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Investigation of the uniform distribution
of basalt fibre in a foam concrete mixture

Abstract. This research aimed to study the impact of uniform basalt fibre reinforcement on the mechanical properties
of foam concrete, such as compressive strength, bending and frost resistance. A comprehensive methodology was used,
which included the preparation and testing of foam concrete mixtures containing basalt fibre, and conducting strength
and frost resistance tests using specialised equipment. As a result of the conducted research, it was found that the
uniform addition of basalt fibre to the foam concrete composition significantly improves its mechanical properties. The
compressive strength of reinforced foam concrete has increased by 30-40% compared to conventional foam concrete,
especially noticeable in the early stages of hardening. For example, after 28 days of hardening, the compressive strength
of reinforced foam concrete was 2.65 MPa, whereas for the non-reinforced analogue, it reached only 1.8 MPa. In addition,
reinforced foam concrete has demonstrated a significant improvement in bending strength. After 28 days of hardening,
the bending strength was 1.8 MPa, which is 56% higher compared to conventional foam concrete, which had this indicator
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of 1.15 MPa. This suggests that basalt fibre effectively prevents the development of microcracks, increasing the overall
durability of the material. In addition, in the course of the study, an improvement in the frost resistance of foam concrete
reinforced with basalt fibre was revealed. After 30 cycles of freezing and defrosting, reinforced foam concrete showed a
lower weight loss of 1.8% compared to conventional foam concrete, in which this figure reached 3.7%. This indicates the
high resistance of the material to cyclic climatic influences, which makes it more suitable for use in extreme climatic
conditions. Thus, the results obtained confirm a significant improvement in the mechanical properties of reinforced
foam concrete, demonstrating that basalt fibre reinforcement makes it a more reliable and durable material for various

construction applications

Keywords: foam concrete; reinforcement; basalt fibre; cement mortar adhesion; compressive strength; bending strength;

frost resistance

INTRODUCTION

Foam concrete is a lightweight building material that has
gained its popularity due to its excellent thermal insula-
tion properties, low weight, and cost-effectiveness. It is a
mixture of cement, water, sand, and a special foam gener-
ator that forms air bubbles in the solution. Such bubbles
help to reduce the density of the material and improve its
thermal insulation qualities. Due to these characteristics,
foam concrete is used in various industries, and is in de-
mand in construction technologies. However, despite its
advantages, foam concrete has certain limitations in terms
of strength and durability, which can be improved with re-
inforcement. The problem is that the uniform distribution
of reinforcing fibres, such as basalt fibre, in a foam con-
crete mixture is a difficult task. Improper fibre distribu-
tion can lead to the appearance of local defects, reducing
the strength characteristics and durability of the material
(Hezentsvei & Bannikov, 2020). This makes it difficult to
achieve optimal performance properties of foam concrete
and limits its use in more demanding construction pro-
jects. In this regard, studies aimed at the investigation of
the uniform distribution of basalt fibre in a foam concrete
mixture can significantly improve its operational charac-
teristics. Such studies may determine the most effective
methods of integrating basalt fibre into foam concrete to
minimise problems with uneven distribution and improve
the strength and durability of the material. Ultimately, this
will help to improve existing foam concrete reinforcement
technologies, offering new solutions to improve its quality
and expand its applications in construction.

One of the main factors influencing the effectiveness
of reinforcement of foam concrete with basalt fibre are the
methods of uniform distribution of fibre and its interaction
with other components of the mixture (Kutsenko & Kut-
senko, 2022). The study by R. Lukpanov et al. (2021) not-
ed the influence of mixing methods on the uniformity of
foam concrete, emphasising that the use of different mix-
ing methods allows for different degrees of distribution of
components in the mixture. O. Gencel et al. (2022) focused
on assessing the effect of a certain concentration of ba-
salt fibre on the strength and resilience of foam concrete,
showing that increasing the fibre content to a certain lev-
el significantly improves the mechanical properties of the
material. A. Sagyndykov et al. (2023) assessed the impact

of basalt fibre on the distribution and structural character-
istics of foam concrete, finding that the use of fibre with
a certain length and diameter has a noticeable effect on
improving compressive strength and crack resistance. Such
studies emphasise the need for an integrated approach to
the choice of mixing methods, fibre concentration, and its
characteristics to ensure maximum efficiency and durabil-
ity of reinforced foam concrete.

In addition, one of the determining factors of rein-
forcement of foam concrete with basalt fibre is the qual-
ity of interaction of fibre with the matrix of cement mor-
tar. X. Shi et al. (2023) reviewed the process of adhesion
of basalt fibre to cement mortar, where it was found that
pretreatment of fibre with special modifiers significantly
improves adhesion to the matrix, contributing to a more
uniform distribution and improved mechanical properties
of the material. The study by O.Y. Bayraktar et al. (2023) an-
alysed the basalt fibre and cement mortar, revealing that
optimising the hardening process allows for better proper-
ties and structure. M. Khan et al. (2022) evaluated the effect
of temperature on the fibre integration process, demon-
strating that at high temperatures, an increase in the tem-
perature of the mixture can lead to improved fibre distri-
bution, but also requires precise control of conditions to
prevent material degradation. Thus, the mentioned stud-
ies confirm the importance of investigating the process of
interaction of fibre with cement mortar, and the need for
further research to fully understand and optimise the tech-
nology of reinforcement of foam concrete with basalt fibre.

