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ABSTRACT
The samples of fiber concrete with different lengths of basalt fiber have been tested. The

characteristics of basalt fiber used for the manufacture of fiber concrete are given. The aim of the
study is to identify the pattern of influence of fiber length on the strength characteristics of fiber
concrete. The paper presents the results of determining the compressive and bending tensile
strength of fine-grained fiber concrete with no fiber added (control composition) and with the
addition of basalt fiber 0.2 % of the weight of cement with a fiber length of 40 mm, 20 mm, 10 mm
and 5 mm. It is demonstrated that the optimal limits of basalt fiber introduction into the mixture
of fine-grained concrete can be considered a length of 20 mm fibers, which leads to an increase in
compressive strength up to 47.2 %, in bending tensile strength up to 2 times more in comparison
with the control composition.

Keywords: Basalt fiber, reinforcement, compressive strength, bending.

Nurbayeva Marzhan Nurbaykyzy

Information about authors:
Ph.D. Student, Department of Technology of Industrial and Civil Construction, L.N. Gumilyov
Eurasian National University, 010000, Satbayeva Street 2, Astana, Kazakhstan. Email:
marzhan_nurbaeva@mail.ru

Lukpanov Rauan Ermagambetovich

Ph.D., Professor of the Department of Technology of Industrial and Civil Construction, L.N. Gumilyov
Eurasian National University, 010000, Satbayeva Street 2, Astana, Kazakhstan. Email:
rauan_82@mail.ru

Aruova Lyazat Boranbayevna

Dr. tech. sc., Professor of the Department of Technology of Industrial and Civil Construction, L.N.
Gumilyov Eurasian National University, 010000, Satbayeva Street 2, Astana, Kazakhstan. Email:
ecoeducation@mail.ru

Gunasekaran Murali

Professor of the Division of Research & Innovation, Uttaranchal University, Dehradun 248007,

India. Email: murali_220984@yahoo.co.in

Introduction

In the last few years, high-strength concretes
with various modifying additives and fillers have
been gaining popularity due to the development of
high-rise buildings. The consequence of this trend is
an increase in the requirements imposed on the
construction materials from which the building or
structure is erected. Due to the addition of various
components [1], engineers achieve an increase in
important indicators of the material: strength,
cracking resistance, wear resistance, durability,
impact resistance, service life, etc.

Fibers of natural or artificial origin are used to
increase the resistance of concrete [[2], [3]]. Its
effect is aimed at several characteristics of concrete:
resistance to cracks, water resistance, and frost
resistance. After adding the material to the
concrete, it is evenly distributed throughout the

mixture and increases its strength many times over,
and the fiber copes with this task much better than
traditional mesh reinforcement [[4], [5]].

One of the popular modern fillers used today is
basalt fiber, which has high adhesion. A special place
among reinforcing additives in concrete is occupied
by basalt fiber, the technology of its introduction, as
well as its quantitative content in concrete
compositions, its influence on the formation of the
structure and properties of cement mortars and
concretes are of interest [6].

Basalt fiber is a special material produced from
sedimentary basalt rocks with further melting and
transformation into fibers [[7], [8], [9], [10]]. The
diameter of the particles ranges from 20 to 500
microns, with lengths from 1 to 150 mm. Basalt fiber
has a high elastic modulus (75 GPa, which is higher
compared with other types of fiber, except steel
(190 GPa)), a low percentage of elongation at break
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(3.2%, which is lower compared with all other types
of fiber), and acceptable density (2600 kg/m?3) and
melting temperature (1450 °C) [2]. Basalt fiber is
used in the production of dry mortars, cellular
concrete blocks, chemically resistant pipes, and
concrete collectors, as well as in the construction of
floor screeds and foundations.

According to the authors [4], a study of the
effect of highly dispersed fibrous fillers on the
mechanical properties of fiber concrete using basalt
micro reinforcing fiber length of 12 mm and a
diameter of 10 microns, leads to increased rates of
compressive and flexural strength of samples that is
explained by the cohesion of basalt fibers with the
cement-sand matrix [[11], [12], [13], [14]].

Basalt-fiber concrete has high flexural and
tensile strength with good technological properties.
It allows you to reduce the percentage of
reinforcement and metal mesh in the concrete
elements. It is also worth noting that concrete with
the addition of basalt fiber can tolerate more elastic
deformations, as basalt fiber has a high modulus of
elasticity and almost no plastic deformations [15].
Basalt fiber is not subject to corrosion and has 2-2.5
times higher strength compared with metal fiber.
Dispersed reinforcement of the cement matrix with
basalt fiber has significant advantages: no corrosion,
significantly  lower  specific  weight, radio
transparency, better bonding with the matrix,
increased plasticity of the mortar and prevention of
cracking [[16], [17]]. This opens up opportunities for
the wide application of basalt fiber for concrete
reinforcement in earthquake, hydraulic, and road
construction.

