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The object of the research is the quality of 
cementing oil and gas wells with increasing the 
strength and deformation capacity of cement stone 
using basalt fibers.

Cement slurry used in cementing oil and gas 
wells faces the problem of failure under the influence 
of hydraulic fracturing and perforation procedures. 
This failure leads to the formation of cracks and may 
require remedial cementing, which increases oper-
ating costs and complicates the process of oil and 
gas production. Moreover, this problem can lead to 
premature well water breakthrough and cause seri-
ous damage such as oil and gas shows and blowouts, 
which poses a threat to the environment and safe-
ty. To solve the problem of the destruction of cement 
stone under external influences, the study proposed 
the approach of reinforcing with basalt fiber.

During the study, a cementing material based on 
Portland cement, reinforced with various concentra-
tions of basalt fibers (0.1 %, 0.5 %, 1 % and 2 %), 
was developed and tested. Cement strength tests at 
2, 7, and 14 days, along with deformation monitoring 
under load, were performed.

The addition of basalt fibers to cement stone 
significantly improved its strength characteristics. 
The most successful results were achieved with the 
addition of 0.5 % basalt fibers, resulting in an 11 % 
increase in compressive and flexural strength. Basalt 
fibers complement the structure of cement stone, 
increasing its ability to deform. 

One of the key features of the obtained results is 
the possibility of improving the strength of the cement 
stone without losing its fluidity as a cement slurry. 

The results obtained are applicable in the devel-
opment and production of cement materials based 
on basalt fibers. This will improve the quality of well 
cementing and reduce the risks of complications
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1. Introduction

The increased emphasis on ensuring reliable well ce-
menting, especially its quality, can be attributed to the fact 
that this stage is the concluding step in well design. Any mis-
haps or shortcomings during these tasks can undermine all 
the positive outcomes achieved in earlier phases of the work.

Insufficient cementing quality often becomes the primary 
cause of oil and gas influxes, gas seepage, and uncontrolled 
emissions, all of which can result in significant harm. Addi-
tionally, subpar cementing leads to an inaccurate estimation 
of oil and gas reserves in productive formations, contributes 
to crossflows into lower-pressure strata, and causes water 
breakthroughs into productive zones. Successfully addressing 
the task of isolating productive formations plays a crucial role 
in ensuring the long-term, trouble-free operation of facilities, 
thereby reducing unforeseen expenses for well maintenance.

Regrettably, experience shows that the most vulnerable 
part, namely the cementitious material, is the weak link that 
is easily compromised by external factors. These factors 

include aggressive environments, pressure differentials, and 
dynamic loads transmitted to the cementitious material 
through the casing during various operational procedures, 
such as hydraulic fracturing and perforation [1–3].

Modern cementitious materials based on Portland cement 
exhibit insufficient impact resistance and perform poorly un-
der shock loads, as well as having low tensile strength.

Many researchers believe that problems related to pre-
mature water breakthroughs in wells are directly linked to 
the limited deformability of the cementitious material. To 
enhance the strength properties of the cementitious material, 
a reinforcement method is employed, involving the addition 
of fibrous fillers to the cement [4]. This process operates on 
the principle of a “composer,”, where a portion of the tensile 
load acting on the cementitious material is transferred to a 
“reinforcing” layer formed by the added fibers. Various types 
of fibers, such as asbestos, polyamide, basalt, and others, are 
effectively used to achieve this goal [5–7].

In recent years, it has been found that basalt fibers in 
cement exhibit higher strength characteristics and economic 
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efficiency compared to other fibers [5]. Basalt fiber is widely 
used in the construction industry for reinforcing concrete. 
Basalt fiber possesses high resistance to aggressive environ-
ments, thermal insulation properties, resistance to very low 
temperatures, high strength, elastic modulus, and is readily 
available in the market at relatively low cost [5, 7–9]. The 
fibers are produced from molten volcanic rocks, then passed 
through special forms to create fibers. Subsequently, the 
fibers are ground, and a binder is added to create a three-di-
mensional structure. The advantages of basalt fiber include 
its light weight, corrosion resistance, high adhesion, and 
compatibility with the cement matrix [5].