For the assessment of the effectiveness of basalt fibre
in foam concrete, it is important to conduct a comprehen-
sive analysis of the impact on key features of the materi-
al, such as compressive strength, bending strength, tem-
perature resistance, and resilience. The study by Q. Fu et
al. (2022) evaluated changes in the strength of reinforced
foam concrete with different concentrations of basalt fibre,
showing that the use of fibre improves strength character-
istics, providing a significant increase in bending strength.
Z. Xue et al. (2023) focused on methods for assessing the
crack resistance and durability of foam concrete with ba-
salt fibre, finding that basalt fibre reduces the number and
width of cracks, contributing to an increase in the dura-
bility of the material. In the course of the study, S. Li et
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al. (2024) analysed basalt fibre’s impact on the qualities of
foam concrete, including frost resistance, as a result show-
ing that the uniform distribution of fibre contributes to a
better improvement of the studied properties, while une-
ven distribution can lead to local defects and a decrease
in the overall effectiveness of reinforcement. However,
despite the results achieved, additional research remains
necessary to assess the impact of other mixing methods on
the uniformity of fibre distribution and its impact on the
long-term performance of foam concrete.

The purpose of this study was to determine the effect
of the efficiency of uniform distribution of basalt fibre ac-
cording to a certain technique on the performance proper-
ties of foam concrete. To achieve this goal, tasks were set

that included evaluating the effect of fibre on the mechan-
ical properties of reinforced foam concrete, such as com-
pressive strength, bending strength, and frost resistance,
compared with conventional foam concrete.

MATERIALS AND METHODS

A comprehensive methodology was applied to evaluate
the effect of basalt fibre reinforcement of foam concrete
on its mechanical and performance properties. First, two
mixtures of foam concrete were prepared, which included
ordinary foam concrete and foam concrete reinforced with
basalt fibre. Portland cement of CEM 1 42.5 N grade pro-
duced by Kant Cement Plant (Kyrgyzstan) was utilised for
this purpose, which properties are described in Table 1.

Table 1. Properties of Portland cement CEM 1 42.5 N

Property Value

Density, kg/m? 3,100

Specific surface area, cm?/g 3,500
Beginning of setting, hours 2
End of setting, hours 4
Normal density, % 25

Source: developed by the authors

For reinforced foam concrete, basalt fibres manu-
factured by Aviapromstal (Kyrgyzstan) were added in an

amount of 0.5% of the total volume of the mixture, the
characteristics of which are shown in Table 2.

Table 2. Characteristics of basalt fibres

Characteristics Value
Composition 100% basalt
Fibre diameter, um 13-20
Fibre length, mm 6-12
Density, g/cm?® 2.63
Tensile strength, MPa 3,000-4,850
Modulus of elasticity, GPa 85-95

Source: developed by the authors

For the preparation of foam concrete mixtures, ce-
ment and water were added in the amount of 350 and
200 kg/m3, respectively. The ratio of cement to water
was approximately 0.57. Foam generator PB-2000 (Kyr-
gyzstan) in the amount of 2 kg/m® was used to form a
fine-porous structure of foam concrete. Sand, used to
increase the density and strength of foam concrete, was
added in an amount of 500 kg/m?. The density of the sand

was approximately 1,600 kg/m?®. In addition, during the
study, fine gravel of the Gravel-10 brand with a fraction
of 5-10 mm was used, which was added in an amount
of 150 kg/m®. The density of gravel was approximate-
ly 1,400 kg/m3. All components were thoroughly mixed
according to the diagram shown in Figure 1, until a ho-
mogeneous mass was achieved using a BM-125 concrete
mixer (Kyrgyzstan).

Loading the main components into the concrete mixer (portland cement, sand, aggregates)

Even distribution of the components within 3 minutes

L 2

Addition of water to activate the cement hydration process

<

Gradual addition of the foam generator over 5 minutes

2

Stirring the mixture for 15 minutes

Figure 1. Schematic diagram of mixing technology of foam concrete components

Source: developed by the authors
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After preparing the mixtures, they were poured into
moulds to form cubes of 100x100x100 mm and prismatic
samples of 100x100x400 mm. After pouring the mixture,
the moulds were sealed to avoid the appearance of air
bubbles, and left to gain initial strength for 24 hours at a
temperature of 20°C. The samples were then removed from
the moulds and placed in a water bath at 20°C and 95% hu-
midity until the required age for testing was reached. Com-
pressive strength tests were carried out using a small-sized
hydraulic press PGM-1500MG4. The samples were tested
for compression after 1, 3, 7, and 28 days of hardening. The
test procedure consisted of placing the samples on a press-
ing table, which was gradually loaded until destruction.
The maximum load at which the fracture of the sample oc-

Samples after
curing for 28
days

Drying to
— Bt weight

—>  Dried samples
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curred was recorded and used to calculate the compressive
strength. The MII-100 testing machine was employed to
assess the bending strength. The prismatic samples were
subjected to loading until destruction, after which the re-
sult was recorded. During the tests, the maximum values
of bending loads were determined, which allowed calcu-
lating the bending strength. Additionally, frost resistance
tests were carried out, where the samples were subjected to
freezing and defrosting cycles. The tests included measur-
ing weight loss after a certain amount (5, 10, 15, 20, 25, and
30) of cycles of freezing and defrosting, which helped to
assess the resistance of foam concrete to frosty conditions.
The scheme of frost resistance tests is presented in more
detail in Figure 2.