The superfine fiber reacts with the cement
medium as an active mineral additive, followed by
the formation of needle-like crystals, increasing the
strength of the concrete. However, the strongly
alkaline nature of the medium affects the strength
of the fiber and, ultimately, the strength
characteristics of the reinforced concrete [[18], [19],
[20]].

The following problems were resolved:

1. Preparation of specimens under laboratory
conditions;

2. Strength in the bending;

3. Compressive strength;

4. The analysis of the Results.

Comparisons of the results of laboratory tests
were carried out for five types of concrete:

Type 1: control of the composition of concrete
without fiber;

Type 2: composition of concrete with basalt
fiber of 40 mm length;

Type 3: concrete composition with basalt fiber
with a length of 20 mm;

Type 4: Concrete composition with basalt fiber
with a length of 10 mm;

Type 5: concrete composition with basalt fiber
with a fiber length of 5 mm.

Purpose of the study: evaluation of the influence
of the length of basalt fiber on the strength of
standard concrete specimens.

Experimental technique

For the experiments as a binding used portland
cement PC 400 DO with no addition, the real density
was 3100 kg/m?3, bulk density was 1100-1600 kg/m?3.

A small fraction of the sand filler used natural
quartz sand with a particle size modulus of 2.23,
meeting the requirements of GOST 8736-2014 "Sand
for construction works.

Basalt fibers with lengths of 40 mm, 20 mm, 10
mm, and 5 mm were selected for testing the
mechanical properties of fine-grained fiber concrete
depending on the length of the fibers (Fig. 1).

Figure 1 — Basalt fibers of various lengths

The physical and mechanical characteristics of
basalt fiber are shown in Table 1.

Table 1 - Characteristics of basalt fiber

Properties Basalt
Density (kg/m?3) 3100
Dia. (mkm) 18
Length (mm) 5; 10; 20; 40
Tensile strength (MPa) 3000-4840

Elongation to break, % 3.1-6.0

—— |4 ——
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Water for concrete mix preparation that meets
the requirements of GOST 23732-2011 «Water for
concretes and mortars».

Raw material consumption of samples of
cement-sand mortar is given in Table 2.

Table 2 - Cement mortar composition

Type of Ceme | Quartz | Bazalt | Water,
sample nt, g Sand, Fiber, g
g g
Type 1 450 1350 - 180
Reference
sample
Type 2 450 1350 0.9 180.18
Fiber length
40mm
Type 3 450 1350 0.9 180.9
Fiber length
20 mm
Type 4 450 1350 0.9 182.7
Fiber length
10mm
Type 5 450 1350 0.9 184.5
Fiber length
5mMmm

The mixtures were ready by hand in a bowl for
mixing in compliance with GOST 310.3-76. The
previously prepared mixture of cement and sand
was stirred with water for 2 minutes, after which the
fibers were introduced into it for 4 minutes with
continuous mixing evenly (Fig. 2).

Figure 2 —Sample preparation

The determination of the bending strength of
the control and basalt cement-sand mixes was
carried out on beam samples with dimensions of
40x40x160mm (Fig. 3). The test of bending strength
of the concrete beams was performed following
GOST 310.4-81 “Cement. Methods of Determination
of Flexural and Compressive Strength”.

Figure 3 — Generated samples

To explore the fine fiber properties, samples
were obtained from the mixture with different fiber
lengths. The index of strength was measured as an
arithmetic amount equal to 5 indexes for different
curing periods (3, 7, 28 days).

Results and Discussion

Reactions on the "fiber-cement matrix" surface
can also improve the properties of the composite as
a consequence of increased adhesion of the matrix
to the fiber, monolithic system, and improved
conditions of compatibility of loading of the fibers in
the composite.

Figure 4 shows a diagram of changes in the
bending tensile strength of the samples as a function
of curing time.
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Figure 4 — Dependence of bending strength of fiber
concrete on their fiber length and curing age

The analysis of the data presented in Figure 4
shows that a greater value of the strength of fiber
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concrete at 28 days (15.48 MPa) is achieved with the
introduction of a basalt fiber length of 20 mm
compared to the control samples without the
addition of fiber (7.32 MPa).

