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Xiilasa. Hazirk1 todqiqat isindo six dag siixurlarindan vo miixtalif mongoali sonaye tullantilarindan
sement sistemlorindo mineral olavolor kimi, hom¢inin miixtalif plastiklosdirici alavelarlo birlikdo
istifado olunmasinin miimkiinliiyli 0yronilmisdir. Tocriibalordo Azorbaycan Respublikasinda otraf
miihit {i¢iin potensial ekoloji tohliiks yaradan aliiminium oksidi istehsali tullantilari, tobii kvars siixuru
va ¢inqil istehsalindan alinan s1x das tozundan istifads edilmisdir. Miioyyan olunmusdur ki, ultra inco
tiylidiilmiis bu komponentlor sement sistemlorindo mineral alavalor kimi tatbiq oluna bilor vo bu halda
sement daginin sixilmada moéhkomliyi 4-10% artir. Miloyyon edilmisdir ki, bu inco iiyidiilmiis
slavolorin S520 markali superplastifikator vo HP777 markali hiperplastifikator ilo birlikdo istifadosi
naticasinds agir betonun sixilmada méhkomliyi 15,5% artmisdir. Belo kompleks slavalorin polipropilen
lifli betonlara tasiri 6yronilmis va naticads alinan lifli betonun méhkomliyinin 18-40%

artdigr miioyyon edilmigdir. Alinmig lifli betonlarin sixilmada moéhkomliyi 48,35-58,92 MPa, orta
sixligi iso 2400-2467 kq/m? intervalinda olmusdur. Bununla yanasi, digor asas istismar gostaricilori-
zorbayo davamliliq (12,72%), dinamik dayaniqliq (4,16%), oyilmoado mdéhkomlik (3,03%), oyilmoado
dartilma moéhkomliyi (9,09%), siirtlinma miiqavimati (4%) vo suya davamliliq (9,63%) adi polipropilen
lifli betonla miiqayisads daha yiiksok olmusdur. Bela betonlarin maya doyarinin adi polipropilen lifli
betondan 2,23 AZN daha ucuz oldugu miioyyon edilmisdir.

Aparilmis elmi-tadqiqat islori noticasinda texniki-iqtisadi, ekoloji va otraf miihit baximindan somarali
modifikasiya olunmus polipropilen lifli beton aldo edilmisdir.

Acar sozlar: lifli beton, ekologiya, dayanigli inkisaf, sonaye tullantilari, sement istehsali, iqtisadi
somaralilik, effektivlik, mohsuldarlq, otraf miihit, qonast
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Abstract. In the current research, the feasibility of using dense mountain rocks and industrial waste of
various origins as mineral additives in cement systems, as well as in combination with various
plasticizing additives, was studied. In the experiments, fine powdery aluminum oxide production waste,
natural quartz rock and dense stone dust from crushed stone production, which pose a potential
ecological threat to the environment in the Republic of Azerbaijan, were used and it was determined that
these ultrafinely ground components can be applied as mineral additives in cement systems, and in this
case, the compressive strength of cement stone increases by 4-10%. It was determined that by using
these finely ground additives in combination with S520 brand superplasticizer and HP777 brand
hyperplasticizer, the compressive strength of heavy concrete increased by 15.5%. The effect of such
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complex additives on polypropylene fiber fiber concretes was studied and it was determined that the
strength of the resulting fiber concrete increased by 18-40%. The compressive strength of the obtained
fiber concretes was determined to be 48.35-58.92 MPa, the average density was within the range of
2400-2467 kg/m?3, and at the same time, other main operational indicators (impact resistance (12.72%),
dynamic stability (4.16%), bending strength (3.03%), bending tensile strength (9.09%), friction (4%)
and water resistance (9.63%)) were higher than those of ordinary polypropylene fiber fiber concrete. The
cost of such concretes was determined to be 2.23 AZN cheaper than polypropylene fiber concrete. As a
result of the conducted scientific research work, a modified polypropylene fiber concrete with technical
and economic environmental and ecological effectiveness was obtained.

