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Abstract. In accordance with the Order of the Rector of TulSU O.A.
Kravchenko on June 29-30, 2023, the 24th International Scientific and Technical
Conference "Actual problems of construction and the construction industry" was
held at Tula State University. The conference was held in a mixed format (in
presence and in absence with publication in the collection of works of the



Conference formats). The traditional conference was organized as part of the
strategy for the development of the construction industry and housing and
communal services of the Russian Federation for the period up to 2030, as well as
within the framework of the Priority 2023 program. The organizers of the
conference were: the Ministry of Education and Science of the Russian Federation,
the Russian Academy of Architecture and Building Sciences, as well as the Federal
State Budgetary Educational Institution of Higher Education "Tula State
University". The conference has been held since 2000 with the aim of popularizing
construction science and discussing the problems of the construction industry and
education in general, attracting young people to scientific activities. During the
conference, modern problems of building science in the field of technology of
building materials, products and structures, the theory of designing buildings,
structures, individual structures and their operation, as well as the problems of
modern higher education in the direction of "Construction” were discussed.
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Abstract. This article discusses the main results of the VIII International
Symposium "Actual problems of computer modeling in civil engineering".
Symposium held in Tambov in the Tambov State Technical University under the
auspices of the Russian Academy of Architecture and Construction Sciences
(RAACS) from May 17 to May 21, 2023.
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Abstract. Road safety depends on the condition of the road surface and
roadsides. To strengthen roadsides, waste is used when milling non-rigid type
pavements. Achieving the maximum density of the compacted material is possible
provided that a certain ratio between the tensile strength and stresses in the contact
zone of the working body of the compacting machine is ensured. In the article, the




dependence of the tensile strength, layer deformation and compaction coefficients of
the asphalt granulate layer on the load, thickness and size of the fractions during
compaction are obtained. The obtained dependencies can to be used in modeling
technological processes for the construction of road structures with the required
strength characteristics.

Keywords: asphalt granulate, load; deformation, sealing, roadside

FUNCTIONAL AND COST ANALYSIS OF THE TECHNOLOGY
OF DRIVEN PILES

© The Author(s) 2023 BAIBURIN Albert Khalitovich
Doctor of Technical Sciences, Professor of the
Department of Building Technologies and Structural Engineering
South Ural State University (National research university)
(Russia, Chelyabinsk, e-mail: abayburin@mail.ru)
TOLKYNBAYEYV Temirkhan Anapiyevich
Doctor of Technical Sciences, Professor of the Department of Construction
L.N. Gumilyov Eurasian National University
(Republic of Kazakhstan, Astana, e-mail: temtoll 961 @mail.ru)
KOCHARIN Nikolay Vitalievich
Senior Lecturer of the Department of Building
Technologies and Structural Engineering
South Ural State University (National research university)
(Russia, Chelyabinsk, e-mail: kocharinnv@susu.ru)

Abstract. The article examines the technological process of pile work in order
to improve the technology using the methodologies of VA(VE) and TRIZ. The
article shows the features of the implementation of the VA(VE) stages and
functional-ideal modeling (folding), taking into account the specifics of
construction technologies. The priorities for the winding down of operations have
been determined following the structural and functional analysis and cost
estimation. The undesirable outcomes of each operation are formulated. A chain of
shortcomings of the existing technology has been compiled. After the FIM
procedure, the technology of 3D positioning of a mobile installation with
automatic movement control and pile immersion is proposed. The new technology
makes it possible to eliminate the operations of splitting the pile field, pre-laying
piles, and a number of other undesirable effects. At the same time, additional super
effects appear, allowing the bridge installation to be converted into a universal
construction manipulator for the construction of a zero cycle.
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Abstract. The development of composite modifiers with ‘“core—shell”
structure by deposition of TiO, on mineral substrates (dispersed carriers) is
important direction for improving the efficiency of titanium oxide photocatalysts
for cement systems. Foreign and domestic experience in obtaining such composite
modifiers shows the primary influence of the type of photocatalytic agent carrier
on the final parameters of the synthesized material. It is worth noting that for
qualitative assessment of the substrate effectiveness, it is necessary to have data on
the composition, structure parameters, and physico-chemical properties of the
mineral raw materials used, including its activity in cement systems. The purpose
of this study was to establish the patterns of influence of the composition and
structure parameters of 4 mineral modifiers on their activity in cement material
(fine-grained concrete) with the identification of the most promising raw materials
for dispersed carriers of photocatalytic agents in “core-shell” compositions. The
study results showed that an increase in the specific surface area and SiO; content
in the composition, along with a decrease in the crystallinity degree of structure,
contribute to an increase in the modifier reactivity. It was found that silicon and
aluminosilicate mineral additives, such as silica fume and metakaolin, are the most
effective in cement systems. At the same time, the revealed physico-chemical
features of these modifiers (high dispersity of particles, predominance of active
forms of silica and alumina in the structure and, as a consequence, increased
activity) indicate the prospects of their use in the formulation of self-cleaning
cement materials as mineral substrate for photocatalysts.