At 14 days, the addition of 20 mm fiber length
compared to 10 mm fiber length showed an increase
in bending strength of 2.6 % (7.92 and 7.73 MPa,
respectively).
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Figure 5 — Dependence of bending strength of fiber
concrete on fiber length

According to the test results shown in Figure 5,
the maximum average bending tensile strength of
the control samples is 7.32 MPa (28 days), while the
maximum average strength of samples using basalt
fiber with a length of 20 mm is 15.48 MPa, that is,
this figure is 2 times higher than for the control
sample.

According to strength comparisons, presented in
Fig. 5, for 10 mm fiber length specimens, on the 3rd
and 14th day anincrease in strength to 4.55 and 7.92
MPa is observed relative to specimens without fiber
(type 1 - 1.48 MPa on the 3rd day and 2.91 MPa on
the 14th day). On the 28th day, the tendency of
increasing the strength remains. In any case, there is
a positive effect of increasing the strength of
samples with the addition of basalt fiber.

Analyzing the data obtained, it should be noted
that the maximum effect of flexural tensile strength
was achieved with the introduction of basalt fiber
with a length of 20 mm, the strength of which was
15.48 MPa.

The results of determining the compressive
strength of fiber concrete specimens are shown in
Figure 6.
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Figure 6 — Dependence of compressive strength of fiber
concrete on fiber length and curing age

When comparing the index of the ultimate
strength of the prepared sample, equal to 38.91
MPa, with this index for the concrete, prepared
composition, which was between 40.4-47.43 MPa,
we can assume that the fiber concrete is of higher
quality.

As a result of the data obtained, it can be argued
that the fiber concrete with basalt fiber in the first 3
days has a higher strength of 17.5-79.3%; on 14 days
-20-38% and 28 days - 13.9 - 21.9% in comparison
with its analogs.
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Figure 7 — Dependence of compressive strength of fiber
concrete on fiber length
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The reference specimens of type 1 (without the
use of fiber) showed the lowest strength, a
percentage less by 3.8 % compared to type 2,21.9%
less than type 3, and 18.58 % less than type 4, 13.9
% less than type 5. The partial strength values range
from 10.55 to 38.91 MPa (Fig. 7).

Type 2 specimens showed a 20.64% higher
strength than Type 1 specimens, but less than Type
3 by 17.8%, Type 4 by 8.9%, and Type 5 by 9.7%. The
partial strength values range from 14.48 to 40.4
MPa.

Type 3 specimens showed the highest strength,
exceeding Type 1 by 42%, Type 2 by 17.8%, Type 4
by 5.32%, and Type 5 by 24.9%, Partial strength
values range from 17.54 to 47.43 MPa.

Type 4 specimens showed a strength of 42.93%
higher than Type 1 specimens and 2.14% higher than
Type 2 specimens, but 2.77% lower than Type 4
specimens. Partial strength values ranged from
14.36 to 52.6 MPa.

Type 5 specimens showed a strength higher than
Type 1 specimens by 12.2 % but lower than Type 2
specimens by 9.7 % at 28 days, Type 3 by 6.9 %, and
Type 4 by 4.1 %. Particular strength values range
from 12.4 to 44.35 MPa.

The reason for the increased performance is the
good adhesion of basalt fiber with other concrete
constituents (cement, sand).

The use of basalt fiber in the composition of the
mixture helps to increase the strength of the
components [[21], [22]].

Conclusions

It has been proved that the compressive
strength of fine-grained fiber concrete samples
depends on the length of the added fiber. At a length
of 20 mm of fibers an increase in the compressive
strength of concrete samples by 47.2 % is observed.

Basalt fiber reacts with the cement medium as
an active mineral additive, with the subsequent
formation of crystals of needle-like structure,
resulting in an increase in the strength of concrete.

The bending tensile strength of the samples also
depends on the length of the fibers. The highest
strength is shown by the addition of 20 mm of fiber
length. The increment of bending tensile strength in
comparison with the control specimens is 21.9 %.
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ba3anbT TaNLWbIFbIHbIH, Y3bIHAbIFbIHbIH, YCaK TYMiPLWiKTi pn6p0o6ETOHHDbIH,
6epikTiK cunatramanapbiHa acepi

'Hyp6aesa M.H., NlyknaHos P.E., 'Apyosa J1.5., 2Gunasekaran M.

