
Thermodynamic and kinetic analysis of the "cement stone – acid" system was 
carried out by means of static phase contact. According to the thermodynamic 
equilibrium constants and the reaction rate constant, the conclusion is made about 
the depth and rate of corrosion of cement stone, depending on the amount of filler 
and the nature of the acid. 

Keywords: cement stone; kinetics; zeolite-containing rocks; enthalpy; 
entropy; Gibbs function; equilibrium and velocity constant; strength; building 
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Abstract. This paper considers the possibility of using organic raw materials 
to obtain pressed composite materials. Authors present the results of determining 
the adhesion of an organic filler to mineral and organic binders. The influence on 
the formation of the structure of the composite material of the fractional 
composition of the organic filler is determined. Authors analyzed the preparation 
of pressed materials based on a polymer and a silicate binder consisting of sodium 
liquid glass and styrene acrylic latex in 1:2 ratio of the organic part to the 
inorganic. Depending on the change in the physical and mechanical properties of 



the pressed samples, the optimal content of the complex binder in relation to the 
organic filler was established.  By the method of measuring the uniaxial 
compression strain under the influence of a continuously acting load, it was found 
that all the nano-sized additives used have an intensifying effect on the thermal 
stability of the polymer-silicate binder. Technological parameters for obtaining 
composite pressed materials are based on organic fillers. 
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Abstract. In recent years, science and practice have developed various 

options for the delignification of wood, which allows it to be used in new 
previously unused structures, including in the design of interiors and exteriors of 
objects for various purposes. The introduction of light-permeable wood makes it 
possible to efficiently dispose of lumpy woodworking waste and opens up 
interesting directions in the architectural and decorative design of buildings 
during their construction and repair, as well as in design projects. The article 
considers the influence of technological factors in the processing of wood on the 
physicochemical properties of the delignified organic material. The patterns of 
reflection and absorption of electronic spectra in a wide range of 190-900 nm 
were established, which made it possible to formulate a sequence of processing of 
wood samples for further studies of their properties. The results of 
photoelectrocolorimetric and spectral studies are presented, which give a complete 



picture of the rationality of the selected processing modes of wood samples to 
ensure the required light transmission. 
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Abstract. The article is devoted to the analysis of the technical survey results 
of the administrative building and the implementation of engineering calculations 
considering the work performed on the technical survey. The structures in question 
are located in an administrative 2-storey building. The structural scheme of the 
building is a metal frame. The actual condition of the building's load-bearing 
structures has been established. To determine the bearing capacity of the 
foundation plate and the main steel beam, verification calculations were 
performed. The verification calculations were performed using the software 
complexes "LIRA-CAD 2017PRO" and SCAD Office, taking into account the 
current regulatory and technical documents. Based on the results of the 
calculation of the foundation plate, the required background reinforcement was 
established, the required reinforcement in the lower zone in the places of 
installation of load-bearing vertical structures, the deflection was determined. As a 
result of the calculation of the main steel beam, the strength under the action of the 
transverse force, the strength under the action of the bending moment, the stability 
of the flat bending shape under the action of the moment, the strength under the 
reduced stresses under the simultaneous action of the bending moment and the 
transverse force were established. Based on the results of the calculations 
performed, taking into account the operating loads and the actual reinforcement of 
the foundation plate, as well as the actual technical condition determined by the 



results of the technical inspection, conclusions are made about the operability of 
the structures. 

Keywords: technical inspection, calculations of building structures, building 
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Abstract. An approach to the construction of a mathematical model of the 

