Impact of Merging Basalt Fibers with Various Types of Concrete and the Factors Affecting Them '

Impact of Merging Basalt Fibers with
Various Types of Concrete and the Factors

Affecting Them: A Review

Adil M. Jabbar)®) Lubna S. Dankha®

1- Department of Civil Engineering, College of Engineering, Wasit University, Wasit / Iraq
2- Civil Engineering Department, University of Technology, Baghdad / Iraq.
* Corresponding author, Email: adilmahdi@uowasit.edu.iq

Al el (w0 AL 1990 0 il ) L 700 iSLS
Ao w0 3 : s & | oy

R ECRPN | PP WY M La $age Juls u .

Sl | Jasly ooty daols (Auwaigl &S Aol duaigl aws - 1
Syl | olads cdan 1 3l Aaoladl (duiaall uaigh awsd - 2

E15



‘ Al-Esraa University College Journal for Engineering Sciences Vol.(5), No.(8)-2023

Abstract

This paper reviews effecting of blending basalt fibers into concrete
on mechanical properties, ductility, and toughness. Based on concrete
components, the perfect basalt fiber percentage can differ and is influenced
by factors like fiber length, w/c ratio, and age. The beneficial basalt fibers
percentage is lower than that of steel fibers. Even with a low concentration
of basalt fibers, concrete tensile and flexural strength can be improved more
effectively than a higher amount of steel fibers. As the amount of basalt
fiber increases, the mix workability decreases. Additionally, the flow ability
may drop slightly as the length of the fibers increases. Adding basalt fiber to
concrete can minimize drying shrinkage, size, and quantity of voids inside
the concrete matrix. A content between (0.3 - 0.5) % is the best ratio to
increase the compressive strength, while a higher percentage may reduce
it. The tensile, flexural strength, stiffness, and toughness can improve by
increasing the fiber content. However, higher content may cause the fibers
to lose their forms due to flexibility. Generally, the higher the basalt fiber
content, up to 1.5 %, the higher the tensile and flexural strength. Beyond
1.5 %, the increment may be lower. The presence of basalt fiber in beams
delays the appearance of cracks and increases the beam's load capacity. The
shorter the fiber length, the lower the content and the better the effect. The
(6-24) mm is the best length to use in concrete that enhances mechanical
properties. The increment in strength for a lower w/c ratio is higher than that
for a higher one.

Keywords: Basalt fiber reinforced concrete, Compressive strength,

Tensile strength, Flexural strength, Ductility.

E16



Impact of Merging Basalt Fibers with Various Types of Concrete and the Factors Affecting Them '

galdtiuall

oalsall e Bluydll ao bl GLIT 230 86 cadl 1aa (3 et
Ll alias o oS dulunal) oSl e 2l Dlally @iglll dSSISall
anlly ciawnll slall Luay LI Jsb S Jolgay S35 Sy el 5L LY L)
TS Lo pmy po i - SYodll LT Lo Gy JBT Basdall 3Ll LT duas 53
dllas ST ISy Bl ,all sl Sl 858 rann o oSa Le3ls 5Ll LT e
Juias LLG a3 bl Ll LaS 30l e 354l BLIT ce LS el 0
OSa - BLIYN Jobe 80l ae Sals 38l LLIS (24355 03 celld ) ZLSYL . daala)
LSy pamy Sliall GBS alas ) Blu,ad) ) alL ST BLa) guss o
il Zeaill oa % (0.5 = 0.3) g dvail 5uiad . Slapdd) s J3 b ole)al
slas¥ly widl 893 Cpawat (Sasy (Lellds 03 LY Ll Loy oaseall 853 3oL
ALl s siaall a5y a8 el aas S g5iae Bl Gasb e Blally dnlally
AL ALY (g gine ol LalS cale S LgTg 0 o LISEY LIV olads
oy -3 8ol 5585 08 % 1.5 Solats Lasdy oLy will 853 waly % 1.5 s
) S oliall Jan3 8503 (e aius SlEREI S 9els 5350 litall s LalL LY
ale (24-6) Jgkall juiay sl Ll oIS (s sinall S5y yuadl GLIAI Jobs oIS LK
8 Bl SIS aall Galsall 33as dua Blupall 5 aladiel) B Sl 5o
Msu slall Lowd Cyo el 065 ALLE chawd) uj sladl Lowt il yall doglie
Y

cbluayl doglie caljlall Slils daluall dluw Al :dialidel) olals)
& galll (e iasyl doglio cadll daglio