Keywords: fiber concrete, ecology, sustainable development, industrial waste, cement production,
economic efficiency, effectiveness, productivity, environment, savings

Introduction. In the modern era of developing techniques and technologies, the organization of
the production of various materials with the application of environmentally friendly, economically
efficient, and environmentally friendly raw materials and materials, as well as low-labor-intensive
advanced technologies, is one of the important issues facing all industries. This issue is particularly
relevant in the context of sustainable development, which involves the rational use of natural resources
to reduce environmental impacts and improve the efficiency of cleaner industrial production.
Considering that the growing population in all parts of the world requires the expansion of new
workplaces, residential areas, recreational facilities, and other construction areas. At the same time, the
increasing scale of the construction industry is accompanied by an increase in the consumption of
mineral resources and energy, which focuses the attention of researchers on issues of resource
conservation and environmental sustainability of building materials. Then we can see that the
construction sector is developing rapidly in the world. Currently, concrete and reinforced concrete
products and structures made on the basis of concrete mixtures for various purposes are being used in
construction. In modern times, in addition to residential and catering buildings, as well as small facilities,
the demand for the construction of buildings and structures that require higher responsibility and have
architecturally magnificent, unique and individual features has increased significantly. This increases
the scale of responsibility of scientists and researchers working in the field of materials science,
manufacturing enterprises, as well as engineers participating in the design and implementation process.
From this point of view, in recent years, the demand for special-purpose, specific-property concrete
mixtures and reinforced concrete products produced on their basis has increased. Considering that the
main component that increases the cost of reinforced concrete products is reinforcement and
reinforcement products, it is not possible to use large-diameter and high-strength reinforcement products
in thinner and bending-requiring structures, or it is necessary to use smaller-diameter and densely placed
reinforcement products (nets). This leads to a significant increase in the cost of buildings and structures.
Therefore, scientific research shows that the use of various types of fibers in the production of thinner
and durable products and structures with special properties gives more effective results. It should also
be noted that an additional advantage of using fiber is the ability to partially reduce the material
consumption of structures and increase their durability, which meets modern requirements for
sustainable construction. Such types of concrete are concretes reinforced with metal, polypropylene,
basalt, glass, carbon and other fibers. The application of this type of fiber concrete is expanding today
[1-3].

It is known that the discovery and practical application of fiber concrete has a history of more
than a century. Thus, the idea of the possibility of producing fiber concrete was put forward by the
Russian scientist V.P. Nekrasov in 1909. Therefore, it is V.P. Nekrasov who is considered the author of
the production of fiber concrete. However, the large-scale study and application of fiber concrete began
in the 60s of the 20th century. Thus, fiber concrete has been studied by researchers from the USA, Great
Britain, Canada and other countries. Currently, fiber concrete reinforced with various types of fibers is
considered a new generation of high-quality concrete. In modern times, by reinforcing concrete and
construction mortars with various fibers, it is possible to improve their physical, mechanical and
operational characteristics and increase their durability. Thus, increasing the service life of structures
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and reducing the need for their repair and replacement of parts are also considered important factors for
the sustainable development of the construction industry. Fiber concrete is considered one of the most
promising materials of the 21st century. One of the reasons for such promising and widespread
application of fiber concrete is the possibility of applying new fibers in its production and the possibility
of applying complex additives for various purposes [4].

Literature review and problem statement. This research aims to develop a sustainable artificial
stone material from limestone dust waste through optimization of granulometric composition, binder
ratio, and use of hyperplasticizers [5]. Such research is considered an important area of sustainable
development of building materials, as it is aimed at utilizing industrial waste and reducing the resource
intensity of cement production. The possibility of producing fiber-reinforced concrete with high
deformation properties by regulating the microstructure and using it in the design of transport structures
was considered. It was found that to create high-performance transport structures, it is necessary to
modify fiber mixtures with complex additives, i.e., increase the strength of fiber-reinforced concrete at
the micro-level. To obtain a denser structure of the concrete matrix, complex additives were used—
ultrafine additive (silica fume) and Master Air 200 B air-entraining additive. It was experimentally
proved that using such additives reduces the water-cement ratio and further strengthens the concrete
matrix structure [6].

This article discusses the development of modified fiber-reinforced concrete formulations using
finely ground mineral additives containing SiO> and hyperplasticizers. A comparative analysis of the
properties of conventional concrete and its modifications is provided [7].