Keywords: “core — shell” photocatalytic system; titanium dioxide;
photocatalyst substrate; self-cleaning cement material; mineral additive; specific
surface area; phase composition, degree of crystallinity, reactivity; activity index
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Abstract. The study is relevant due to the need to ensure the competitiveness
of construction enterprises against the background of significant changes in the
factors of the external and internal environment occurring in modern conditions.
Current realities require focusing efforts on working out the stages of formation of
competitive advantages of enterprises in the construction sector as one of the key
sectors of the national economy. During the course of the study, the distinctive
characteristics inherent in the construction industry are scrutinized, the crucial
factors that influence the competitiveness of construction enterprises are identified,
the primary avenues for ensuring competitiveness are identified, an efficient
quality management tool is selected, and an algorithm for generating a program to
guarantee competitive advantages of enterprises in this industry are developed.
The aim of the work is to develop successive stages (algorithm) of the program to
ensure the competitive advantages of a construction company in modern
conditions by using one of the seven new quality management tools. The main tasks
include analyzing the current operating conditions of construction enterprises,
considering the particulars of the sector, identifying the key areas for ensuring
competitiveness, and constructing a graphic representation of the program to
guarantee the competitive advantages of a construction firm. As a result of this
research, a graphical model of the main stages of the development of the program
of competitive advantages of a construction organization has been developed
based on the diagram of the program implementation process (PDPS).

Keywords: construction; competitiveness, quality; factors;, uncertainty,
external environment, internal environment, modern conditions; stages,; diagram
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Abstract. The article is devoted to the development of a new promising binder
based on Portland cement, which meets the modern requirements of building
material science in terms of ensuring the biocidal properties of building materials
(concrete, masonry and plaster mortars, dry building mixtures), which is very
relevant in the operation of external enclosing structures of buildings and
Structures.
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Abstract. The article presents the outcomes of enhancing the test setup for
thermophysical research and investigating the fire resistance of flat products. The
new technical solution relates to the field of thermophysical research of building
products and electrical testing equipment and can be used in electrical resistance
heaters for heat testing of flat building products, resisting high temperature
(1000+50 °C) standard fire.

The main and essential component of the proposed technical solution to the
thermal physical problem of the fire resistance theory is the design and
manufacture of a lighter, more reliable, compact, safe, environmentally friendly
and economic test setup, using as the heater of the test article the electric
resistance panel with high efficiency (75+95)%.

To improve technology and save money, we change the test setup from being
dangerous for explosions and fires to being safe for moderate fires. This means we
can control the temperature rise and heat of the test article more accurately. We



also reduce the size of the test unit by about 100 times. We also make it smaller by
4 to 10 times. This makes the plant 2.5 to 3 times more efficient and saves on labor.

Keywords: fire resistance of buildings; flat products; thermophysical
research; fire resistance of products; improvement of the test installation, features
of the heater installation, electrical resistance panel; novelty of the installation
elements, essence of the technical solution; technical level; fire category of
installation, technological result, economic effect; inventive level
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Abstract. The paper presents the results of modifying lightweight concretes on
foam-glass-crystalline aggregate due to the simultaneous introduction of additives
of micro- and nanosilica. Their main role may be to bind portlandite and compact
the hardening composition, especially the transition zone from mortar to
aggregate.