By analyzing the influence of basalt fiber on the mechan-
ical and deformation properties of cementitious materials 
and developing new formulations, researchers can assess 
the potential benefits of using such materials in well drill-
ing. These findings drive the development of more flexible 
cement sheaths that can better withstand issues such as 
fluid movement, pressure fluctuations, and temperature 
changes. This, in turn, reinforces the integrity of the well-
bore and reduces the risks associated with unwanted fluid 
migration. Consequently, the study of basalt fiber’s impact 
on the strength and deformation properties of cementitious 
materials, with the aim of enhancing the reliability of cement 
sheaths in well drilling, is of great relevance.

2. Literature review and problem statement

The paper [10] presents the results of a study on the impact 
of adding basalt fiber to various compositions of high-strength 
concrete. Three mixtures were used in the experiments: one 
with 100 % cement and two with the replacement of 10 % 
cement with microsilica and metakaolin, respectively. The 
results obtained indicate that the addition of basalt fibers in 
combination with mineral additives increases the compressive 
strength of concrete. The strains corresponding to maximum 
compressive and tensile strengths are also improved at all fiber 
volumes. However, it should be noted that the effect of adding 
fibers on the elastic modulus of concrete is negligible.

The work [11] focuses on studying the impact character-
istics of concrete reinforced with different volume fractions of 
basalt fiber and its behavior at different strain rates. It is noted 
that the damage of concrete increases with an increase in the 
rate of deformation under shock loading. The addition of basalt 
fibers helps to reduce the brittleness of concrete and increase its 
impact strength. However, it should be noted that the results of 
the study emphasize the significant effect of strain rate, and the 
dynamic compressive strength increases almost linearly with 
increasing strain rate. It is necessary to consider the limitations 
associated with the use of a particular research method and the 
characteristics of the conditions used.

The study [12] examines the influence of adding different 
proportions of basalt fiber to concrete to enhance its impact 
viscosity and prevent cracking. Tests were conducted on 
concrete samples with varying contents of basalt fiber for 
compression, tension, and flexure. The test results, failure 
modes, and mechanical properties were compared and ana-
lyzed to establish the relationship between the content of ba-
salt fiber and the mechanical properties. The obtained data 
show that basalt fiber significantly improves the strength 
and crack resistance of concrete. The effect of basalt fiber on 
compressive strength is less pronounced compared to tensile 

and flexural strength. The greatest improvement is observed 
at a basalt fiber content of 0.3 % and 0.4 %.

The work [13] aims to investigate the influence of ba-
salt fiber content on the mechanical properties of uniaxial 
compression and damage characteristics of concrete. The 
results showed that introducing an appropriate amount of 
basalt fiber enhances the compressive strength of concrete, 
reduces damage characteristics, slows down cracking, and 
transforms long cracks into micro-cracks.

The paper [14] presented a comprehensive examining of 
the deformation of basalt fiber-reinforced cement stone using 
a method for studying the dynamic shear characteristics of 
cement stone at various concentrations from 0.1 % to 0.3 % 
and at various fiber lengths, followed by scanning on an 
electron scanning microscope. The experiments carried out 
showed the effectiveness of using a fiber length of 6 mm at 
a concentration of 0.2 %. However, the presented studies 
were not compared with strength characteristics and the 
influence of the dynamic shear characteristics on other tech-
nological properties of cement was not shown.

In the study [15], tests were conducted on the tensile 
splitting of concrete specimens with varying loading rates 
and basalt fiber content, the influence of these variables 
on the dynamic splitting properties during tension and the 
damage characteristics of basalt fiber-reinforced concrete. 
The results showed that the inclusion of basalt fiber can 
increase the flexural strength of concrete and result in more 
ductile behavior with fewer cracks. Additionally, the fiber 
improves crack resistance and significantly enhances the 
behavior of beams under flexural loading.