It should be noted that the use of mineral additives, partially replacing cement, is of particular
importance in the context of high volumes of global cement production, accompanied by significant
energy costs and greenhouse gas emissions. In the presented paper, concrete resistance to friction was
studied. B25 class heavy concrete was selected as an experimental object. Polypropylene and metal
fibers were used to increase friction resistance of the selected concrete. The test was carried out on the
LKI-3M friction device in accordance with the requirements of TOCT 13087. Based on the test results,
it was found that the resistance of the polypropylene fiber concrete to the anti-friction resistance of 0.28
g/cm?, whereas in the case of metal fiber concrete, this indicator was 0.30 gr/cm?. Test results were
compared with 112.5% of polypropylene fiber concrete, and 6.25% higher resistance to concrete fibrous
concrete compared to B25 grade concrete samples. Based on the results of the experiment, it is possible
to say that the application of fiber concrete in the construction of road surfaces is more effective [8].

The crack resistance of fiber-reinforced concrete with and without additives was determined.
Based on the test results, it was found that crack resistance was higher for concrete samples containing
polypropylene and metal fibers than for standard concrete.

Fiber-reinforced concrete using microsilica has shown improved performance. The effectiveness
of using such concrete in road pavement construction has been established [9].

Improving the crack resistance and durability of concrete pavements is considered an important
factor in the sustainable development of transport infrastructure, allowing for a reduction in repair and
maintenance costs.

In the presented paper, concrete resistance to friction was studied. B25 class heavy concrete was
selected as an experimental subject. Polypropylene and metal fibers were used to increase the friction
resistance of the selected concrete [10].

Efficiency in the construction, reconstruction, and repair of transport structures can be achieved
by using fiber-reinforced concrete with high deformation properties. This article examines the possibility
of using complex additives to optimize the composition of fiber-reinforced concrete with high
deformation properties. It was found that the use of chemical and ultrafine additives in fiber-reinforced
concrete significantly increases compressive and flexural strength. This is due to the fact that the use of
steel fibers allows for uniform reinforcement of the concrete throughout the entire volume, which
favorably affects the distribution of stresses in the concrete mass and leads to a reduction in stresses in
hazardous areas [11]. Taken together, these approaches meet modern sustainable construction
requirements aimed at increasing the operational reliability of structures while rationally using material
and energy resources.

199



Elmi asarior, fngaat Scientific works, Construction 2025, N1

Research materials and methods. The current study examined the issue of improving the
properties of fiber concrete using local raw materials and materials of the Republic of Azerbaijan. The
use of local raw materials reduces transportation costs and promotes the rational use of natural and
material resources in construction. For this purpose, the research used CEM II/A-L 42.5 R (Expert)
cement produced at the Holcim Azerbaijan Cement Plant, sand from the Bahramtepe deposit (Imishli
district), and sand and crushed stone from the Gudiyalchay quarry (Guba district). In order to improve
the properties of concrete and also save on Portland cement, mineral additives, plasticizers, and
polypropylene fibers, which are currently more widely used in the preparation of fiber concrete mixtures,
were used. Reducing the consumption of Portland cement by partially replacing it with mineral additives
is considered as one of the ways to reduce the resource intensity of concrete compositions.

As a mineral additive, waste generated during the production of aluminum oxide by the Ganja
Gil-Torpag Production Association operating in the Republic of Azerbaijan, as well as quartz sand from
the Umbaki deposit located near Baku and dust generated during the crushing of dense mountain rock,
S520 brand superplasticizer, HP 777 brand hyperplasticizer, and SikaFiber T-60s brand polypropylene
fibers were used as fibers to improve the rheological properties of the mixture. The inclusion of industrial
waste in concrete mixtures allows us to consider the resulting compositions to be oriented towards the
principles of rational use of secondary resources.

The chemical (by X-ray spectral method) and mineral (X-ray phase method) compositions of the
used mineral additives were studied.

Based on the results of the X-ray spectral analysis, it can be said that the chemical composition
of the finely ground aluminum oxide production waste is SiO2> — 17.44%; Al>Os — 15.60%; Fe;O3 —
46.79%; CaO — 1.67%; Na20O — 2.31%; MgO — 0.28%; P.Os — 0.18%; SO3 — 0.49%; K20 — 0.39%; TiO>
— 3.21%; MnO — 0.43%; CI — 0.06%, the amount of volatile components at a temperature of 950°C is
10.20%, the mineralogical composition is quartz SiO2, magnetite FesOas, hematite Fe.Oz and feldspar.