The effect of nanosilica in the amount of 0.001-0.025% wt. and microsilica -
4-12% wt. from the consumption of Portland cement. Microsilica MK-85 produced
by OAO Kuznetsk Ferroalloys and silica sol produced by the Scientific and
Technical Center Compass (Kazan) were used. The binder was Portland cement
CEM I 42.5B. The KERWOOD GPSKM was used as a light filler. The developed
rough surface of the filler leads to an improvement in the adhesion of the cement
stone with it. The study of the microstructure of the granules showed that each
pore is surrounded by a sintered shell with a finely porous structure. Such a
structure of the filler leads to low water absorption of the granules and,
consequently, to high frost resistance of the composite made on its basis.

By mathematical planning of a two-factor experiment at three levels, the
optimal dosages of additives and their effect on the properties of lightweight
concrete (compressive strength, bending and average density), hardened under
heat-moisture treatment, were established. As a result of the modification of
lightweight concrete on foam glass-crystalline aggregate, structural and heat-



insulating concrete was obtained with a compressive strength of 9.3—14.6 MPa
and an average density of 958—1014 kg/m3.

Keywords: lightweight concrete; foam glass-ceramic aggregate; microsilica;
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METHODS FOR MEASURING THE EFFICIENCY OF THE SA-
CLEANING PROCESS IN PHOTO-CATALYTICALLY ACTIVE
BUILDING MATERIALS

© The Author(s) 2023 KIYKO Polina Igorevna
PhD Candidate
South Ural State University (National Research University)
(Russia, Chelyabinsk, e-mail: mspolly22@mail.ru)
CHERNYKH Tamara Nikolaevna
doctor of technical sciences, associate professor
South Ural State University (National Research University)
(Russia, Chelyabinsk, e-mail: chernykhtn@susu.ru)
SOZYKIN Sergey Anatolievich
candidate of physical and mathematical sciences,associate professor
South Ural State University (National Research University)
(Russia, Chelyabinsk, e-mail: sozykinsa@susu.ru)
ILINA Liliia Vladimirovna
doctor of technical sciences, professor
Novosibirsk state University of architecture and civil engineering
(Russia, Novosibirsk, e-mail: nsklika@mail.ru)

Abstract. The article describes the existing methods for measuring the self-
cleaning of photocatalytically active building materials. All methods are divided
into three main groups: changing the color of the organic dye on the surface;
changing the contact angle of a water drop on a surface with an organic coating;
changing the concentration of certain substances in water or air environments.
The first two groups of methods are described in detail. The main advantages and
disadvantages of existing test methods in the field of building materials' science
are described. The purpose of the experiment is a comparative analysis of the self-
cleaning ability of materials based on mineral binders by various methods,
according to the decomposition of the dyes of rhodamine B and methylene blue,
and by changing the contact angle of a water drop on a surface coated with oleic
acid. According to the results of the study, the following factors should be taken
into account: material characteristics (type of binder, color, structure, porosity);
irradiation conditions (power, wavelength interval); and characteristics, including
photochemical characteristics, of “pollutant” substances. To obtain qualitative
results of photocatalytic activity, it is important to use at least two different
methods.

Keywords: photocatalytic materials; self-cleaning; test methods for
photocatalytic efficiency, gypsum-cement-pozzolanic binder



INVESTIGATION OF PHYSICOCHEMICAL PROPERTIES OF
STORMWATER SLUDGE FOR USE IN THE PRODUCTION OF
LIGHTWEIGHT CONCRETE
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Abstract. In large cities, as in Russia as a whole, there are large-tonnage
wastes such as sewage sludge, which worsen the ecological situation of cities and
the country, which can be used in the production of building materials.

Most of the currently existing technologies of such highly efficient thermal
insulation and structural materials as lightweight concrete of reduced average
density require the use of expensive or technologically complex preparation of raw
materials (Portland cement, lime, ground quartz sand, etc.), which negatively
affects the cost and competitiveness of the material. One of the ways to solve this
problem is the use of local raw materials and man-made secondary resources in
the production of light concrete.

In this regard, it seems relevant to research on the replacement of ground
quartz sand in light concrete with dry sediment of storm sewage, which will not
only increase the efficiency of this material, but will also allow obtaining such
improved performance indicators as reduced thermal conductivity, density, with
slightly increased or the same strength of the material.

