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10.6 ХАЛЫҚАРАЛЫҚ КОММЕРЦИЯЛЫҚ АРБИТРАЖ ЖӘНЕ ЦИФРЛАНДЫРУ 
ЖАҒДАЙЫНДАҒЫ ХАЛЫҚАРАЛЫҚ ЖЕКЕ ҚҰҚЫҚ

1558. Акынов Д.М. Правовые механизмы обеспечения 
исполнения обязательств 
государствами-членами ЕАЭС

6657

1559. Ануарбек А. Применение блокчейн-технологий в 
международном коммерческом 
арбитраже: правовые вызовы и 
перспективы

6661

1560. Жаксылыков К.К. Особенности правового регулирования 
отношений, возникающих из 
международного договора купли-
продажи товаров

6665

1561. Каримова Ф.Х. Защита персональных данных в 
международном частном праве

6669

1562. Мирзоева М.М. К вопросу о сущности деловой 
репутации

6675

1563. Раджабов М.Д. Трудовые права иностранных граждан в 
международном частном праве

6679

10.7 ХАЛЫҚАРАЛЫҚ ЭКОЛОГИЯЛЫҚ ҚҰҚЫҚ ЖӘНЕ БҰҰ-НЫҢ ТҰРАҚТЫ ДАМУ МАҚСАТТАРЫ

1564. Ануарбек А. Международное экологическое 
правосудие: теоретические основы и 
практические аспекты

6683

1565. Burieva M.S. The role of international organizations in 
regulating the use of water resources of 
transboundary rivers and lakes

6687

1566. Nasreddinzoda N. The role of regional organizations in 
achieving the SDGs: international legal 
aspects

6691

1567. Шалгымбаева А.Н. Комиссия международного права ООН: 
регулирование экологических аспектов 
вооруженных конфликтов

6693

СЕКЦИЯ 11
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Introduction 

Modern requirements for reinforced concrete structures in the Republic of Kazakhstan demand 

that construction materials simultaneously achieve high strength, durability, and environmental 

sustainability while remaining economically efficient. In this context, the use of industrial waste as 

composite additives in concrete mixes is becoming increasingly relevant. 

 

 
 

          Fig 1. Modern requirements for reinforced concrete structures 

 

This approach addresses several challenges. Firstly, it reduces the costs associated with storing 

and disposing of large volumes of fly ash, metallurgical slags, red mud (RM), circulating fluidized 

bed fly ash (CFB fly ash), as well as construction and glass cullet wastes. Secondly, it enhances the 

operational properties of concrete—such as strength, frost resistance, and impermeability—due to the 

pozzolanic or hydraulic activity of these wastes. Moreover, partially replacing cement and natural 

aggregates with secondary resources lowers the carbon footprint and encourages the implementation 

of circular economy principles. 

However, several unresolved issues remain, such as the optimal selection of composite additive 

formulations, accounting for the chemical and mineralogical characteristics of industrial waste, and 

evaluating its interaction with the cement matrix under specific climatic conditions. Additionally, a 

scientifically substantiated regulatory framework is necessary to standardize the use of these wastes 

in accordance with environmental requirements and long-term durability. 

Kazakhstan has already accumulated significant experience in this field, which confirms the 

effectiveness of “green” technologies and zero-waste production. National support for this direction 

aligns with global trends in reducing CO₂ emissions and conserving natural resources. Future 

development will require in-depth research into the properties of industrial waste, the formulation of 



6871 

 

self-compacting and other advanced mixes—including lightweight concretes—and the transfer of 

technology between research institutions and industry. 

 

Thus, incorporating secondary raw materials into concrete production not only improves the 

quality of reinforced concrete structures but also reduces environmental impacts. This work aims to 

analyze the potential of using industrial waste as modifying additives in concrete mixes and to 

evaluate their influence on the key physical and mechanical properties of reinforced concrete 

structures, including strength, frost resistance, and impermeability. 

 

Literature Review 

Research on the use of industrial waste as modifying additives in concrete has been actively 

pursued both internationally and in Kazakhstan [5–8]. Numerous studies have demonstrated that 

incorporating fly ash, metallurgical slags, glass cullet, construction debris, phosphogypsum, oil ash, 

and other secondary materials into cement composites can significantly improve mechanical 

properties, durability, and resistance to aggressive environments. 

Fly Ash and Slag-Based Materials. 

Fly ash, generated during coal combustion in thermal power plants, and related slag products 

are key components due to their high silica and alumina content. This results in excellent pozzolanic 

activity, which densifies the cement paste, reduces porosity, and enhances the corrosion resistance of 

concrete [5]. 

 

Fig 2. Fly Ash in Modern Construction Mixes 

 

Metallurgical slags, particularly granulated blast-furnace slag, also offer significant benefits by 

reducing heat evolution during cement hydration and improving strength. However, their 

effectiveness largely depends on their chemical composition and fineness, necessitating further 

standardization [6]. 

https://nflg.ru/stati/post/primenenie-zoly-unosa-v-stroitelstve
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Fig 3. Metallurgical Slags 
 

 Glass Cullet.  

Finely ground glass cullet exhibits pozzolanic properties that enhance the strength and density 

of concrete. It is crucial, however, to control the alkali–silica reaction by regulating the mix 

composition and cement alkalinity [7]. 