Immersion in a
—> water bath at 20° —>
C for 48 hours

Samples prepared
for testing

A%

Freezing at -20°C N Samples after the
for 6 hours freezing cycle

Defrosting in
—> water at 20°C for —
6 hours

Samples after
defrosting
cycle

—> Cycle repetition

Figure 2. Scheme of frost resistance tests

Source: developed by the authors

Thus, all the stages of the study helped to obtain a
complete understanding of the effect of basalt fibre on the
strength and performance characteristics of foam concrete,
providing reliable and accurate data for further analysis
and application.

RESULTS

The uniform distribution of basalt fibre in the foam con-
crete mixture plays a critical role in ensuring optimal me-
chanical and operational characteristics of the material.
Basalt fibre, because of its strong mechanical characteris-
tics and resilience to aggressive media, is used for reinforc-
ing foam concrete, improving its strength, crack resistance,
and durability (Kuznetsova & Ivanova, 2023). To achieve
the maximum effect from the addition of fibre, it is neces-
sary to ensure its even dispersion across the whole volume
of the mixture. This can avoid local concentrations of fibre,
which can lead to uneven material properties and potential
defects. Basalt fibre is an effective reinforcing component
due to its high tensile strength, resistance to corrosion and
chemical influences, and heat resistance. When the fibre
is evenly distributed in foam concrete, it forms a complex
three-dimensional network that effectively prevents the
development and spread of cracks in the material. This
can significantly improve the various properties of foam
concrete, allowing it to withstand heavy loads and impacts
without destruction. In addition, the uniform distribution
of fibre can help in enhancing the overall structural integ-
rity of the material, increasing its durability and reliability
in operation (Amran, 2020).

One of the main parameters used to assess the foamed
concrete’s mechanical characteristics, and allowing to
evaluate the efficiency of uniform distribution of basalt
fibre in it, is its compressive strength. This indicator de-
termines the ability of a material to withstand significant
compressive loads without breaking or significant defor-
mation. The foam concrete’s compressive strength with
basalt fibre directly affects its use in building structures
where the material is subjected to constant or variable
loads (Salami et al., 2022). Compressive strength tests pro-
vide important information about the behaviour of foam
concrete under load. This determines the maximum load
that the material can withstand before the destruction be-
gins. Such data can be used to assess the quality of foam
concrete and compliance of its mechanical characteris-
tics with established standards and to help optimise the
mixture’s composition of foam concrete. By conducting a
strength analysis, it becomes possible to adjust and change
the proportions of components, add various modifiers, or
change production conditions to achieve better material
characteristics. This is especially important when develop-
ing new grades of foam concrete for specific applications
where special properties such as increased strength, light-
ness or improved thermal insulation are required. In addi-
tion, the compressive strength is closely related to other
performance characteristics of foam concrete, such as its
durability and resistance to external influences. A material
with high compressive strength, as a rule, has better resist-
ance to mechanical damage, moisture, and chemicals (Ah-
mad et al., 2023). This makes it more reliable and durable,
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reducing the cost of repair and maintenance of building
structures. The results of compressive strength tests con-
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ducted with samples of conventional and reinforced foam
concrete are shown in Figure 3.

7 28

Curing time, days

==g==Conventional foam concrete

Reinforced foam concrete

Figure 3. Ultimate compressive strength

Source: developed by the authors

Thus, the results of the tests show that the uniform
distribution of basalt fibre in the foam concrete mixture
significantly increases the compressive strength of the
material at various stages of hardening. After 1 day of
hardening, ordinary foam concrete demonstrates a com-
pressive strength of 0.42 MPa, whereas reinforced foam
concrete reaches strength of 0.7 MPa. This indicates a
significant improvement in strength characteristics due
to the addition of basalt fibre. After 3 days of hardening,
the compressive strength of ordinary foam concrete in-
creases to 0.75 MPa, and reinforced foam concrete — to
1.3 MPa, confirming a significant improvement in the
mechanical properties of foam concrete during rein-
forcement. After 7 days of hardening, conventional foam
concrete reaches a compressive strength of 1.25 MPa,

80
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0
1 3

Increase in compressive strength, %

whereas reinforced foam concrete shows a strength of
2.05 MPa. The uniform distribution of the fibre plays a
key role in ensuring these properties, as it contributes
to the uniform distribution of stresses throughout the
entire volume of the material, preventing local stress
concentrations and possible foci of destruction. After 28
days of hardening, conventional foam concrete reaches a
compressive strength of 1.8 MPa, while reinforced foam
concrete reaches 2.65 MPa. This shows that adding the
basalt fibre not only accelerates the strength gain in the
early stages, but also provides a long-term enhancement
of foam concrete’s mechanical properties. The graph
shown in Figure 4 shows the dynamics of the increase
in compressive strength when reinforcing foam concrete
with basalt fibre.