E17



‘ Al-Esraa University College Journal for Engineering Sciences Vol.(5), No.(8)-2023

Introduction

Concrete is an incredibly versatile and reliable substance that is widely
applied in different construction projects. Whether building a contemporary
skyscraper, constructing a bridge or tunnel, or spreading a footing for a large
steel and concrete structure, concrete is the mere choice for engineers and
builders. Its strength, durability, and ease of usage make it an ideal selection
for extended construction applications. Furthermore, with a wide range of
different types and availability of compositions, it is easy to find the perfect
concrete mix for any structure (Shaikh, 2013). Concrete is quite strong when
it comes to being compressed. However, it is pretty weak when it comes to
being in tension. That is because concrete has very little tensile strength,
which means it cannot resist forces that try to pull it apart, and it is much
more prone to cracking or breaking under tension. Therefore, it is commonly
reinforced with steelbarsor meshto compensate forthe weaktensile strength.
On the other hand, concrete failure is also sudden, which is a dangerous
failure. These defects boosted scientists and manufacturers to discover how
to develop concrete tensile strength and fracture properties. The efforts led
to the production of fiber-reinforced concrete (FRC). Incorporating fibers
into a concrete matrix enhances the tensile characteristics to a considerable
extent and compression to a lower degree. Also, they change the fracture
from brittle to ductile (Hannawi, et al., 2016), (Papakonstantinou, 2020).

Different kinds of fibers were utilized in concrete and afford multiple
improvements. Therefore, some categories of fiber-reinforced concrete (FRC)
that have various effects on self-regulating characteristics and application

attributes were realized (Chiao, 1980). For illustration, counting steel fibers
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to concrete can boost tensile strength and toughness; however, steel fibers
suffer from corrosion when they come in contact with moisture in concrete
(Wang, et al., 2019). Glass fiber can improve concrete toughness, but its
resistance declines over time when they tough the alkali medium (Shaikh,
2013). Although carbon fibers give hardness and high strength when used in
concrete, they are expensive (Alabduljabbar, et a/., 2020). Basalt fibers have
proper chemical resilience, elevated tensile strength, corrosion resistance,
and no environmental consequences (Spool, 2018), (Galen LLC Russia,
2009), (Jamshaid, 2017), (Xianggang, Yahong and Junna, 2020). Therefore, it
is significant to inspect their influence on the mechanical characteristics of
concrete. Furthermore, adding 45 kg of steel fiber to ordinary concrete of 30
MPa compressive strength can raise the flexural strength by 17%, whereas
adding 3 kg of basalt fiber to the same concrete can increase the flexural
strength by 29%, as illustrated in Figure 1.

Basalt is a fascinating type of rock created through the rapid cooling
of magma or lava from volcanos (Ramadevi, Chithra, and Rajesh, 2017). It
can be found in various regions around the world where volcanos are active,
and its appearance can vary depending on the source, cooling rate of the
rock, and exposure to weathering. It is impressive to think about such fiery
substances to transform into something so different and unique (Branston,
et al.,, 2016).

Fine-quality fibers can be extracted from basalt rock through a
method that involves heat treatment. This process is similar to glass fiber
production but at a much higher temperature. Additionally, basalt rebar can
be manufactured today. These basalt products have a thermal coefficient

that is very similar to concrete (Branston, et al., 2016).
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Numerous investigations explored the influence of blending basalt
fibers within concrete on its mechanical properties. Various proportions as
volume fractions or cement content percentages, were incorporated into the
concrete matrix to demonstrate their effect and decide the most suitable
content. Each investigator decided the optimal proportion according to the
added volume fraction during the experiments where they differed from one

to another (Xianggang, et al., 2018), (Xinzhong, et al., 2017).

Physical and Chemical Properties of Basalt Fibers

Basalt fibers are a new type of natural fibers that possess remarkable
features. Their chemical composition is similar to that of glass fibers, but they
have higher strength. That makes them an excellent candidate for utilization in
concrete mixtures, as they can boost some mechanical properties. It consists
of around 50% silicates to provide higher strength and better resistance to
acid, alkali, and salt attacks (Chiao, 1980), (Deak and Czigany, 2009), (Li, et
al., 2018), (Hirde and Shelar, 2017), (Xinzhong, Chuanxi and Wei, 2016). The
physical properties and chemical composition of basalt fiber are illustrated in
Tables 1 and 2, respectively. These features make it a promising material for
incorporating into concrete mixes to improve some mechanical properties. One
of the forms in which basalt fiber is used is chopped fiber. Chopped basalt fiber
is @ micro-filament of 16-18 um diameter and varying lengths (Branston et al.,
2016). According to experts, the specific gravity of basalt fiber is about 2.8, with
a tensile strength ranging between 2800-4800 MPa. The modulus of elasticity
ranges between 80-93 GPa, and it has a strain at failure of (0.0315) mm/mm
(Branston, et al., 2016). Basalt fiber density is approximately 2800 kg/m3. Its

effects on concrete properties have been discussed in various research studies.
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Figure 1. A comparison between the effect of steel, polypropylene,
and basalt fibers on 30 MPa concrete