J1.H. 'ymunee ameiHOarel Eypasus yammelk yHusepcumemi, AcmaHa, KazakcmaHx
2Ymmapanyan yHusepcumemi, expadyH 248007, YHOicmaH

TYWIHAEME

Ba3aibT TasWbIFbIHbIH, Y3bIHAbIFbI 3PTYPi 6onaTbiH GMBPO6ETOH yArinepiHe CbiHaKTap Xyprisingi.
®dnbpobeToH AaiblHAAY YWiH KONAAHbIIATLIH 633aNbT TalUbIFbIHbIH, CMNATTamanapbl 6epinrex.
3epTTeyaiH, MakcaTbl TaawbIK, Y3blHABIFbIHbIH, GUBPO6ETOHHbIH BepiKTik cunaTTamanapbiHa acep

Makana kengi: 27 senmokcaH 2022
CapanTtamagaH eTri: 12 aknaH 2023
Kabbinganapl: 4 cayip 2023

€Ty 3aHAbIIbIKTAaPbIH aHbIKTay 60/1bInN Tabblnaabl. TanlwbiKTapabl Kocnal (bakplaay Kypambl) kaHe
TaNWbIK y3biHABIFLI 40 MM, 20 MM, 10 MM KaHe 5 MM 601aTbiH LLEeMeHT MaccacbiHbiH, 0,2% 6a3anbT
Ta/WbIFbIH KOCKAHAA YCaK TYMiPLWIiKTi TaNLWbIKTbl TEMipOETOHABI MiNy Ke3iHAET KbICy KaHe Co3blay

6epiKTiriH aHbIKTay HaTUXKeNepi YCbIHbINFAH. ¥.cak TYMipLWiKTi 6eTOH KocnacbiHa 6a3anbT TalblfbiH
eHri3yAiH OHTalAbI LWeKTepi TanwWwbIK y3biHAbIFbI 20 MM Aen caHayFa 60naTbiHbl KepceTinreH, byn

Kbicy 6epiKkTiriHiH, 47,2%-Fa geliH apTyblHa aKenegi, uiny KesiHge cosblny 6epiKiri -

6akblnay

KypambIMeH casibiCTbipFaHAa 2 ece Ken 6onagpbl.
TyliiH ce30ep: 6a3anbT Ta/nlWbIFbl, apmaTypanay, Kbicy 6epiKTiri, niny 6epikiri.
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BauaHue anunHbl 6a3anbtoBovt GUbPbI HA NPOUYHOCTHbIE XapPaKTEPUCTUKN
menKo3sepHuctoro pubpobeToHa
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AHHOTAUMUA
MpoBeaeHb! UcnbiTaHWA 06pasuos PubpobeToHa C pasnnyHol anvHON 6asanbToBoi GUBPBI.
[aHbl XapakTepucTukn 6asanbtoBoit ¢GMbBPbI, KOTOPbLIA WCMONbL3YETCA AAA W3roTOB/AEHWA

Moctynuna: 27 dexabps 2022 dunbpobeToHa. Llenbio nccnegoBaHUa ABNAETCA BbIABAEHWME 3aKOHOMEPHOCTU BAUAHWUA AJIUHBI
Peu,eHBMpO.BaHME' 12 gpespans 2023 éunbpbl Ha MPOYHOCTHblE XapaKTepucTuku ¢ubpobetoHa. MpeacTaBneHbl  pe3ynbTaThl
NpunsTa B nevars: 4 anpess 2023 onpeaeneHus npeaena NPOYHOCTU NPU CXKATUM U HA PACTANKEHME NPU U3rMbe MeNKO3EPHUCTOTO

dunbpobeToHa 6e3 nobasneHus Pubpbl (KOHTPONLHBIN cOCTaB) U ¢ gobaBneHnem 6a3anbToBOM
dunbpbI 0,2 % OT Macchl LLeMeHTa € A/IMHOM BONOKOH 40mMm, 20mMm, 10 mm 1 5 mm. MokasaHo, 4To
OoNTUMaNbHbIMU Npegenamu BeefeHna 6asanbtoBol GUbpPbI B cMecb MeIKo3epHUCToro 6eToHa
MOTYT CYMTATBCA AJIMHON BONOKOH 20 MM, YTO NPUBOAUT K NPUPOCTY NPOYHOCTU NPU CXKaTUK 40
47,2 %, Ha pacTaxeHue npu usrmbe B 2 pasa 60/bLue N0 CPAaBHEHUIO C KOHTPOIbHBIM COCTABOM.
Kniouesvble cnoea: 6asanbtoBas Gubpa, apmnpoBaHUe, MPOYHOCTb NPU CXKATUK, U3TK6.
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