7 28

Curing time, days

Reinforced foam concrete

Figure 4. Dynamics of the increase in compressive strength of reinforced foam concrete

Source: developed by the authors

On the first day of hardening, the percentage increase
is 66.67%, indicating that reinforcement contributes to
the rapid strengthening of the material in the early stag-
es of hardening. This advantage is especially impor-
tant for structures requiring early formwork removal or

& 68 Architectural Studies, 10(2)

rapid strength gain for further construction work. The
3-day period shows an even more pronounced advantage of
reinforced foam concrete, which demonstrates a strength
increase of 73.33% compared to conventional foam con-
crete. Such a significant gain in strength is explained by



the fact that basalt fibre, evenly distributed throughout the
entire volume of the material, forms a mesh structure that
efficiently stops the creation and spread of microcracks,
thereby increasing the resistance of the material to loads.
The percentage increase in strength at the 7-day harden-
ing stage is 64%, which indicates the continued significant
influence of basalt fibre on improving the mechanical fea-
tures of foam concrete. This growth demonstrates that re-
inforced foam concrete retains its improved characteristics
even after some time. In turn, after 28 days, the percentage
increase in strength is 47.22%. Although the percentage
increase in strength decreases over time, reinforced foam
concrete continues to show a significant advantage in com-
pressive strength even at later stages of hardening. One
of the main factors contributing to the improvement of
compressive strength is the ability of basalt fibre to even-
ly distribute loads over the entire volume of the material
(Yang et al., 2021). As a result, the load is not concentrated
in individual areas, but is evenly distributed, which pre-
vents the development of cracks and reduces the likelihood
of local damage.

Another factor is that basalt fibre helps to enhance
the adhesion between the particles of the cement matrix
and aggregates. Since the fibre penetrates into the cement
dough and forms strong bonds between its components,
this strengthens the material and makes it less suscepti-
ble to deformation under the action of compressive forc-
es. Such improved particle-to-particle bonds contribute
to a more uniform pressure distribution and an increased
ability of the material to withstand high loads, which is es-
pecially important for structural elements that experience
significant compressive loads (John & Dharmar, 2021).
Additionally, it should be emphasised that basalt fibre im-
proves the resistance of foam concrete to internal stress
caused by shrinkage and thermal changes. When com-
pressed, internal stresses can lead to cracks, which reduces
the strength of the material. Fibre reinforcement helps to
neutralise these stresses and reduces the risk of cracking,
providing a more stable and reliable structure. This makes
reinforced foam concrete more resistant to various operat-
ing conditions and increases its durability in construction
applications (Yu et al., 2022; Rusho et al., 2024).

Another important characteristic of foam concrete is
its flexural strength, which plays a key role in determining
its performance properties. Flexural strength characterises
the ability of a material to withstand bending forces with-
out breaking and significant deformations. This parameter
is especially important for structural elements subject to
combined loads, such as floor slabs, wall panels, and other
horizontal structures where both vertical and horizontal
forces act on the material. It should be noted that increased
flexural strength can also assist in enhancing the overall
durability of foam concrete. When bending the material,
basalt fibre works as microscopic reinforcing rods, taking
over part of the load and preventing the development and
spread of microcracks. This helps to significantly increase
the durability of structures, reduce the need for repairs, and
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increase the overall reliability of construction sites, making
foam concrete with evenly distributed basalt fibre a more
effective material for use in construction. The results of
bending strength tests conducted with samples of conven-
tional and reinforced foam concrete are shown in Figure 5.

(3%

—_
v

Flexural strength, MPa
e
wu —_

=]

1 3 7 28
Curing time, days
==g== Conventional foam concrete
Reinforced foam concrete

Figure 5. Flexural strength test results
Source: developed by the authors

The results obtained show that after 1 day of harden-
ing, conventional foam concrete demonstrates a bending
strength of 0.38 MPa, whereas reinforced foam concrete
reaches a strength of 0.65 MPa. This confirms the notice-
able strengthening of the strength properties of the ma-
terial due to the use of basalt fibre. After 3 days of hard-
ening, the bending strength of ordinary foam concrete is
0.55 MPa, while reinforced foam concrete has values up to
0.95 MPa, which shows an increase in the resistance of the
material to bending loads with a uniform distribution of
basalt fibre. After 7 days of hardening, conventional foam
concrete reaches a bending strength of 0.9 MPa, where-
as reinforced foam concrete shows indicators reaching a
strength of 1.3 MPa. Ultimately, after 28 days of hardening,
conventional foam concrete reaches a bending strength of
1.15 MPa, while reinforced foam concrete reaches 1.8 MPa,
demonstrating a continued improvement in mechanical
properties over its long service life. The graph shown in
Figure 6 shows the dynamics of the increase in bending
strength when reinforcing foam concrete with basalt fibre.
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Reinforced foam concrete

