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Abstract. The objective of this research is to explore potential
opportunities for utilizing secondary resources in the road construction, and
construction of agricultural facilities, considering the changes in their
technical and consumer attributes over the lifespan of used materials and
their ecological impact. This study examines the challenges associated with
implementing innovative materials, such as fiber-reinforced concrete and
low carbon materials in the road and agricultural industry. Taking into
account generally accepted indicators for assessing the properties of
materials, a method based on a separate analysis of regulatory and
methodological support for the construction preparation process was
applied. The main tool for influencing the design process is the formalization
of requirements for preparing design documentation, which involves the use
of innovative building materials. These requirements need to be
consolidated in the form of an improved mechanism for introducing
innovations, providing for the expansion of possible areas of application of
innovative materials, taking into account their technical and cost
characteristics. The article is recommended to a wide range of specialists in
civil, agricultural and road construction, as well as environmental
engineering.

1 Introduction

In recent years, there has been an active update and improvement of designs and technologies
for the construction of transport infrastructure facilities. This allows us to simultaneously
reduce labor intensity, shorten construction time, improve the quality, reliability and
durability of structures, which is indirectly confirmed by various types of analysis [1,2]. This
is facilitated by the production of modernized and efficient building materials and the
introduction of technological innovations. Considerable experience has been accumulated
indicating that secondary materials and accumulated industrial by-products can also be
effectively used in the road sector with appropriate feasibility studies (slag, plastic, polymers,
rubber) [3].
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It is known that the leading material in the construction of almost any type of real estate,
regardless of its purpose, size, shape and type, is concrete. The use of production waste in
effective building materials, such as concrete, solves the issue of reducing construction costs
and provides standard indicators for the level of quality of manufactured products. Among
the concretes that belong to new types and are actively being introduced in the construction
of transport infrastructure, it is worth highlighting fiber-reinforced concrete, the composition
of which includes fibrous materials of various types (steel or non-metallic) [4,5,6]. The use
of fiber in concrete provides concrete with higher performance in such characteristics as
tensile strength, bending, shear, impact and fatigue strength, crack resistance, frost resistance,
water resistance, heat resistance and fire resistance. In addition, the distinctive features of
fiber-reinforced concrete are high levels of anisotropy and discreteness. The effectiveness of
fiber-reinforced concrete is achieved both by the correct combination of the properties of its
constituent components, and by the correct company policy on the use of innovative materials
[7].

Research activities focusing on a comprehensive investigation of the properties of
dispersed reinforced concrete are being actively pursued in many countries [8]. By studying
international practices, taking inspiration from the methods described in references [9-11], it
is evident that fiber-reinforced concrete is commonly employed in various practical
applications. These include the construction of equipment foundations that experience
dynamic loads, road construction for bridges, roads, and tunnels, the development of offshore
platforms, the construction of industrial building floors, and tunnel linings [12,13].

The use of fiber-reinforced concrete in Russia is not currently as widespread as abroad,
but potentially has great prospects. In industrial and civil construction, polymers reinforced
with various types of fiber are used in enclosing elements of buildings and structures. The
cluster use of fiber-reinforced concrete in structures such as walls, partitions, ceilings,
coatings, floors, special-purpose structures, pipes, channels, trays, tongues, rings and tubings
has good performance properties [12]. New materials have proven themselves positively in
road construction during the implementation of large projects. They are used as permanent
formwork in the construction of bridges, which can significantly simplify and speed up the
process of pouring structures. In addition, for bridge deck slabs of different thicknesses and
different spans between the main beam trusses, the supporting part can be formwork made
of fiber-reinforced concrete. The formwork has good compatibility with concrete, thanks to
which it is an integral part of monolithic concrete structures. The degree of strength when
exposed to chemicals is also high, which facilitates the possibility of using this material in
the construction of waterproof coatings, drainage trays and local treatment facilities [14,15].

2 Materials and methods

In the road sector, self-compacting and fine-grained fiber-reinforced concrete based on metal,
polypropylene fiber and industrial waste have wide application prospects. They have the
ability to fill the mold even in densely reinforced structures and are compacted under the
influence of their own weight, without the use of vibration compaction. This type of concrete
reduces construction time, while ensuring high quality surfaces of products, reducing noise
levels and additional processing.

The quality indicators of fiber-reinforced concrete depend on the structure and shape
of the grains, density, hardness and strength, and depend on both the chemical composition
and the mineralogical composition of the filler. The prospect and effectiveness of improving
the structure of fiber-reinforced concrete lies in the widespread use of various organic and
inorganic additives. Modifying additives affect the processes of hydration and crystallization,
i.e., the structure of solid cement stone and change the properties of concrete. The range of
additives used is very extensive. The most common are fly ash (ash and slag material - a by-
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product of coal combustion), microsilica, metakaolin, which bind calcium oxide hydrate into
calcium hydrosilicates during cement hardening. Due to this, the strength and durability of
concrete increases significantly. The use of these additives is effective in combination with
hyperplasticizers and fibrous materials [16-18].

Experimental studies are necessary to understand the properties of self-compacting
fine-grained concrete reinforced with metal, polypropylene fibers, and production waste.
These studies help determine the fundamental laws and processes involved in forming the
structure of fiber-reinforced concrete using these materials. Along with this, it is considered
highly effective to develop a fiber-reinforced concrete composition with the inclusion of
production waste, which has high physical and mechanical characteristics, and to obtain a
composition that has mass demand and consumption in the construction market due to the
high homogenization of the mixture components [19].