Keywords: humidity;, sewage sludge; chemical composition; filler; light
concrete; waste
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Abstract. The article presents the results of a study of modified paint coatings
with various nanoadditives.It is noted that with the binary introduction of carbon
nanotubes and bismuth oxide, the best results in adhesive strength and mechanical
strength are achieved. To optimize the composition of the nanomodified paintwork
material with the joint introduction of the composition with carbon nanotubes and



bismuth oxide, a three-factor experiment was carried out, as a result of which the
extremum of the response function was determined with the corresponding values
of the factors.The study of nanomodified coatings on a scanning electron
microscope made it possible to determine that coatings without nanosized
additives have a loose globular structure, however, when modified with
nanoadditives, the globules pass into a fibrillar state, and carbon nanotubes
actively interact with the paint material with the formation of a structure
according to the fractal mechanism.With the joint introduction of the optimal value
of bismuth oxide and carbon nanotubes, the formation of homogeneous fractal
structures is observed, uniformly reinforcing the entire composite.Based on the
selected recipe, recommendations and a flow sheet for the preparation of a binary-
modified paintwork material with bismuth oxide nanoparticles and a composition
based on carbon nanotubes were developed.

Keywords: paintwork materials; nanoscale additives; adhesive strength,
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Abstract. The article shows the importance of obtaining new data on the
strength and elastic-plastic properties of concrete and other cement composites.
Various methods of physical-mechanical testing are given. The method of indentor
compression to the surface of the sample from a more solid material is shown to be
one of the most efficient methods for evaluating the properties of materials. The
advantage of this method is that properties can be established on the same
specimens in operation at intervals. In this paper, the strength and resiliency
properties of the microstructural component of the concrete were determined on



the samples after their exposure in a temperate climate. The Hepplerconsistometer
was used in the research. On the example of the test of samples at surface points,
the nature of the change in hardness as well as the elastic properties of cement
composites, depending on their composition and the length of storage, is shown.
The authors found formulations with improved resistance.

Keywords: new-generation concrete; cement composites; microstructure;
physical-mechanical properties, hardness, elasticity; climatic resistance
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Abstract. The article discusses the effect of a complex additive
(superplasticizer "CemPlast" + sodium tetraborate + boric acid) on the strength
and corrosion resistance of cement stone. The superplasticizer, one component of
the additive, is responsible for a decrease in the water-cement ratio, which in turn
contributes to an increase in density and, consequently, an increase in the strength
and corrosion resistance of cement stone. The other components, boric acid and
sodium tetraborate, are responsible for a decrease in the water-cement ratio.
Boric acid and sodium tetraborate, initially bound by the components of the
cement stone, are formed again under the action of an aggressive medium on the
material and reduce the acidity of the medium, i.e. contribute to the preservation of
pH. At the same time, additives can reach the surface of a non-corroded material
and slow down its destruction. As a result of the study, the effectiveness of the
complex additive was revealed. It leads not only to an increase in the density and
strength of the cement stone due to a decrease in the water-cementratio but also to
an increase in acid resistance, both in relation to a stone without additives, and
containing only components of the buffer system, due to insufficient material
density and relatively fast consumption of the additive.
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Abstract. The building complex is important in the issue of energy saving.
One of the ways to reduce heat losses is to increase the resistance to heat transfer
of enclosing structures through the use of efficient and durable heat-insulating
materials. The building heat-insulating material foam glass potentially possesses
the corresponding set of properties. Improvement and optimization of its individual
properties is an urgent scientific challenge. An effective method for designing new
structures of materials and ways to create them are various methods of
mathematical modeling. When working with multicomponent raw materials for the
production of foam glass, it is difficult to analytically evaluate their combined
effect on the structure and performance properties, and therefore laboratory
studies are most widely used. The use of regression models to predict the
performance properties of charge compositions can significantly reduce the
number of laboratory experiments. The paper deals with issues related to the
development of a mathematical description of the degree of influence of various
additives in the charge on the performance properties of foam glass, in the form of
a set of mathematical models that provide the ability to predict the performance
properties of foam glass by its chemical composition. Nine charge compositions
for the synthesis of foam glass with certain chemical compositions have been
developed. Using X-ray phase analysis and microtomography, the parameters of
the microstructure were determined. porosity, thickness of the interpore partition,
the number of amorphous and crystalline phrases, as well as the components of the
latter - quartz, pyroxene, cristobalite, nepheline, eskolaite, wollastonite. Using
methods corresponding to GOST, indicators of thermal conductivity, density and
strength are determined. Using the Jupyter Notebook software environment and
the SciKit-Learn statistical analysis library in the Python programming language,



we developed and tested regression models. The analysis of the coefficients of the
regression equations and the calculated values of the modeling error was carried
out. The effectiveness of two-stage prediction based on the characteristics of the
microstructure, determined from the data on the chemical composition, is
substantiated, moreover, on the basis of models that consider not only individual
factors, but also their pair combinations.