Increase in bending strength, %

Figure 6. Dynamics of flexural strength gain
of reinforced foam concrete
Source: developed by the authors
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This graph shows that reinforced foam concrete
demonstrates an increase in bending strength by 71.05%
compared to conventional foam concrete after 1 day of
hardening, which indicates rapid strengthening of the ma-
terial due to reinforcement in the early stages of hardening.
After 3 days, there is also a pronounced advantage of rein-
forced foam concrete, whose strength gain is 72.73% com-
pared to conventional foam concrete. Such a significant
improvement in strength is conditioned by the capacity of
basalt fibre to strengthen the connectivity of the foam con-
crete structure. The percentage increase in strength after
7 days of hardening is 44.44%, which indicates the contin-
ued significant influence of basalt fibre on improving the
mechanical qualities of foam concrete. Fibre acts as a rein-
forcing element, distributing loads more evenly and reduc-
ing the likelihood of weak points, which helps to increase
the overall strength and material’s ability to resist bending
forces. After 28 days of hardening, the percentage increase
in strength is 56.52%. This indicates that, despite the slow-
down in strength growth over time, reinforced foam con-
crete retains a clear advantage in flexural strength even at
later stages of hardening.

An important factor is that when bending foam con-
crete without reinforcement, significant stress concentra-
tions may occur at the sites of microcracks, which can lead
to rapid crack development and subsequent destruction of
the material. However, when basalt fibre is introduced into
the foam concrete, the fibre fibres work as microscopic re-
inforcements that distribute stresses and prevent the de-
velopment and spread of microcracks. This, in turn, signif-
icantly increases the material’s resistance to bending loads
(Othman et al., 2020). An additional advantage of the uni-
form distribution of basalt fibre is the improved adhesion
between foam concrete and fibre. When the fibres are even-
ly distributed throughout the entire volume of the materi-
al, each fibre is in close contact with the surrounding foam
concrete matrix. This improves the transfer of forces from
foam concrete to fibre and vice versa, creating a more dura-
ble and uniform structure. As a result, foam concrete with
evenly distributed basalt fibre demonstrates higher bend-
ing strength compared to non-reinforced foam concrete. In
addition, one of the key aspects that allows evaluating the
durability and reliability of foam concrete is its frost resist-
ance. This parameter determines the ability of a material to
maintain its mechanical properties and structural integrity
during multiple cycles of freezing and thawing.

The frost resistance index is especially important for
structures that are subject to sudden temperature chang-
es. Low frost resistance can lead to the destruction of
the material, deterioration of its strength characteristics
and the need for frequent repairs. The foam concrete’s
resistance to frost demonstrates its ability to withstand
cyclical temperature fluctuations without significant loss
of strength or cracking. When water freezes in the pores
of foam concrete, it expands, which can lead to cracks
and disruption of the structure of the material (Zhou &
Su, 2023). The results of frost resistance tests conducted
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with samples of conventional and reinforced foam con-
crete are shown in Figure 7.

0 5 10 15 20 25 30

Number of freeze-defrost cycles

Weight loss, %

==g==Conventional foam concrete
Reinforced foam concrete

Figure 7. Frost resistance test results
Source: developed by the authors

These results show how the weight loss of foam con-
crete differs depending on the number of freezing and
defrosting cycles. In the initial stages of testing, up to 5
cycles of freezing and defrosting, both types of foam con-
crete show negative weight loss values. Ordinary foam con-
crete loses -0.45%, and reinforced concrete loses -0.55%.
Negative values indicate that during this period, both ma-
terials, on the contrary, gain weight. This may be due to
the fact that moisture in the pores of the material freezes
and increases its weight, which indicates the initial stage
of moisture accumulation in the foam concrete structure.
This situation persists on cycles 10 and 15. Convention-
al foam concrete shows a weight loss of -0.95% on cycle
10 and -1.4% on cycle 15, while reinforced foam concrete
loses -1.25 and -1.75%, respectively. These negative values
confirm that at these stages both types of foam concrete
continue to gain weight, which may be the result of further
accumulation of ice and moisture in their pores. However,
reinforced foam concrete demonstrates higher weight gain
values, which may indicate its more complex interaction
with moisture during the freezing process. After 20 cycles,
the weight loss becomes positive. Conventional foam con-
crete loses 0.3%, while reinforced concrete loses 0.1%. This
transition from negative to positive values signals that the
initial stages of moisture accumulation are replaced by a
stage of its loss. This may be due to the destruction of the
structure of the material and the release of accumulated
ice, which leads to a loss of weight. Reinforced foam con-
crete shows less weight loss compared to conventional,
which indicates its better behaviour in conditions of frost
cycles. At cycles 25 and 30, weight losses increase signifi-
cantly: conventional foam concrete loses 1.8% at cycle 25
and 3.7% at cycle 30, while reinforced concrete loses 1.05
and 1.8%, respectively. These data confirm that reinforced
foam concrete demonstrates lower weight loss at all stages
of testing, which emphasises its better frost resistance.