In the paper [16], the characteristics of the behavior 
and energy dissipation of basalt fiber-reinforced concrete 
with different fiber content at different strain rates are 
investigated. The experiments were carried out using a 
split Hopkinson pressure bar. According to the results of 
the study, the fractal dimension of basalt-fiber-reinforced 
concrete increases in proportion to the strain rate, while the 
introduction of fiber restrains this growth. The process of 
dynamic concrete failure distinguishes four sections: initial 
compaction, plastic flow, energy storage after peak load, 
and subsequent damage. The density of dissipated energy 
increases linearly with increasing strain rate, and the energy 
dissipation rate has a quadratic dependence on the fractal 
dimension and strain rate.

Research findings indicate that the inclusion of basalt fibers 
in concrete does not significantly influence its compressive 
strength. Also, the strength properties under compression 
and bending are regulated for cement stone. However, some 
researchers believe it is necessary to introduce requirements for 
the elastic properties of cement stone and propose introducing 
indicators of cement stone properties necessary for evaluating 
its elastic properties, which are important during operations 
that subject it to impact loads [13, 14, 17, 18]. The examination 
conducted highlights that most studies have concentrated on 
assessing strength-related properties, while a comprehensive 
understanding of its deformation characteristics remains rel-
atively limited. Consequently, it is advisable to explore the 
effects of basalt fiber on deformation characteristics and for-
mulate a suitable cement slurry accordingly. This would not 
only expand our understanding of the material’s behavior but 
also facilitate the development of cement slurries tailored to 
specific performance requirements, including deformation-re-
lated aspects.



Eastern-European Journal of Enterprise Technologies ISSN 1729-3774 5/6 ( 125 ) 2023

60

Basalt rocks are based on various minerals, including 
basic plagioclase (labradorite), bytonite, augite, olivine, and 
a glassy phase. Each of these minerals has its own unique 
chemical composition and structure.

The basic plagioclase, represented as a labradorite, has 
the following chemical formula: K0.1Na0.54Ca0.36(Si,Al)4O8. 
Bytovnite has the formula K0.1Na0.72Ca0.18(Si,Al)4O8. 
Augite is represented by the formula [Ca (Mg,Fe(II))
(Al,Fe(III),Ti){(Si,Al)2O6}]. Olivine is denoted by the for-
mula [(Mg,Fe)2{SiO4}]. In addition, basalt contains an in-
completely crystallized glassy phase [19].

The chemical composition of basalt includes the main 
rock-forming oxides. SiO2 is 43–58 % (wt.), Al2O3 is 11–20 %, 
CaO is 7–13 %, FeO+Fe2O3 is 8–16 %, and MgO is 4–12 %. 
In addition to these oxides, basalt also contains Na2O, K2O, 
and TiO2, the content of the latter can reach up to 4 % [20].

The appearance of the fiber is shown in Fig. 1.

Fig.	1.	Basalt	fiber

Strength tests of the cement stone sample were carried 
out at the age of 2, 7 and 14 days. After preparation and 
extraction from water, the cement samples were tested on 
a Mitsis-200-3 instrument. The flexural and compressive 
strength tests were conducted following the guidelines out-
lined in GOST 28985-91. For these tests, molds conforming 
to the specifications of GOST 28985-91 were utilized to 
prepare cement beams with dimensions of 40×40×160. The 
test was conducted using basalt fiber with diameters of both 
3 mm and 6 mm. The device is shown in Fig. 2.

This device, in addition to compressive and bending 
strength, made it possible to measure the deformation of 
cement stone. To facilitate this process, an enhancement was 
implemented by incorporating dial indicators with a scale 
division of 0.01 mm into the device’s structure. Fig. 3 illus-
trates the dial indicator.

A schematic diagram of the deformation determination is 
shown in Fig. 4, which shows a sample of cement stone, the 
deformation of which is recorded by dial gauges.