transverse bending of a rectangular plate that does not belong to the class of thin, 
has an initial structural orthotropy and is made of a composite material, the 
peculiarity of which is the nonlinear deformation inhomogeneity acquired during 
loading. This heterogeneity is characterized by the dependence of the deformation 
and strength properties of the plate structure on the type of stress state and 
directions in it. The relations of the characteristic dimensions of the plate are 
accepted such that the use of the Kirchhoff-Love hypotheses cannot be recognized as 
correct, but they quite allow for a transition from the initial three-dimensional 
formulation of the boundary value problem of mechanics to its formulation in 
relation to the deformation of the median surface in accordance with the approach 
of S.P. Timoshenko, which takes into account the influence of shifts in cross-
sections. In previous works of the authors of this article, it was shown that, despite 
the presence of a completely small number of known models of deformation of 
orthotropic materials with induced nonlinear inhomogeneity of mechanical 
properties, there is still no single approach to constructing equations of state for 
them. In the same works, it is shown that the variant of the defining relations 



proposed by the authors and based on the use of the normalized stress spaces 
technique still has universality, and predicts the stress-strain states of the materials 
under consideration quite adequately with minimal errors. This option is used in the 
presented work. The mathematical model for calculating a rectangular plate is 
based on the hybrid shape of rectangular finite elements in the author's 
interpretation. The main results of the obtained solutions are demonstrated. 

Keywords: structural orthotropy; acquired nonlinear inhomogeneity; 
rectangular plate; normalized stress space; finite element method; transverse 
bending; hybrid shape; mathematical model; construction mechanics; safety of 
constructions 

 

DETERMINATION ALLOWED AND LIMITING LOADS ON BEAM CIRCULAR CROSS-
SECTION FROM POROUS MATERIAL AT TORSION 

© The Authors 2023 
 

SHLYAKHOV Stanislav Mikhailovich 
Doctor of physical and mathematical sciences, Professor of the Department of Building 
Materials, Constructions and Technologies 
Saratov State Technical University named after Yuri Gagarin 
(Russia, Saratov, e-mail: orifelwi@mail.ru) 

 KRIVULINA Elvira Fedorovna 
Candidate of Technical sciences, Associate Professor, Department of Building Materials, 
Constructions and Technologies 
Saratov State Technical University named after Yuri Gagarin 
(Russia, Saratov, e-mail: orifelwi@mail.ru) 

 

Abstract. The paper investigates the effect of material porosity in the 
deformation of a cantilever beam in the case of bending. Simplifying hypotheses 
are introduced. Short and extended beams are considered. The ratio of beam 
length to cross-sectional dimensions in calculating shear deformations of short 
and long beams is evaluated. 

Keywords: beam; bending; porosity; shear; construction mechanics, safety of 
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Abstract.  The problem of applying an algorithm for ranking scientists by 

indicators of their scientific activity, which is more advanced than the Hirsch 
index, continues to be relevant for Russian and foreign scientists. The article 
considers the most frequently occurring case of ranking a team of scientists with 
equal values of the Hirsch index for various arrays of publications and their 
citations.  

The purpose of the study is due to the existence of more advanced approaches to 
evaluating the effectiveness of the publication activities of scientists, allowing 
ranking in cases where the Hirsch index is not applicable to a group of scientists 
because of its equality for each of them.  
To date, a number of modifications have been proposed that make it possible to 
neutralize one or another disadvantage of the Hirsch index. Among them is the 
algorithm for constructing the GHP-index, which takes into account all the 
author's publications and all their citations. The proof of its applicability in the 
work is based on a special structured source array of information about the 
scientific activity of a scientist. To do this, the information is structurally presented 
in the form of citations of all publications of the following three matrices: the first 
follows from the construction of the Hirsch index; the second contains part of the 
citations of publications that participated in the formation of the Hirsch matrix, 
but were not included in it; the third includes all citations that were not included in 
the first two. The algorithm for constructing the index is based on the calculation 
of the Euclidean norm of three citation matrices.  

Using the selection from the RSCI (Russian Science Citation Index) of scientists 
with equal Hirsch index, authors show the possibility of avoiding the danger of 
poor-quality assessments of their creative activity. The algorithm makes it possible 
to significantly reduce the risk of erroneous ranking of scientists based on the 
results of their creative activity, performed with the help of the Hirsch index widely 
used in scientific circles. 

Keywords: index; citation; scientific papers; scientist; creative activity; vector 
components; Euclidean norm; square; rating 
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