Thus, reinforced foam concrete retains its weight and
structural integrity better than conventional, even under
prolonged exposure to freezing and defrosting cycles. This



is conditioned by the fact that the basalt fibre used for re-
inforcement forms a strong mesh structure inside the ma-
terial, which effectively distributes loads and prevents the
development of cracks. Such cracks may result from wa-
ter freezing and expanding in the pores of foam concrete,
which leads to the destruction of the material. Reinforce-
ment prevents the development and expansion of these
cracks, thereby reducing the likelihood of weight loss dur-
ing freezing and defrosting cycles. Moreover, the uniform
distribution of basalt fibre enhances the overall strength of
the material, which additionally plays a role in its frost re-
sistance. Fibre strengthens the structure of foam concrete,
increasing its ability to withstand internal stresses that
occur when water freezes inside the material. This helps
to prevent damage and deformation, which reduces weight
loss during multiple cycles of freezing and defrosting.

DISCUSSION

A thorough study was conducted of the effect of the basalt
fibre mixing technique in a foam concrete mixture with a
content of 0.5% of the total volume of the mixture. The
main focus was on how the uniform distribution of fibre
affects the mechanical qualities of foam concrete. Assess-
ing the impact of the content of basalt fibre in a volume of
0.5%, the study showed that such a number of fibres pro-
vides a balance between improving strength and prevent-
ing an excessive increase in the viscosity of the mixture,
which can make it difficult to process. It was found that the
addition of fibre in this concentration leads to an enhance-
ment in the mechanical properties of foam concrete, which
makes it more durable and reliable in various climatic con-
ditions. Thus, the uniform distribution of fibre achieved
using a special mixing technique confirms the effective-
ness of reinforcement of foam concrete with basalt fibre
and opens up new opportunities for its use in construction.
Y.-F.Li et al. (2022) also examined the effectiveness of vari-
ous concentrations of basalt fibre, as a result revealing that
the optimal size and concentration of fibres provides opti-
mal improvement in strength characteristics, while small-
er or larger sizes and numbers of fibres lead to a decrease
in these effects due to a deterioration in the uniformity of
distribution or a rise in the mixture’s viscosity. The study
by A. Qsymah et al. (2023) analysed the durability of re-
inforced foam concrete under extreme climatic conditions,
finally confirming that foam concrete with basalt fibre has
the best resistance to temperature and humidity changes.
In turn, M. Liu et al. (2022) examined the impact of differ-
ent concentrations of basalt fibre on the microstructure
of foam concrete, finding that the optimal concentration
of fibre contributed to improving the uniformity of distri-
bution and preventing the development of weak points in
the material. Thus, in combination with the findings of the
mentioned works, the current study’s results emphasise
the high efficiency of using basalt fibre at optimal concen-
trations, which significantly enhances the strength and du-
rability features of foam concrete and expands its potential
applications in construction practice.
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During the compressive strength tests performed in this
study, the characteristics of both conventional foam con-
crete and foam reinforced with basalt fibre were assessed.
For ordinary foam concrete, the compressive strength dur-
ing the first days of hardening was relatively low, which is
typical for this material. At day 1, the compressive strength
was 0.42 MPa, which increased to 1.8 MPa after 28 days. In
the case of reinforced foam concrete, the results were sig-
nificantly more impressive. On the first day of hardening,
the compressive strength was 0.7 MPa, which is already
66% more than that of conventional foam concrete. The
compressive strength of reinforced foam concrete reached
2.65 MPa in 28 days, which is almost 1.5 times higher than
that of its non-reinforced counterpart. These results indi-
cate that basalt fibre effectively strengthens foam concrete,
increasing its ability to withstand compressive loads. As a
result, the reinforcement of foam concrete with basalt fibre
significantly expands its possibilities for use in conditions
where high strength and durability are required (Sidliaren-
ko, 2023). The study by J. Wang et al. (2021) also confirms
these findings, showing with their results that the addi-
tion of basalt fibre leads to a significant improvement in
compressive strength, making the material more suitable
for critical structural elements. P.J. Ardhira et al. (2023)
supplemented these data by discovering during the study
that the optimal choice of reinforcing fibres minimises the
effect on the viscosity of the mixture and simplifies its pro-
cessing. H.S. Gokce et al. (2023) revealed that when a cer-
tain concentration of various fibres is exceeded, a decrease
in compressive strength is observed, which is associated
with the formation of excess fibres, which can create lo-
cal weaknesses in the material. It should be noted that the
results of this study, in comparison with the results of the
mentioned papers, provide a more detailed understanding
of the impact of basalt fibre on the compressive strength
of foam concrete, and also emphasise the importance of
precise control over the concentration of fibre to achieve
maximum performance.