To determine the deformation, it is necessary to compare 
the readings of the dial indicators before and after applying 
the load to the sample. The difference between the initial and 
final readings of the indicators was used to determine the 
degree of sample deformation.

Hence, it is advisable to conduct further research to 
explore how basalt fiber affects deformation characteristics 
and to formulate a suitable cement slurry accordingly.

3. The aim and objectives of the study

The aim of this study is to identify the effect of adding 
basalt fiber on the strength and deformation capacity of 
cement stone. This will increase the long-term integrity of 
cement used in oil well cement slurries. 

To achieve the set aim, the following objectives have been 
identified:

– to study the effect of basalt fibers on the strength prop-
erties of cement stone;

– to study the deformation characteristics of cement stone 
under various types of loads: bending, compression and rupture.

4. Materials and methods

The object of the research is the quality of cementing oil 
and gas wells with increasing the strength and deformation 
capacity of cement stone using basalt fibers.

The operational concept behind fiber-reinforced ce-
ments, which incorporate fibers from diverse sources, relies 
on the observation that when the material is subjected to 
dynamic loads, a portion of the load is absorbed by the fibers 
integrated into the cement matrix. These cements exhibit a 
distinct mode of structural failure, with the gradual deteri-
oration of the fibers that are tightly bonded to the cement 
substrate. This characteristic enables an enhancement in the 
overall strength of the cement under various types of loading 
conditions, while also increasing its resistance to impacts.

In this paper, we present the results of experiments in which 
we investigated the strength of cement stone at different fiber 
concentrations and at different stages of hardening. We also 
analyzed how the deformation capacity of the stone changes de-
pending on the hardening time at different fiber concentrations.

When determining the strength and deformation ca-
pacity, a Portland cement I-50 class (applicable according 
to GOST 1581-2019) with a water-cement ratio of 0.5 was 
used, and the following mixtures were employed:

1. Base Portland cement.
2. Base Portland cement+basalt fiber (0.1 % by mass).
3. Base Portland cement+basalt fiber (0.5 % by mass).
4. Base Portland cement+basalt fiber (1 % by mass).
5. Base Portland cement+basalt fiber (2 % by mass).
The water-cement ratio was set at 0.5, which is explained 

by using Portland cement I-50 in our study, designed for 
shallow wells with low to moderate temperature conditions 
according to GOST 1581-2019. This is particularly relevant 
for wells that do not exceed a depth of 2,500 meters. 

The main characteristics of basalt fiber are shown 
in Table 1.

Table	1

Physical	Characteristics	of	Basalt	Fiber

Minimum 
fiber diameter 

(µm)

Maximum 
fiber diameter 

(µm)

Average fiber 
diameter 

(µm)

Measured length 
of the fiber  

segment (mm)

Mass fraction 
of moisture, 

no more

Loose mass 
density, 
kg/m3

Chemical resistance (weight loss 
after 3 hr boiling, g): Operating 

temperature, °Cin 
water

in sodium 
hydroxide

in hydrochloric 
acid

20 400 200±20 6.12.18.24±1.0 0.3 70–80 1.6 2.75 2.2
from minus 270 

to plus 750
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The maximum load during loading tests is recorded on 
the digital control panel, and the device also allows you to 
record the results of research.

5. Results of experimental investigation of the strength 
characteristics and deformation capacity of cement stone 

reinforced with basalt fiber

5. 1. Investigation of the strength characteristics of 
cement stone for each concentration 

The results of studies of strength characteristics for 
each concentration and 2, 7, 14 days of hardening are shown 
in Table 2. 

Table 2 suggests that even though on the 2nd and 7th days 
there is no increase in tensile strength at any concentration 
of basalt fibers, already on the 14th day of hardening, the best 
result in terms of compressive strength and bending strength 
of cement stone is observed at a basalt fiber concentration 
of 0.5 %.

