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Anomauin

Posensinymo  cyuacni nanpsamu 6UKOPUCMAHHA HPOMUCTOBUX GIOX00I8 ) SUPOOHUYMEI BaANCKUX OemoHis.
HpoaHani306aH0 MOACTUBICIND 3ACmoCy6anHs 30J10UIAKOBUX Mamepiaflie, 30JU-6UHOCY MEeNnio6uUx €ﬂ€KmpOcmaHuiﬁ,
MemanypeiiiHux WaAaKie ma iHuux mexHo2eHHUX Pecypcie K MIHepaibHux 000asok i 3anoeniosauie. OOIPYHMOBaHo ixXHill
6NIUG HA (DI3UKO-MEXAHIUHI 61ACMUBOCMI OEMOHY, CIMPYKMYPY YEeMEHMHO20 KAMEHIO Ma 008208IMHICMb KOHCMPYKYIL.
Tlokazano exoHOMIUHY ma eKoA02iuHYy OOYIIbHICMb YACMKO80I 3aMIiHU MPAOUYIHOI CUPOSUHU TNPOMUCTOBUMU
gioxooamu.

Koarouosi ciioBa: Baxxkuii 0€TOH, TPOMUCIIOBI BiJIX0/HM, 30J1a-BHHOC, 30JI0IIIAKOBI MaTepiaiy, akTHBHA MiHEpaJIbHa
no0aBka, NUIAK, [IEMEHT, CTPYKTypa OCTOHY.

Abstract

Modern directions for the use of industrial waste in the production of heavy concretes are considered. The possibility
of using ash and slag materials, fly ash from thermal power plants, metallurgical slags, and other technogenic resources
as mineral additives and aggregates is analyzed. Their influence on the physical and mechanical properties of concrete,
the structure of the cement stone, and the durability of structures is substantiated. The economic and environmental
feasibility of partially replacing traditional raw materials with industrial waste is demonstrated.

Keywords: heavy concrete, industrial waste, fly ash, ash and slag materials, active mineral additive, slag, cement,
concrete structure.

Introduction

One of the priority directions for the development of modern construction materials science is resource
conservation and the incorporation of secondary raw materials into the production of heavy-weight concrete.
Significant volumes of industrial waste accumulating in Ukraine create an ecological burden and require
rational utilization. Every year, billions of tons of secondary materials accumulate in landfills, a significant
portion of which can be used in construction [1]. Incorporating waste from the energy, metallurgical, and
chemical industries allows not only for a reduction in the volume of construction waste but also for cutting the
consumption of natural resources and energy in the production of heavy-weight concrete. According to
research, the use of secondary resources makes it possible to reduce the cost of construction materials by 10-
30% compared to their production from natural raw materials [1-3].

For heavy-weight concrete, this issue is particularly relevant, as its production is associated with
significant consumption of cement and natural aggregates. Therefore, research into directions for utilizing
industrial waste within the composition of heavy-weight concrete is scientifically and practically justified.

Research results

Heavy-weight concrete is characterized by an average density exceeding 2200 kg/m? and is used in critical
load-bearing structures. Its main components are cement, coarse and fine aggregates, and water. Partial
replacement of individual components with technogenic materials allows for the modification of the concrete
structure and the improvement of its operational properties.

One of the most common waste products is fly ash from thermal power plants. It can be used as an active
mineral additive or as a finely dispersed aggregate. The use of fly ash in cement systems facilitates the
formation of additional calcium hydrosilicates due to the pozzolanic reaction, which increases the density and
durability of the concrete [5-9].

Replacing a portion of cement with fly ash leads to a reduction in shrinkage deformations due to the
decreased water demand of the concrete mixture. By sorbing soluble alkalis from hydrated cement, fly ash
participates in the formation of stable, water-insoluble hydroaluminosilicates [5-7]. Using fly ash as an active
mineral additive helps increase the chemical resistance of cement concretes. A moderate content of fly ash in
the mixture increases the water tightness of the concrete, which is due to the hydraulic properties of the fly



ash, the improvement of the particle size distribution of the concrete mixture, and the reduction of the open
porosity of the concrete.

The physical and mechanical properties of fly ash are as follows: a) hydraulic activity R« = 0,4$ MPa; b)
bulk density pnza = 1150$ kg/m3; true density pza = 1,95 g/cm?; specific surface area Sspec = 2000...3000 cm?/g.
The chemical composition of the fly ash from the Ladyzhyn Thermal Power Plant is presented in (Table 1)
[12].

Oxides SiO; | TiO; | ALO, | FEO | MgO | MnO | CaO | Na:O | KO | SOz | P2Os
Mass
fraction
of oxides, | 55,3 1,4 | 2234 | 542 | 252 | 0,12 | 59 | 0,75 | 2,46 | 0,38 | 0,33
%

according
to data

Table 1. Chemical composition of fly ash from the Ladyzhyn Thermal Power Plant

Table 1 indicates that the chemical composition meets the primary requirements for fly ash used in heavy-
weight concrete.

Research shows that the inclusion of fly ash at 10-20% of the binder mass allows not only for a reduction
in the consumption of expensive Portland cement but also for achieving concrete with the required strength
characteristics through the optimization of the particle size distribution and densification of the structure [10].
It has been established that mechanical and chemical activation of fly ash significantly increases its reactivity
and intensifies the structure-formation processes of heavy-weight concrete. This is due to the destruction of
the inert vitreous shell of the ash particles, which opens access to the internal active phases and enhances the
micro-filling effect in the concrete structure [6].

Another promising direction is the use of metallurgical slags as aggregates or components of binder
systems. Metallurgical slags are characterized by sufficient strength, wear resistance, and composition
stability. With a rational selection of the particle size distribution, they can partially replace natural crushed
stone in heavy-weight concrete, ensuring the required strength and durability indicators [7].

The use of complex active mineral additives based on industrial waste allows for a denser microstructure
of the cement stone. Studies have established that combining fly ash with alkaline or aluminoferrite
components facilitates the intensification of hydration processes and the formation of additional crystal
hydrates [3-5].

Thus, industrial waste in the composition of heavy-weight concrete can perform several functions: as an
active mineral additive, a micro-filler, and a partial aggregate substitute. Its application allows for the
regulation of the material's structure, density, strength, and durability.

The environmental component is also an important aspect. Reducing the extraction volumes of natural
aggregates and cutting CO- emissions aligns with modern principles of sustainable development. The rational
use of technogenic resources contributes to the formation of closed-loop technological cycles in the
construction industry.

Conclusions

Therefore, the conducted analysis confirms that the use of industrial waste in the production of heavy-
weight concrete is a technically justified, economically viable, and ecologically necessary direction for the
development of modern heavy-weight concrete preparation. The incorporation of thermal power plant fly ash
as an active mineral additive ensures the densification of the heavy-weight concrete structure, increased water
tightness, corrosion resistance, and durability, while also allowing for a reduction in Portland cement
consumption without a loss of strength. Metallurgical slags and other technogenic materials can be effectively
used as alternative aggregates, providing the necessary physical and mechanical indicators for heavy-weight
concrete. Complex mechanical or chemical activation of waste intensifies hydration processes and contributes
to the formation of a denser and more stable microstructure. Thus, the rational use of industrial waste allows
for the simultaneous reduction of the cost of heavy-weight concrete, a decrease in the consumption of natural
resources, and a reduction in the environmental burden, which aligns with the principles of resource
conservation and the sustainable development of the construction industry.
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