Analysis of data in accordance with technical literature and data obtained as a result of
experiments makes it possible to formulate the following conclusions:

— the disadvantages of concrete are low tensile strength and crack resistance, which
leads to brittle failure of structures under loads;

— dispersed reinforcement with fibrous materials of various types and sizes helps to
improve the strength and deformation characteristics. It is important to take into account that
the properties of concrete depend on the length and the length-to-diameter ratio of fibrous
materials. The theory is that long fibers with a high length-to-diameter ratio are better than
short ones. With increasing fiber length, the effect on the strength properties of concrete as a
whole increases. However, with long fibers, the conditions for preparing fiber-reinforced
concrete worsen as they are less well distributed in the concrete. In this regard, the condition
must be met —the length of the fiber must exceed the double diameter of the largest aggregate.
These material properties are often considered not only from the point of view of the design
solution effectiveness, but also as part of determining the effectiveness of concluded design
and construction contracts [13, 14].

3 Results

A comparison of the cost of manufacturing fiber-reinforced concrete based on metal,
polypropylene fiber and fiber from production waste shows that the most economical is fiber-
reinforced concrete with production waste — polyamide fiber. In terms of its properties, this
fiber-reinforced concrete is not inferior to, and even exceeds, the strength characteristics of
fiber-reinforced concrete samples with polypropylene fiber (on average by 5 - 8%) and,
according to cost calculations, is cost-effective, since its cost is 30-35% lower than the cost
of fiber-reinforced concrete with polypropylene fiber given composition, all other conditions
being equal. Fiber-reinforced concrete with metal fibrous materials has high strength
characteristics and high cost compared to conventional concrete. Despite the high cost of this
type of fiber-reinforced concrete, it will be in demand due to its high physical and mechanical
properties. And the high cost of such fiber-reinforced concrete is compensated by the
durability of the material. Based on research findings, it has been demonstrated that utilizing
industrial waste in the production of fiber-reinforced concrete can lead to cost savings
without compromising the material's strength properties (as shown in Table 1).

An analysis of foreign and domestic experience has shown that road construction is one
of the promising areas for recycling ash and slag waste. The fiber-reinforced concrete
obtained with their help can be used in the design of not only various service facilities and
road infrastructure, but also in the design and selection of road pavement structures with
cement concrete pavements or asphalt concrete pavements on a concrete base.

Table 1. Comparative characteristics of the material
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No. | Fiber quantity, kg/m3 Tensile strength, MPa Cost, RUB
When compressed | When bending
C:S=1:2
Metal fiber
1 80 46.8 7.3 14884.2
2 110 47.4 7.7 17162.4
3 150 50.1 7.9 20390.5
Polypropylene fiber
4 8 46.1 7.1 10178.6
5 10 453 7.0 10939.5
Polyamide fiber
6 7 50.3 7.5 7050.2

We believe that the feasibility and effectiveness of the decisions made should be assessed
by technical and economic comparison of design solutions for given conditions of work only
taking into account their compliance with current regulatory documents.

To ensure widespread introduction of innovative building materials in the field of road
construction, it is necessary:

— create and subsequently promptly update their register, including secondary materials
and industrial by-products;

— create a complete information base of suppliers and manufacturing (receipt)
technologies;

— update regulatory documents regulating the processes of introducing innovations in the
road industry;

— obtain certificates of compliance with the requirements of technical regulations,
standards, codes of practice and international treaties.

A thorough analysis of industry investment project audits indicates a positive trend in the
implementation of a diverse range of innovative construction resources. This trend emerged
following the introduction of standardized requirements for innovative materials, including
secondary and by-products of industry, as well as the incorporation of fundamental principles
of' materials science into methodological documents. The decrease in inaccurately determined
building material requirements suggests that cost justifications have become more
transparent and readily available to developers.

4 Conclusion

Continuous monitoring of the innovation implementation processes in the road industry
highlights the urgent need to expand the utilization of new construction materials on a larger
scale. However, the current volume of innovation is hindered by the inadequacy of existing
regulatory documents and bureaucratic restrictions.

The utilization of secondary materials derived from recycling industrial waste extends
beyond the mere conservation of material resources, including non-renewable ones. It is
driven by the imperative to address environmental safety concerns for the population,
particularly during the transition from a traditional linear economic model to a more
sustainable circular economy model. In the road sector, there are several promising areas for
the application of secondary resources. These include the production of concrete and concrete
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products, aggregates, construction of road base layers, soil stabilization, incorporation of
additives in asphalt concrete mixtures, and manufacturing of de-icing materials to combat
winter slipperiness.

Continued systematic enhancement of the innovation management mechanism, enabling

the implementation of new design solutions with utmost efficiency, will facilitate the optimal
utilization of available construction resources not only during the construction phase but also
throughout the entire life cycle of the built facility. It is evident that the early stages of project
development bear the greatest responsibility for the effectiveness of the construction
resources employed. The endeavors undertaken by industry experts in this regard are driving
positive transformations, ultimately representing a pivotal characteristic of the ongoing stage
of project management evolution in the road industry.

Proposals for systematizing the content of design materials during the pre-design stage,

especially regarding the incorporation of innovative materials, aim to enhance the rationality
of design decisions, decrease construction costs, and ultimately elevate overall project
quality. By including resource support sections, construction timeframe descriptions, and
considerations of the commercial environment as mandatory components, the foundation for
precise cost calculations in future construction projects is established. Improving the quality
of investment project justifications is key to achieving success in expanding the scope and
scale of implementing industry innovations.
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