Table	2

Results	of	experiments	to	determine	the	strength	of	cement	
stone	at	different	concentrations	and	different	ages		

of	hardening

Fiber  
percentage

Ultimate compressive 
strength, N/mm2

Ultimate flexural 
strength, N/mm2

2 days 7 days 14 days 2 days 7 days 14 days

Portland 
cement

24.50 39.79 37.47 6.04 5.67 6.68

Portland  
cement+0.1 %

23.59 29.94 38.36 4.32 5.83 5.79

Portland  
cement+0.5 %

23.66 26.95 41.58 5.31 5.17 7.43

Portland 
cement+1 %

23.67 30.72 38.18 4.94 6.01 4.71

Portland 
cement+2 %

23.43 33.34 27.84 5.65 5.41 5.69

As an example of the dependence of deformation on load-
ing, we present the results of measuring a cement stone at the 
age of 2 days at various concentrations of basalt fiber.

5. 2. Investigation of the deformation capacity of rein-
forced cement stone under load

According to the results of the research, the depen-
dencies of the load on the magnitude of deformation of the 
cement stone at the age of 2 days were obtained, the results 
are displayed in Fig. 5–9. 

When using pure cement (Fig. 5), the deformation of 
the cement stone increases with increasing load. This can 
be seen from the strain values that increase as the load in-
creases.

The strain values for each indicator are different. Lon-
gitudinal deformation (1st indicator) has lower values com-
pared to transverse deformation (3rd indicator) and trans-
verse deformation for the 2, 4th indicators.

With an increase in load, the strain values for all indi-
cators increase, which indicates an increase in the overall 
deformation of the cement stone.

Fig.	5.	Deformation	of	cement	stone	for	each	indicator,		
pure	cement

When adding 0.1 % fibers to the cement stone (Fig. 6), a 
decrease in the deformation value is observed compared to 
pure cement under the same loads.

 

 
 

   

 
  

 

 
 

  

Fig.	2.	Mitsis-200-3	device

Fig.	3.	Dial	indicators

Fig.	4.	Schematic	diagram	of	testing	a	cement	sample
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The addition of fibers results in a reduction in deforma-
tion in all indicators. The strain values for each indicator 
when fibers are added are less than for pure cement at the 
same loads.

The strain values for each indicator increase with in-
creasing load, but with fibers they remain lower than with 
pure cement.

Longitudinal deformation (1st indicator) has lower val-
ues compared to transverse deformation (3rd indicator) 
and transverse deformation for the 2, 4th indicators, which 
indicates more effective resistance to deformation in the 
longitudinal direction.

By adding 0.5 % fibers to the cement stone (Fig. 7), the 
deformation is significantly reduced compared to pure ce-
ment and cement with 0.1 % fibers.

The strain values for each indicator when using 0.5 % 
fibers are the smallest compared to other concentrations, 
indicating a higher efficiency of adding more fibers.

Longitudinal strain (1st indicator) still has smaller values 
compared to transverse strain (3rd indicator) and transverse 
strain for the 2, 4th indicators.

As the load increases, the strain values increase but re-
main lower compared to pure cement and cement with 0.1 % 
fibers.

Fig.	7.	Deformation	of	the	cement	stone	for	each	indicator,	
0.5	%	fiber

From the graph (Fig. 8), with an increase in load, there 
is an increase in the values of deformation for all indicators. 
Longitudinal deformation (1st indicator) has the smallest 
values, while transverse deformation (3rd indicator and 2, 
4th indicators) has more pronounced values. The use of 1 % 
fiber in the cement stone results in more noticeable trans-
verse deformation compared to longitudinal deformation.

Fig.	8.	Deformation	of	the	cement	stone	for	each	indicator,	
1	%	fiber

It can be seen from the graph (Fig. 9) that with an 
increase in load, an increase in the values of deformation 
occurs for all indicators. Longitudinal deformation (1st indi-
cator) has the smallest values, while transverse deformation 
(3rd indicator and 2, 4th indicators) has more pronounced 
values. The use of 2 % fiber in the cement stone results in 
more noticeable transverse deformation compared to longi-
tudinal deformation.