Keywords: thermal insulation materials; foam glass; regression analysis; x-
ray phase analysis;, microtomographic analysis;, chemical composition;
microstructure, operational properties

MANAGEMENT OF THE LIFE CYCLE OF A CONSTRUCTION
FACILITY STEADY STATE

© The Author(s) 2023 FEDOSOYV Sergey Viktorovich
Academician of the RAACS, Dr. of Technical, Prof.
National Research Moscow State University of Civil Engineering
(Russia, Moscow, e-mail: fedosovsv@mgsu.ru)
FEDOSEEYV Vadim Nikolaevich
Dr. of Technical, Professor of the Department "Organization of production
and urban economy"
Ivanovo State Polytechnic University
(Russia, Ivanovo, e-mail: 49324213 18@mail.ru)
ZAYCEVA Irina Alexandrovna
Candidate of Technical Sciences, Associate Professor of the Department
"Organization of production and urban economy"
Ivanovo State Polytechnic University
(Russia, Ivanovo, e-mail: 75zss@rambler.ru)
VORONOYV Vladimir Andreevich
Candidate of Technical Sciences, Associate Professor of the Department
"Organization of production and urban economy"
Ivanovo State Polytechnic University
(Russia, Ivanovo, e-mail: 49324213 18@mail.ru)

Abstract. The current economic transformation involves the transition to a
digital platform across almost all areas of activity and sectors, including
construction. Modernization of the construction industry requires a completely
different approach to the definition of conceptual scientific and practical
provisions of the construction organization. The article presents the results of
research conducted in domestic and foreign experience, which confirm the high
scientific potential for improving theoretical and practical knowledge in the field
of life cycle management of construction objects. The article presents the concept
of "71" directions of development and modernization of the construction industry in
the digital economy. It also talks about the priority of strategic goals, which are
identified as a star of efficiency and quality of management of the life cycle of
construction objects. The article substantiates triune content of the life cycle of the
construction object as an asset, business, project. Based on the proposed key
conceptual provisions, the article formulates an opinion on the life cycle
management of steady-state construction facilities from the perspective of
increasing energy efficiency and environmental safety of human activities in order



to ensure sustainable development. Application of information modeling
technologies, analysis of scientific researches in the management of life cycle of
construction objects are needed to develop a fundamental methodology that will
generalize previously advanced and new concepts, find alternative ways to create
and modernize of innovative technologies in the construction industry.
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Abstract. The article describes a method of experimental research based on
testing damaged bent reinforced concrete elements in the zone of pure bending. A
test procedure was developed based on the use of an accelerated electrochemical
method of damage to the element. In the course of the study, the physical and
mechanical characteristics were determined and deformation diagrams of
auxiliary concrete and reinforcement samples were constructed, the parameters of
damage to steel reinforcement of the stretched zone, such as a reduction in cross-
section and degradation of the material, were analyzed. Various control and
measurement methods were used to assess the degree of damage and determine the
strength characteristics of the samples. The results of experimental studies made it
possible to construct diagrams of deformations along the cross-section height of
elements, deformations of the compressed and stretched zomes of the series
elements along the faces, experimental moment-deflection diagrams, to identify the
nature of corrosion processes, cracking and destruction of the element, which
showed the degree of influence of the chloride aggressive environment on damage



to the reinforcement and to determine the parameters that lead to deterioration of
the bearing capacity and to increase the deformability of reinforced concrete
elements. The data obtained are valuable for damage assessment, development of
methods for reconstruction and reinforcement of reinforced concrete structures
exposed to chloride aggressive environment.

Keywords: reinforced concrete elements; chloride environment, corrosion;
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Abstract. The results of a fractal analysis of experimental data on the
dependence of the stress intensity coefficient of cement concrete under tension on
the water-cement ratio, type of filler; duration of hardening; grain size of filler
and filler are presented.

The possibility of applying the Mandelbrot-Richardson law to describe the scale
invariance of structural and mechanical parameters of cement concrete is shown.

Keywords: concrete; fractal; fracture toughness, stress intensity coefficient;
fracture mechanics
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