Table 1. Physical Characteristics of Basalt Fibers
(Chiao, 1980), (Spool, 2018), (Galen LLC Russia, 2009)

Property Description
Appearance Short filament

Color Medium brown to olive
Specific gravity 2.7-28

Filament diameter, um 6-21

Modulus of elasticity, GPa 80-93

Strain at break 0.0315-0.032
Moisture content,% 0.4-12

Tensile strength, MPa 4800 - 2800
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Table 2. Chemical Components of Chopped Basalt Fibers (Elshekh, et al., 2014)

Component Percentage
Sio, 51.65

AL O, 15.58
Fe,0, 3.97

FeO 6.15

Ca0 9.35

MgO 6.10

K,0 1.43

Na,0 2.05

TIO, 1.33

Other oxides 2.39
Reactivity Inert, it does not participate in chemical reactions

Type of Basalt Fibers Products

Basalt fibers can come in various forms and dimensions, depending on
their planned usage. These fibers can be found in chopped form, as filaments,
or even as minibars made from fine filaments glued together with epoxy-
based resin. Their lengths range from 5 to 100 mm, giving them versatile
applications. Also, they manufactured basalt rebar to use in reinforcing the
concrete. Figure 2 shows the types of basalt fiber products.

El-Gelani, et al., (2018) investigated the effect of two types of basalt
fibers on normal-strength concrete properties. Chopped basalt fiber and
pre-soaked in epoxy resin basalt fibers as minibars were added to the mix
at a total weight of 1.8 kg/m3. The results showed the equal mixture of
both types of fibers awarded the highest increment in 28-day compressive
strength by 28 %, whereas adding chopped fiber alone raised compressive
strength by only 5.6 %. For flexural strength, both minibar and chopped

basalt fiber enhanced the strength by 17% over no fibrous concrete.
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Branston, et al, (2016) studied the influence of two types of
manufactured basalt fibers. There were flat bundles and minibars. A flat
bundle with two various lengths of chopped fibers, 36 mm, and 50 mm,
was shaped as a flat bundle. The flat bundles of basalt fiber are about 0.6
mm wide and made of 16 um diameter filaments. The minibar applied in
the study was an epoxy-based resin reinforced with 17 um diameter basalt
filaments. The minibar was 43 mm long and about 0.65 mm in diameter. The
minibars were more rigid than the flat bundles. The findings showed that
adding basalt fibers raised the first-crack loading of concrete subjected to
flexural force but had no significant effect when subjected to impact loading.
For flexural loading, the first-crack strength increased with rising fiber
content. The strength enhancement was higher upon using longer fibers, 50
mm, than that with a 36 mm flat bundle. A dosage of 12 kg/m3 of 50 mm flat
bundle led to a first-crack strength approximately equal to that of concrete
with steel fiber of 40 kg/m3. However, fiber content over 12 kg/m3 and 40
kg/m3 of flat bundles and minibars led to mixing issues due to fiber curling

and caused difficulty in handling, pouring, and consolidating fresh concrete.

Chopped basalt fiber Minibar basalt fiber Basalt fiber rebars
Figure 2. Types of Manufactured Basalt Fibers
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Impact of Basalt Fibers on Ordinary Concrete

Adding basalt fiber to a concrete matrix can reduce drying shrinkage
and the size and amount of voids in the concrete microstructure (Jabbar,
Hamood, and Mohammed, 2021), (Lam and Hung, 2021). Also, it could
enhance toughness and ductility (Jabbar, Mohammed, and Hamood, 2022),
(Jabbar, Hamood, and Mohammed, 2021b). Incorporating chopped basalt
fiber into the concrete mix can be beneficial when added at a volume range
of 0.3-0.5 %. It can increase the strength of concrete, but when used above
0.5 %, it can be detrimental to the strength (Tumadhir and Borhan, 2013),
(Dilbas and Cakir, 2020). However, some studies have found that adding 0.1
% is the optimum dose. It's significant to carefully evaluate the amount of
chopped basalt fiber added to provide the most useful effects for concrete
strength (Vajje and Krishna, 2013). Therefore, the optimal dosage of basalt
fibers varies according to the concrete components. Nevertheless, the
beneficial proportion of basalt fibers was smaller than that of steel fibers. It
was stated that utilizing 12 kg/m3 of chopped basalt fibers can improve the
concrete flexural strength at the identical rate of raising flexural strength by
adding 40 kg/m3 of steel fibers (Galen and Russia, 2009).