Fig.	9.	Deformation	of	the	cement	stone	for	each	indicator,	
2	%	fiber

With an increase in the concentration of fibers in the 
cement stone, an increase in the strain values is observed. 
The transverse deformation (3rd indicator and 2, 4th indica-
tors) becomes more noticeable compared to the longitudinal 
deformation (1st indicator).

2 % fiber results in more pronounced strain values across 
all indicators compared to 0.5 % and 1 % fiber. Based on 
the presented data, it can be assumed that a fiber content 
of 0.5 % may be potentially optimal for achieving maximum 
strength of the cement stone. In this range, there is a signif-
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icant increase in the strength of the material 
and a moderate increase in deformation.

The results of experiments to study the 
longitudinal and transverse deformation of the 
stone are shown in Fig. 10–12.

Longitudinal deformation of the cement 
stone: With increasing fiber concentration 
(from 0.1 % to 2 %), the longitudinal deforma-
tion of the cement stone decreases over time 
from the onset of hardening (2, 7 and 14 days). 
This indicates an improvement in the strength 
characteristics of the material with the addi-
tion of fibers. There is a decrease in deformation 
with increasing hardening time in all cases.

Transverse deformation according to the 
second and fourth indicators: With increasing 
fiber concentration (from 0.1 % to 2 %), the 
transverse deformation according to the second 
and fourth indicators has different dynamics 
depending on the hardening time. In some cases  
(e. g. 2 week-curing) there is a decrease in strain 
with increasing fiber concentration, while in oth-
er cases (e.g. 7-day curing) there is an increase in 
strain with increasing fiber concentration.

The third indicator transverse deformation: 
In the case of the third indicator transverse de-
formation, the effect of fiber concentration and 
hardening time is also observed. An increase 
in the fiber concentration can lead to both an 
increase and a decrease in transverse strain, 
depending on the hardening time.

The graph below (Fig. 10) shows that with 
increasing fiber concentration, the longitudinal 
deformation of the cement stone decreases. It 
is also noticeable that over time (hardening 
time), the deformation decreases regardless of 
the fiber concentration.

In the graph below (Fig. 11), with an in-
crease in the fiber concentration, the transverse 
deformation of the cement stone according to 
the second and fourth indicators increases. It 
can also be seen that the strain decreases over 
time for all fiber concentrations.

There is a decrease in longitudinal strain 
with increasing fiber concentration. The opti-
mum fiber content for minimum buckling may 
be in the range of 0.5 % to 2 %.

The effect of fiber concentration on trans-
verse strain can be ambiguous and depends on 
the setting time and the specific indicator. In 
some cases, the optimum fiber content for min-
imum transverse strain may be around 0.1 %, 
while in other cases the optimum content may 
be higher, for example in the range of 0.5 % 
to 1 %.

6. Discussion of the experimental results of 
cement stone basalt fiber reinforcing

The obtained results can be attributed to 
several factors. The study clearly demonstrates 
the impact of varying concentrations of basalt 
fibers and different curing durations (2, 7, and 
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14 days) on the material’s strength characteristics (as shown 
in Table 2). Notably, during the initial 2 and 7 days, there 
is no significant increase in tensile strength observed with 
the addition of basalt fibers across all concentrations. How-
ever, a noticeable enhancement in compressive and flexural 
strength becomes evident on the 14th day when utilizing a 
0.5 % concentration of basalt fiber.

Regarding deformation analysis under various loads, dis-
tinct trends emerge (as depicted in Fig. 5–9). Pure cement 
samples exhibit a correlation between increased loads and 
augmented deformations, as confirmed by rising deforma-
tion values. This trend varies across different parameters, 
where longitudinal deformation exhibits lower values com-
pared to lateral and transverse deformations. The inclusion 
of 0.1 % basalt fibers in cement notably reduces deformations 
at the same loads as pure cement, with fiber admixture 
leading to reduced deformation values across all parameters, 
even lower than pure cement. While deformations increase 
under higher loads, they remain lower in the presence of 
fibers. Notably, longitudinal deformation displays greater 
stability than transverse deformation.