During flexural strength tests, it was discovered that
the adding the basalt fibre to foam concrete also significant-
ly improves its characteristics in this indicator. The main
test results showed that on the first day of hardening, the
bending strength for ordinary foam concrete was 0.38 MPa,
while for reinforced foam concrete it reached 0.65 MPa.
This represents a 71% increase in bending strength com-
pared to conventional foam concrete, which indicates a
significant improvement in resistance to bending loads
during the early stages of hardening. After 28 days of hard-
ening, the bending strength of ordinary foam concrete was
1.15 MPa. However, the bending strength of reinforced
foam concrete has increased to 1.8 MPa. This is almost
57% more than that of conventional foam concrete, which
emphasises the effectiveness of basalt fibre in increasing
crack resistance and bending strength. This allows the use
of reinforced foam concrete in structures where a combi-
nation of high strength and resistance to bending loads is
required. D. Falliano et al. (2022) studied optimising the
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concentration of fibres, as a result, setting the optimal
amount of basalt fibre to achieve maximum bending
strength. In turn, H. Al-Zubaidi & R. Allouzi (2023) analysed
the long-term effects of reinforcement on flexural strength,
confirming that basalt fibre retains its effectiveness for a
long time, preventing cracks and improving the durability of
the material. When comparing the results of this study with
the one of the mentioned studies, it should be highlighted
that the use of basalt fibre in a concentration of 0.5% shows
comparable or even better results in bending strength
than in similar studies, which confirms its effectiveness
for both early and late stages of foam concrete hardening.

In addition, in the course of this study, a frost resist-
ance test was conducted for ordinary foam concrete and
basalt fibre-reinforced foam concrete. In the initial stag-
es of testing, that is, after 5 and 10 cycles, both conven-
tional and reinforced foam concrete showed an increase
in weight, indicating water absorption and possibly initial
swelling of the material. However, starting from 15 cycles,
ordinary foam concrete began to lose weight, which indi-
cates the destruction of the structure and loss of strength
under the influence of cyclic freezing and defrosting. The
weight loss continued and increased to 3.7% by 30 cycles.
Meanwhile, reinforced foam concrete, although it showed
a similar trend in the early stages, had significantly bet-
ter resistance to weight loss. The weight loss of reinforced
foam concrete was 1.8% after 30 cycles, which is 2% less
than that of conventional foam concrete. These results
indicate that basalt fibre enhances the frost resistance of
foam concrete, reducing internal damage and improving
its ability to maintain structural integrity at extreme tem-
peratures. The study by Y. Guo & H. Yokota (2018) found
that under the conditions of freezing and defrosting tests,
ordinary foam concrete loses weight much faster, confirm-
ing the insufficient resistance of this material to frost-re-
sistant conditions. X. Tan et al. (2013) demonstrated that
the utilisation of various types of reinforcement, such as
polypropylene fibres, improves frost resistance, but not
to the same extent as basalt fibre. The results of the study
by W. Zhang et al. (2016) also confirmed that the addition
of steel reinforcing fibres helps to reduce weight loss, but
without reaching the level of efficiency observed when us-
ing basalt fibre. When evaluating the results obtained and
comparing it to the findings of the previous studies, it can
be concluded that basalt fibre demonstrates the highest ef-
ficiency in improving the frost resistance of foam concrete,
providing a significant advantage over other types of rein-
forcing materials.

Thus, research on improving the properties of foam
concrete through reinforcement with various fibres plays
a key role in improving its performance and expanding
the scope of applications in construction. The analysis of
the test results for strength, frost resistance, and other
mechanical properties determines the most effective re-
inforcement methods and identifies the optimal concen-
trations of additives to achieve the required material quali-
ties. Such research contributes to the development of more
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reliable and durable construction solutions, which improve
the safety and durability of structures in general.

CONCLUSIONS

The study found that the uniform reinforcement of foam
concrete with basalt fibre has a significant effect on its
key mechanical qualities, including compressive strength,
bending strength, and frost resistance. Thus, the analy-
sis of compressive strength showed that reinforced foam
concrete shows a noticeable improvement compared to
conventional foam concrete. At the beginning of harden-
ing, on day 1, the compressive strength of reinforced foam
concrete was 0.7 MPa versus 0.42 MPa for the conven-
tional one. This represents an increase of 66% compared
to conventional foam concrete. On day 28, the strength of
reinforced foam concrete reached 2.65 MPa, which is 47%
higher than 1.8 MPa for conventional foam concrete. At
all stages of hardening, reinforced foam concrete demon-
strated sustained superiority, especially in the early stages,
which makes it particularly effective in conditions requir-
ing high compressive strength.

In terms of flexural strength, the results also showed
significant improvement. On day 1 of hardening, the bend-
ing strength of reinforced foam concrete was 0.65 MPa,
which surpasses the standard foam concrete by 71%,
which had a strength of 0.38 MPa. On day 28, the bend-
ing strength of reinforced foam concrete reached 1.8 MPa,
which is 56% higher than 1.15 MPa of conventional foam
concrete. These data show that reinforcement is effective
both in the early and late stages of hardening, improving
bending strength in long-term operation. The frost resist-
ance of reinforced foam concrete is also significantly supe-
rior to conventional foam concrete. At the 30™ test cycle,
reinforced foam concrete demonstrated weight loss rates
of 1.8%, whereas conventional foam concrete showed 3.7%.
This confirms that reinforced foam concrete is more resist-
ant to the effects of freezing and defrosting cycles, which
provides it with greater durability and efficiency of use in
difficult climatic conditions.