 

 
 

Fig 4. Glass Cullet 

 

Construction waste (crushed concrete or bricks) serves as a secondary aggregate, reducing the 

consumption of natural sand and crushed stone, but its heterogeneous composition complicates 

universal application approaches [8]. As for phosphogypsum, oil sludge and other chemical wastes, 

studies indicate their ability to improve the water and corrosion resistance of concrete, provided that 

environmental and sanitary risks are carefully analyzed. 

https://mmetalloprom.ru/info/articles/metallurgicheskie_shlaki_i_ih_primenenie/
https://mmetalloprom.ru/info/articles/metallurgicheskie_shlaki_i_ih_primenenie/
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Fig 5. Phosphogypsum in Concrete Mixes 

 

According to international research [9–10], the key to the effectiveness of these industrial 

wastes lies in their pozzolanic activity and compatibility with the cement matrix. Research conducted 

in Kazakhstan emphasizes the need for comprehensive evaluation of the long-term durability of 

concrete with such additives under variable temperatures, aggressive environments, and dynamic 

loading. 

In addition to individual components, there is growing interest in self-compacting concrete 

(SCC). In SCC, red mud (RM) can serve as a viscosity-modifying agent (VMA), while circulating 

fluidized bed fly ash (CFB fly ash) can act as an additional cementitious material (SCM), reducing 

the reliance on Portland cement and lowering the carbon footprint. This balanced approach has been 

shown to improve not only strength and frost resistance but also the corrosion resistance of the 

concrete. 

 
 

Fig 6. Self-Compacting Concrete (SCC) with Industrial Additives 

 

Despite these advances, issues remain regarding the optimal combination of different waste 

materials and the influence of particle fineness on hydration processes. It is also essential to consider 

the environmental, economic, and technical aspects of using industrial waste in concrete, 

necessitating further refinement of standards and methodological guidelines. 

 

Problem Statement 

The construction sector in Kazakhstan requires a systematic approach to the use of industrial 

waste, taking into account its mineralogical composition, pozzolanic activity, and influence on the 

https://tehnobeton48.ru/stroitelyu/samouplotnyayushchijsya-beton?utm_referrer=https://www.google.com/
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rheological properties of concrete mixes. A critical concern remains the environmental and sanitary 

risks associated with the possible presence of harmful impurities. The lack of sufficient long-term 

data on the behavior of modified concrete under variable temperatures, aggressive environments, and 

dynamic loads hinders the widespread implementation of secondary raw material recycling 

technologies. 

Addressing these challenges requires comprehensive analysis, experimental validation, and the 

development of unified standards that include testing for compressive strength, frost resistance, 

impermeability, and corrosion durability. 

 

Types of Industrial Waste Used in Kazakhstan 

A wide range of industrial waste types—differing in origin and chemical-mineralogical 

characteristics—are currently used or being considered for use in Kazakhstan’s construction sector: 

 

Table 1. Types of Industrial Waste Used in Kazakhstan 

 

Type of Waste Source Primary Application 

Fly ash and ash-slag 

mixtures 
 

Thermal power plants 

(TPPs) 

Pozzolanic additives; 

increased frost and corrosion 

resistance 

Metallurgical Slags Metallurgical plants Mineral powder and active 

filler; enhancement of concrete 

strength 

Phosphate industry waste Phosphate plants Binder components; mix 

composition adjustment 

Oil refining waste 
 

Oil refineries 
 

Modification of cement 

composites, improvement of 

water resistance 
 

Alumina and siliceous 

waste 
 

Aluminum plants 
 

Increased density and 

corrosion resistance of concrete 
 

Construction and 

demolition waste 
 

Construction sites, 

building demolitions 
 

Secondary aggregate; 

reduced consumption of natural 

materials 
 

Glass industry waste 
 

Glass factories 
 

Active silica-based 

additive; improved cement paste 

structure 
 

Phosphogypsum 
 

Chemical industry 
 

Alternative gypsum 

component; stabilization of 

concrete mix compositions 
 

 

Integrating these materials into concrete mixtures not only helps reduce production costs but 

also lowers pressure on natural resources. However, it is crucial to account for their chemical 

composition, the presence of impurities, and specific activation methods—mechanical, chemical, or 

thermal. 

 

Development of Composite Additives 

The process of developing composite additives based on industrial waste includes the following 

key stages:  

Selection of components based on their chemical, mineralogical, and rheological properties.  

Optimization of mix design with regard to the physical and mechanical structure of the concrete 

(strength, frost resistance, impermeability). 
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Environmental evaluation aimed at reducing CO₂ emissions and ensuring the safe utilization of 

waste materials. 

Activation of waste through mechanical, chemical, or thermal treatment to enhance pozzolanic 

activity and achieve synergistic effects. 

Particular attention is paid to self-compacting concrete (SCC), where red mud (RM) may act as 

a viscosity-modifying agent (VMA), and circulating fluidized bed fly ash (CFB fly ash) as a 

supplementary cementitious material (SCM). This combination makes it possible to reduce Portland 

cement consumption and increase mix workability without compromising strength and durability. 

 

Conclusion 

The incorporation of industrial waste into concrete mixes offers broad prospects for resource 

conservation, environmental safety, and increased durability of reinforced concrete structures in the 

Republic of Kazakhstan. Key advantages include: Strengthening the cement matrix, improving 

compressive strength, frost resistance, and impermeability; Reducing costs through partial 

replacement of cement and natural aggregates; Lowering CO₂ emissions and minimizing the volume 

of industrial waste disposal; Supporting the development of a green economy and circular 

construction technologies. 

To advance this direction, the following measures are essential: In-depth studies on the long-

term durability of concrete modified with various types of secondary raw materials; Improvement of 

waste activation techniques, including for SCC technologies; Development and updating of 

regulatory and technical documentation tailored to Kazakhstan’s environmental and production 

conditions. 

The implementation of these measures will strengthen the competitiveness of Kazakhstan’s 

construction sector and facilitate the transition to waste-free and environmentally friendly production. 
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