Furthermore, the introduction of 0.5 % basalt fiber 
substantially reduces deformations compared to both pure 
cement and the 0.1 % fiber concentration. At this concen-
tration, minimal deformation values are evident, indicating 
the higher effectiveness of increased fiber concentration. 
Despite the persistent lower longitudinal deformation com-
pared to transverse deformation, the application of higher 
loads still leads to greater deformation values than using 
pure cement and the 0.1 % fiber concentration.

A detailed examination of deformation with varying 
fiber concentrations reveals an interesting pattern. Defor-
mation values increase with elevated fiber concentrations, 
particularly for transverse deformations. A high fiber concen-
tration (2 %) results in more pronounced deformation than 
concentrations of 0.5 % and 1 %. From the data gathered, it 
can be deduced that the optimal fiber content for achieving 
maximum cement strength is 0.5 %, leading to significantly 
increased strength and moderate deformation enhancement.

The analysis of longitudinal and transverse deforma-
tion patterns (as depicted in Fig. 10–12) highlights in-
triguing tendencies. Longitudinal deformation diminishes 
with higher fiber concentrations, indicating improved 
material strength over time. The dynamics of transverse 
deformation are influenced by the duration of exposure, 
demonstrating both reduction and elevation of deformation 
under higher fiber concentrations, contingent on exposure 
periods. The impact of fiber concentration on transverse 
deformation proves intricate and variable, dependent on 
curing time and specific parameters. The optimal fiber 
content for minimizing transverse deformation can range 
from 0.1 % to 1 %.

This work provides a detailed characterization of load-
strain behavior at various fiber concentrations, which may 
be crucial in developing optimal building solutions using 
these materials.

However, it’s important to acknowledge the limitations 
of this study. The tests were conducted within a limited 
time frame (2, 7, and 14 days), which may not fully account 
for the long-term effects of basalt fibers on the material. 
Additionally, laboratory test conditions may not accurately 
replicate the influence of real construction factors such as 
environmental and chemical influences. Considering addi-
tional types of reinforcement and real building conditions 

can provide a more comprehensive understanding of mate-
rial behavior.

For the further development of this study, real construc-
tion scenarios, various types of reinforcement, and the long-
term behavior of the material should be taken into account. It 
is also essential to conduct more comprehensive analyses that 
consider the economic feasibility and practicalities of building 
practices. Addressing these limitations will yield more appli-
cable and accurate results for the construction industry.

7. Conclusions

1. Failure of fiber-reinforced cement varies markedly 
from base cement behavior. Standard composition break-
down results in large chip formation due to brittle fragmen-
tation. Reinforced cement failure reveals smaller local cracks 
and chips, indicating higher energy-intensive destruction. 
Reinforcement of concrete with fiber increases its strength 
characteristics, as well as plastic properties. In the study, 
with the help of reinforcement, it was possible to increase the 
compressive and bending strength by 11 %. This is since a 
randomly located fiber in the composition of the cement ma-
trix perceives a part of the external load, not allowing it to 
fully affect the cement stone in the initial stages of loading. 
The most successful results were achieved with the addition 
of 0.5 % basalt fiber, at which the stone has the highest 
strength characteristics and does not lose its flow properties 
in the form of a cement mortar. The optimal concentration 
of the reinforcing material is 0.5 %, it is at this ratio that the 
strength and deformation characteristics can be increased 
while maintaining the flow properties of the cement slurry. 

2. Deformation values exhibit an upward trend with in-
creasing fiber concentrations, particularly in the case of trans-
verse deformations. A high fiber concentration (2 %) notably 
yields more significant deformations compared to concentra-
tions of 0.5 % and 1 %. The optimal fiber content for maximiz-
ing cement strength is 0.5 %, resulting in a substantial increase 
in strength with a moderate enhancement in deformation.
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