The composition of the crushed quartz sand mineral additive is SiO2 — 97.01%; Al.O3 — 0.49%;
Fe203—1.16%; CaO — 0.75%; Na2O — 0.01%; MgO — 0.06%; P,Os —0.01%; SOs—0.14%; K20 —0.09%;
TiO2 — 0.03%; MnO — 0.01%; It was found that Cl —0.03% and the amount of volatile components at a
temperature of 950°C was 0.16%, the main phase of the mineralogical composition was quartz SiO2, and
a small amount was feldspar.

The granular composition of mineral additives was studied by granulometric analysis.
Considering that additives are used to reduce cement consumption, the granular composition of cement
was analyzed in parallel in the experiments. The test results were compared. The results of granulometric
analysis of the samples are given in Table 1 [12].

Table 1. Granular composition of mineral additives

Particle | Cumulative | Particle | Cumulative | Particle | Cumulative
size, distribution, size, distribution, size, distribution,

Xo/um Q3/% Xo/um Qs/% Xo/um Q3/%

1 2 3 4 5 6
Waste from the alumina industry

0,90 7,00 5,00 28,86 30,00 52,05
1,10 9,82 6,00 30,80 36,00 55,02
1,30 12,24 7,50 33,31 43,00 58,26
1,50 14,32 9,00 35,45 51,00 61,82
1,80 16,94 10,50 37,32 61,00 66,09
2,20 19,70 12,50 39,54 73,00 70,86
2,60 21,82 15,00 41,96 87,00 75,74
3,10 23,87 18,00 44,49 103,00 80,46
3,70 25,77 21,00 46,71 123,00 85,78
4,30 27,31 25,00 49,28 147,00 92,22
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175,00 | 100,00
Sm=4887,33 cm?/g
Natural quartz sand
0,90 4,57 6,00 22,16 43,00 74,45
1,10 6,41 7,50 25,27 51,00 81,59
1,30 7,98 9,00 28,33 61,00 89,19
1,50 9,33 10,50 31,33 73,00 95,58
1,80 11,03 12,50 35,20 87,00 98,87
2,20 12,85 15,00 39,78 103,00 99,95
2,60 14,29 18,00 44,87 123,00 100,00
3,10 15,77 21,00 49,50 147,00 100,00
3,70 17,25 25,00 55,01 175,00 100,00
4,30 18,59 30,00 61,05 _
5,00 20,07 36,00 67,54 Sm=4100 cm/g

The parameters of the S520 superplasticizer and HP777 hyperplasticizer used are given in Table

2, and the parameters of the SikaFiber T-60s polypropylene fibers are given in Table 3.

Table 2. Main indicators of S520 superplasticizer and HP777 hyperplasticizer

Plasticizer type and brand | Chemical composition Density,g/sm® pH values
(at 20°C)
Superplasticizer Aqueous solutions of 1.14-1.16 50-7.0
S520 modified
polycarboxylate esters
and lignosulfonates
Hyperplasticizer Polycarboxylate 1.30-1.35 5.0-6.0
HP777

Table 3. Characteristics of SikaFiber T-60s polypropylene fiber

Brand Sika
Country of manufacture Swiss
Color black
Length 60 mm
Diameter 0.9 mm
Tensile strength >500 MPa
Density 0.91 kg/dm?®
Adsorption none
Chemical resistance high
Melting temperature +280°C
Resistance to molds high
Modulus of elasticity 20 MPa
Weight 0.90 g/cm?®
Maximum elongation 25%

The tests were carried out in accordance with the requirements of the International Standards
Documents in force in the Republic of Azerbaijan. The performance of cement was studied in accordance
with the technical requirements of the State Standard AZS EN 197.1-2021 [13] according to the test
methods and rules EN 196-2-2013 [14].
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The properties of the concrete mixture were determined in accordance with the standard EN 206-
1:2000 [15]. The compressive strength of concrete was studied according to EN 12390-2 [16], crack
resistance tests according to 1SO 29167-2021 [17], dynamic stability of concrete, tensile and flexural
strength according to ISO 10180-2012 [18], abrasion tests according to 1SO 13087-2018 [19], and water
resistance according to 1SO 12730.5-2018 [20].