It is worth noting that this study has a limitation in
the form of using only one type of basalt fibre during test-
ing, which may not fully reflect all possible variations in
the qualities of foam concrete. For further research, the use
of various types of fibres and fillers should be considered,
including the examination of the impact of these additions
on the durability of the material under extreme operating
conditions. Another promising area is the investigation of
the effect of various additives on the features of reinforced
foam concrete, which can improve other performance char-
acteristics such as water resistance and thermal conductiv-
ity, expanding the scope of foam concrete in construction.
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OocnipXeHHa piBHOMipHOro po3snoainy 6a3anbroBoi ¢iépu
B NiIHOGETOHHIN cyMiLli

AHoOTaLiq. MeTow 1bOro MOCTIIKEeHHS Oy/I0 BMBUEHHS BIUIMBY PiBHOMIpHOTO apMyBaHHs 6a3ajbTOBOI (Gibpoio
Ha MeXaHiuHi BJIACTMBOCTI IMiHOGETOHY, Taki SIK MiI[HiCTh Ha CTUCK, 3IMH i MOpO3OCTiiikicTh. By/no BuKOpucTaHo
KOMIIJIEKCHY METOAMKY, SIka BK/IIOUYajga MPUTOTYBaHHS Ta BUIIPOOYBAaHHSI MiHOOETOHHMX CyMillleil 3 6a3aJbTOBOIO
®i6poro, a TaKoX MpOBeLeHHS] BUMIPOOYBaHb HA MII[HICTb Ta MOPO3OCTifKiCTh 3 BUKOPUCTAHHSIM CIIelliasi30BaHOro
obiagHaHHS. B pesynbraTi MpoBegeHnx oC/iakeHb 6y10 BCTAHOBJIEHO, 1110 PiBHOMipHE JoAaBaHHs 6a3aibToBoi hibpu
[0 CK/IaAy MiHOGETOHY 3HAYHO IMMOKpAIIye H0T0 MeXaHiuHi BJacTUBOCTI. MillHiCTh Ha CTMCK apMOBAHOTO MTiHOGETOHY
3pocia Ha 30-40 % y mopiBHSAHHI 3i 3BMYAHMM MTiHOOETOHOM, 1[0 OCOGIMBO MIOMITHO Ha PaHHIX CTafisIX TBEPAiHHS.
Hanpuknam, micas 28 qHiB TBepAiHHS MilIHICTh Ha CTMCK apMOBAHOTO MiHO6eTOHY cTaHOBMIA 2,65 MIla, Tozi SIK Ajist
HeapMOBAHOTO aHajora BoHa mocsrana juiie 1,8 MITa. Kpim Toro, apmoBaHuit miHO6eTOH MPOLEMOHCTPYBAB 3HAUHE
MOTITIIIIEHHST MilTHOCTi Ha BUTUH. ITicist 28 mHIB TBepiHHS MillHiCTh Ha BUTMH cTaHoBuWiIa 1,8 MIla, o Ha 56 % Buiie
B IMOpPIiBHSHHI 3i 3BMYalHMM ITiHOOETOHOM, Yy SIKOTO Lieii MOKa3HMK cTaHOBUB 1,15 MIla. e cBiguuMTh Mpo Te, L0
6asanbroBa (ibpa edexTrBHO 3amobirae po3BUTKY MiKPOTPIlVH, MiABUILYIOUM 3arajibHy LOBTOBIUHICTH MaTepiaiy.
Kpim Toro, B Xoai JowTiisKeHHST OY/I0 BUSIBJIEHO TOJIIITIIEHHS MOPO30CTiiiKOCTi MiHOGETOHY, apMOBAaHOI0 6a3abTOBOIO
¢di6poro. TTicas 30 HMKIiB 3aMOPOKYBAHHS i PO3MOPOKYBAHHSI apMOBaHMII MiIHOOETOH MMOKAa3aB MEHIy BTPaTy Baru
Ha 1,8 % B mopiBHSHHI 3i 3BMYaliHMM MiHOGETOHOM, y SIKOTO IIeii TTOKa3HUK mocar 3,7 %. lle cBiguuMTh PO BUCOKY
CTiliKiCTh MaTepiany A0 UMKIIYHMUX KIIMAaTUYHMUX BIUIMBIB, IO POOUTDH OTO Oi/bII MPUIATHUM [JisI BUKOPUCTAHHS
B eKCTpeMaJbHUX KAiMaTUUHUX YMOBaX. TakKMM UYMHOM, OTPMMaHi pe3yabTaTy MiATBePAKYIOTh 3HAUHe TOJilIleHHs
MeXaHiYHMX BJIACTMBOCTe)l apMOBAHOIO MiHOOGETOHY, JEMOHCTPYIOUN, 1[0 apMyBaHHS 6a3aabToBo0 (Gibpoio pobuTh
Jioro 6iibII HaAi/iHUM i JOBrOBiYHMM MaTepiaaom Jist pisHUX OyIiBeTbHUX 3aCTOCYBaHb

KniouoBi cnoBa: miHo6eTOH; apMaTypa; 6a3ajbTOBE BOJIOKHO; afre3iss 1[eMEeHTHOTO PO3UMHY; MII[HICTh Ha CTUCK;
MIlIHiCTb Ha BUTMH; MOPO30CTiliKiCTh
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