Work conduct. The research was carried out in stages. At the initial stage, the possibility of using
ultrafine ground alumina production waste, quartz sand and slag stone powder as mineral additives was
studied, and their effect on cement-sand systems was determined. The use of these materials was
considered not only from the standpoint of improving the properties of cement systems, but also from
the point of view of involving secondary resources in construction production. The samples were
prepared in standard sizes in the ratio cement: sand = 1:3. The ultrafine ground mineral additives used
were used in an amount of 5-20% of the cement consumption, and their effect on the rheological
properties and mechanical properties of the cement mortar was studied. The results were analyzed in
comparison with samples prepared without additives in parallel. The normal density and setting time of
the prepared mortar were determined in the Vika device, and standard 40x40x160 mm bars were
prepared from the prepared mixtures. The samples were tested after hardening by the standard method.
The test results are given in graphs 1-3.

a1
o

50 50

b

40

Compressive strﬁngth limit, MPa
o

Compressive strength limit, MPa
Compressive strength limit, MPa

30 30 30
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
Amount of additive, % Amount of additive, % Amount of additive, %
Graph 1. Dependence of cement Graph 2. Dependence of Graph 3. Dependence of
stone strength on the amount of cement stone strength on the cement stone strength on the
finely ground alumina amount of finely ground quartz  amount of finely ground dense
production waste sand stone dust

As can be seen from Graph 1-3, when finely ground mineral components (aluminum oxide
production waste, quartz sand, dense stone dust) were used in an amount of 10% of the cement
consumption, the strength of the tested cement stone increased by 4.87%, 10%, 6.15%, respectively.
Thus, partial replacement of Portland cement with mineral additives allows for simultaneous
improvement of strength characteristics and reduction of binder consumption. The effect of the additives
used on the structure formation process of cement stone was studied (Figure 1).
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Figure 1. Diffractogram of cement stone samples with mineral additives: a) aluminum oxide
production waste-based sample; b) quartz sand sample; c) stone waste dust-based sample

As can be seen from the diffractogram (Figure 1. a), when ultrafine ground alumina production
waste was used, the mineralogical composition of the cement stone was a-quartz SiOz, calcite CaCOg,
calcium hydroxide Ca(OH)2, CaSOsx2H20, CaAlz(Si2Al2)O10(OH)2, when ultrafine ground quartz sand
was used (Figure 1. b), the mineralogical composition of the cement stone was a-quartz SiO, calcite
CaCQg, calcium hydroxide Ca(OH)2, Caz(SiOs)(OH)2, CasSiOs, belite CazSiO4, CaSOsx2H20, and in
the samples using ultrafine ground dense stone powder (Figure 1. c), the mineralogical composition of
the cement stone was oa-quartz SiOp, calcite CaCOs, portlandite Ca(OH)2, Caz(SiOg)(OH)., belite
CaxSi0s, CasSiOs minerals form. The main structural, dense and high strength properties of cement
systems with hardened mineral additives are formed due to the Ca>SiO4xH20 mineral (table 4).

Table 4. Mineralogical composition of mineral additives used, %

T 2/ Tlo |2 "
] 0| 2|0 2| =d5 S T2 13
no| Mineal | ST IS8 S| 59 22T 8 81 E
additivename | Q@ | S | % |5 | €| 839|510 2| ¢ ¢
» | O|F|O|OXR? | |28 f_é 9 s d E
S SS9 |8
Aluminum 1525|120 | - - - - - 5 25 | - - |10
1 oxide
production
waste
2 Quartzsand | 1329 |17 |14 | 6 - 6 4 - - - |11
3 Dense stone 10 |14 | 48| 6 - 10 - 2 4 - - - 4
dust

The second stage was devoted to determining the share of coarse and fine aggregates used in the
single system. Since the main part of the concrete composition is made up of fillers (85%), the effect of
fine (sand) and coarse aggregates (crushed stone) was studied, taking into account the significant effect
of the location and distribution level of fillers in a single volume on the operational characteristics of
concrete. Optimization of grain composition was considered as a way to increase the density of the
structure and rational use of mineral resources. After studying the relative consumption share of local
coarse and fine aggregates in a single volume, fiber concrete mixtures were prepared taking into account
this share share. After standard samples were hardened for 28 days, the compressive strength limit was
determined by testing them in a UTEST UTC-4320 hydraulic press. In all cases, 3 standard-sized
150x150x150 mm samples were prepared based on concrete mixtures. In the experiments, water, cement
and one type of filler were kept constant, the consumption of other fillers was changed by 20 kg and
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samples were prepared. The compressive strength limit of the hardened samples (graph 4) was
determined [21].
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Graph 4. a) The effect of natural sand consumption on the compressive strength of heavy concrete; b)
The effect of 10-20 mm crushed stone consumption on the compressive strength of heavy concrete

Based on the experimental results (graph 4. a), it was determined that the use of a fine aggregate
mixture in the concrete mixture, natural sand: fine sand = 42.65%: 57.35% ratio, is more effective both
economically and technologically. According to the obtained results, the compressive strength of
concrete increased by 13.74% [21].

It was considered more efficient to prepare a coarse aggregate mixture based on two fractions of
crushed stone (5-10 mm) : (10-20 mm) = 74.5%: 25.5%. The test results showed that a denser concrete
structure was obtained in this ratio, and therefore, the compressive strength of the obtained concrete was
37.45 MPa (graph 4. b), which increased the compressive strength of the concrete prepared on the basis
of the initial mixture by 6.24% [21]. This gives grounds to say that the small filler grains in a single
volume at the specified filler ratio fill the gaps between the large fillers more densely, and it is possible
to obtain dense structural concrete.

Taking into account the initial experimental results, polypropylene fiber-reinforced concrete and
modified fiber-reinforced concrete compositions were developed. The experiments were conducted not
by the traditional classical method, but by a more progressive method applied in the science of concrete
science - the method of mathematical statistical planning of experiments. In the experiments, the
water/cement ratio was kept constant, 3 influencing factors (cement, mineral additives, fiber) were
selected and a 23-type experimental plan was developed. The experiments were carried out according to
the plan and the test results are given in graphs 5-7. The results obtained in the experiments were
analyzed comparatively with the indicators of heavy concrete samples with optimal composition
prepared in parallel.
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Graph 5. Test results of ordinary heavy concrete
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The test results of ordinary heavy concrete were statistically analyzed using a computer program,
and a mathematical model of the compressive strength parameter, the main indicator of concrete, was
constructed taking into account the obtained regression coefficients.

Rstr= 39,73 + 0,39X1—1,23X2 + 0,53X3 + 0,85X1X2— 1,7X1 X3 +
+ 1,07X2X3-0,68X1X2X3

Taking into account statistical analysis and the influence levels of variable factors, the optimal

composition of ordinary heavy concrete was determined by the short rise method, both computationally

and experimentally. The compressive strength of the obtained ordinary heavy concrete with the optimal
composition was 41.84 MPa.

o
385883

Compressive strength
limit, MPa

12345
67809
10
111213 14 1516 17 18 19 20
21 22 93
24

®20-30 W30-40 W40-50 m50-60 ®60-70
Number of test samples, pcs.

Graph 6. Test results of finely ground alumina production waste and polypropylene fiber
concrete with HP — 777 hyperplasticizing additive

The test results of ultrafine ground aluminum oxide production waste, polypropylene fiber fiber
concrete with complex additives containing HP777 brand hyperplasticizer were statistically analyzed
using a computer program, and a mathematical model of the compressive strength parameter, the main
indicator of concrete, was constructed taking into account the obtained regression coefficients.

Rczz.%p.f.s.: 48,49+0,306X2-4,91X3+1,57X1X3-2,92X2X3—-1,98 X1 X2X3

Taking into account the statistical analysis and the influence levels of variable factors, the optimal
composition of modified polypropylene fiber fiber concrete with complex additives (hyperplasticizer,
finely ground aluminum oxide production waste) was determined computationally and experimentally
by the short rise method. The compressive strength of the modified polypropylene fiber fiber concrete

with the optimal composition obtained was 48.35 MPa, which increased by 6.51 MPa (15.5%) compared
to heavy concrete.

e
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Graph 7. Test results of polypropylene fiber concrete containing finely ground quartz sand and a
hyperplasticizing additive of the HP — 777 brand
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The test results were statistically analyzed using a computer program and a mathematical model
(regression equation) of the compressive strength limit parameter of fiber concrete was developed [21].

The optimal composition of the modified polypropylene fiber concrete with complex additives
containing HP777 hyperplasticizing ultrafine ground quartz sand was established according to the
experimental results (compressive strength limit parameter) carried out in accordance with the levels of
the variable factors, taking into account the regression coefficients determined as a result of statistical
analysis and the influencing factors.

Rgﬁlp_f_s_: 48,78-0,219X1+0,44X2-4,97X3+4,42 X1 X2+1,54 X1 X3-2,77X2X3-1,97X1X2X3

Taking into account the levels of variable factors, the optimal composition of polypropylene
fiber-reinforced concrete with a complex additive of hyperplasticizer, ultrafinely ground quartz sand was
developed and it was determined that the compressive strength of the modified fiber-reinforced concrete
is 58.92 MPa, which is 17.08 MPa (40.82%) higher than that of conventional heavy concrete.

limit, MPa

®20-30 m30-40 ®40-50 ®50-60 22 23 24

Compressive strength

Number of test samples, pcs.

Graph 8. Test results of polypropylene fiber reinforced concrete with finely ground quartz sand and
S520 superplasticizer additive

Based on the results of the conducted experimental tests of polypropylene fiber-reinforced
concrete with complex additives containing S520 brand superplasticizer, ultrafine ground quartz sand,
and a computer program analysis, the mathematical model of the parameter R%; s, s was obtained as
follows:

R;ip.f.s.: 47,05-1,55X1-0,87X2+1,61 X1 X2+2,18X1X3-0,77X1X2X3

Statistical analysis of the results, calculation of influencing factors, compliance with the influence
limit and experimentally verified, determined the compressive strength of the modified polypropylene
fiber fiber concrete with an optimal composition (finely ground quartz sand, S520 brand superplasticizer)
as 49.70 MPa. This indicator was 7.86 MPa (18.78%) higher than the corresponding indicators of heavy
concrete with an optimal composition. Based on the results of the conducted experiment, it can be said
that the properties of polypropylene fiber fiber concrete can be improved by using complex additives of
various compositions.

The operational characteristics of the modified fiber concrete optimized in terms of composition
and properties were studied. Experimentally, the following properties of the proposed modified fiber
concrete were determined: Crack resistance (12.72%), dynamic stability (4.16%), bending strength
(3.03%), tensile strength during bending (9.09%), friction (4%) and water resistance (9.63%). The
obtained results were determined to be higher than those of conventional polypropylene fiber reinforced
concrete. Improving operational characteristics helps to increase the service life of structures and reduce
repair and maintenance costs. The economic efficiency of modified fiber reinforced concrete, which is
more effective in terms of technological and operational aspects, more effective in terms of ecological
and environmental protection (waste management) due to the use of raw materials (saving cement,
efficient filler consumption per unit volume), and effective in terms of traditional classical concrete, has
been studied. Thus, the obtained results demonstrate a combination of technological, economic, and
environmental efficiency, which corresponds to modern principles of sustainable development of
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building materials. It is known that the economic efficiency of the product depends on many factors.
Considering that the largest expense in the construction of buildings and structures, as well as in the
production of products, is the cost of materials. For this reason, the economic efficiency of the proposed
modified fiber reinforced concrete was determined taking into account the costs incurred on materials.
The report on the economic efficiency of modified fiber reinforced concrete was carried out in
accordance with wholesale prices in Azerbaijan, taking into account the locality of the materials. The
results are given in Table 5.

Table 5. Cost and economic efficiency of modified fiber concrete

' Unit of Consumption Wh_olesale Economic
Name of raw materials per 1 m® of price of Total cost, .
and materials MeasUr | tiher concrete materials, AZN efficiency,
ement . AZN
mixture AZN
Polypropylene fiber reinforced concrete
Cement tone 0.375 142 53.25
Natural sand m® 0.14 18 2.52
Alanti sand m? 0.19 17 3.23
Crushed stone (5-10) m? 0.59 17 11.03
Crushed stone (10-20) m? 0.22 17 3.74
Superplasticizer kg 10.4 15 15.6
Polypropylene fiber kg 6.35 5.73 36.38
Water m? 0.137 2 0.27
Total cost: 125.02
Modified polypropylene fiber reinforced concrete
Cement tone 0.359 142 50.9
Natural sand m3 0.14 18 2.52
Alanti sand m3 0.19 17 3.23
Crushed stone (5-10) m? 0.59 17 10.03
Crushed stone (10-20) m3 0.22 17 3.74
Mineral additive m® 0.01 12 0.12
Superplasticizer kg 10.4 15 15.6
Polypropylene fiber kg 6.35 5.73 36.38
Water m® 0.137 2 0.27
Total cost: 122.79 2.23

As can be seen from Table 4, the total cost of materials for 1 m3 of polypropylene fiber reinforced
concrete is 125.02 AZN, while for modified fiber reinforced concrete this cost is 122.79 AZN. The
economic efficiency of 1 m3 of modified fiber reinforced concrete is 2.23 AZN. The economic
calculations performed show that the proposed modified fiber reinforced concrete can be considered an
economically efficient type of concrete.

Result.The possibility of applying finely ground raw materials of various origins (aluminum oxide
production waste, quartz sand, dense stone dust) to cement systems has been determined. It has been
established that the inclusion of these materials allows for the rational use of secondary resources in the
composition of cement compositions. It has been experimentally determined that when these additives
of various origins are used in an amount of 10% of the cement consumption, it allows to increase the
compressive strength of cement stone by 4.87-10%.

By taking a mixture of fine fillers (natural sand - fine sand consumption) in a ratio of natural sand:
fine sand = 42.65% : 57.35% in a unit volume, it was possible to obtain an economically and
technologically effective dense-structured concrete with a compressive strength of 13.74%. By
effectively selecting a large filler fraction in a unit volume ((5-10 mm) : (10-20 mm) = 74.5% : 25.5%),
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an increase in the compressive strength of concrete by 6.24% was achieved. Optimization of the grain
composition contributed to the formation of a denser concrete structure and increased efficiency in the
use of mineral resources.

The preparation of modified polypropylene fiber-reinforced concrete with a hyperplasticizer
HP777 brand, finely ground aluminum-oxide production waste, with a compressive strength of 48.35
MPa, optimized in terms of composition and properties, was determined by calculation and experimental
methods. It was determined that the compressive strength of this type of modified fiber-reinforced
concrete is 15.5% higher than that of conventional heavy concrete with an optimal composition.

Through calculations and laboratory experiments, a modified polypropylene fiber-reinforced
concrete with a hyperplasticizer HP777 brand, finely ground quartz sand, with a compressive strength
of 58.92 MPa, optimized in terms of composition and properties, was obtained. It was determined that
the compressive strength of this type of modified fiber-reinforced concrete is 40.82% higher than that of
conventional heavy concrete with an optimal composition.

Experimentally, a modified polypropylene fiber-reinforced concrete with a compressive strength
of 49.70 MPa was obtained with a hyperplasticizer of the S520 brand, finely ground quartz sand, a
complex additive optimized in terms of composition and properties. It was determined that the
compressive strength of this type of modified fiber-reinforced concrete is 18.78% higher than that of
conventional heavy concrete with an optimal composition.

Modified fiber-reinforced concrete with a crack resistance (12.72%), dynamic stability (4.16%),
bending strength (3.03%), bending tensile strength (9.09%), friction (4%) and water resistance (9.63%)
was obtained by applying complex additives of various origins. The improvement in the specified
performance indicators indicates a potential increase in the service life of structures and a reduction in
operating costs.

Taking into account the cost of materials used in the preparation of 1 m® of concrete mixture, a
modified polypropylene fiber-reinforced concrete composition was developed, which was obtained
economically cheaper. Based on the results of the conducted calculations and experimental tests, an
economically and technologically efficient, environmentally and ecologically effective modified
polypropylene fiber reinforced concrete was obtained. The obtained results demonstrate the combination
of strength, performance, and resource efficiency characteristics of the developed material, making it a
promising material for the sustainable development of the construction industry. The developed
approach can be adapted to various regions, taking into account national regulatory requirements and
environmental standards.
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