El-Din, et al, (2016) mentioned that incorporating 18 kg/m3 of
basalt fiber into a concrete mix improved compressive strength by about
15 % above non-fibrous concrete. Dias and Thaumaturgo (2005) studied
the effect of applying 0.5 % and 1% of basalt fiber on normal-strength
concrete. The authors found that there was a 26.4 % and 3.9 % reduction in
compressive strength upon incorporating 1 % and 0.5 % basalt fiber into the

mix, respectively. However, 0.5% basalt fibers raised tensile strength by 8%,
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while 1.0% lowered it by 12 %. They concluded that using basalt fiber leads
to decreasing compressive strength of concrete. They attributed that when
the fiber content increased, the probability of balling these fibers together
and leaving voids in the matrix was higher, which led to more porosity and
reduced strength.

Abdulhadi (2014) studied the impact of chopped basalt fiber on
conventional concrete of 36 MPa compressive strength. Five volume fractions
were added to an identical concrete mix: 0.0 %, 0.3 %, 0.6 %, 0.9 %, and 1.2
%. The authors found that 0.3 % and 0.6 % raised splitting tensile strength by
2.7 % and 23.1 %, while 0.9 % and 1.2 % decreased it by 11.2 % and 19.7 %,
respectively. On the other hand, the compressive strength was decreased for
all volume fractions. Revade and Dharane (2015) incorporated basalt fibers
at three percentages of cement weight: 1.0, 1.5, and 2.0 % into a concrete
mix to study their effects. The findings illustrated that the compressive
strength was increased by 13.2 %, 11.8 %, and 10 %, respectively. Tensile
strength was also increased by 11.3 %, 17.4 %, and 20.8 %, respectively, for
equal proportions of fibers. Galishnikova, et al., (2019) reviewed the effect
of chopped basalt fibers on the ductility of lightweight concrete. The findings
illustrated that the ductility of concrete depends on the volume fraction and
the diameter and length of the basalt fiber. Raising the volume fraction of
basalt fiber in the concrete increased the concrete ductility. Incorporating
basalt fiber into concrete can provide high energy absorption and higher
ductility for the structural member. Basalt fiber can disperse easily in the
concrete mix without causing segregation, but the fibers may lose their
forms due to their flexible nature. However, the authors stated that the fiber

content in a concrete mix affects the ductility.
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Krassowska and Kosior (2019) studied the influence of chopped
basalt fiber content and steel stirrups amount on the behavior of reinforced
concrete beams. Two weights of 50 mm length basalt fiber were used: 2.5
kg/m3 and 5 kg/m3 incorporated into a concrete mix. The authors found
that the addition of basalt fibers increased compressive strength by 4.76
% and 0.99 % and tensile strength by 10.06 % and 16.39 %, respectively.
Also, fibrous beams were not quickly fractured. The defeat pattern of beams
varied according to the stirrups amount and fiber quantity. Multiple oblique
cracks with a shallower width were noticed in fiber-reinforced concrete
beams. Beams free of fibers failed rapidly due to brittle cracking. Basalt fibers
showed the tendency to transform the shear forces in compression after
cracking to plain concrete. The beam section remained carrying the load
after the initiation of the crack. When the loading reached the ultimate state
in basalt fiber reinforced concrete beams, no sign of failure due to concrete
crushing occurred. The presence of fibers permitted the growth of multiple
diagonal cracks, and then one crack at least widened before shear failure.
Ramesh and Eswari (2020) searched the impress of basalt fibers on the
mechanical properties of normal concrete of 25 MPa compressive strength.
Five volume fractions were adopted in the work: 0.0 %, 0.5 %, 1.0 %, 1.5 %,
and 2.0 %. The slump decreased with increasing fiber content; therefore, a
superplasticizer dosage was increased to modify the workability. The authors
illustrated that a slight increase in compressive strength occurred up to 1.5
% of fiber, while 2.0 % of basalt fiber reduced compressive strength. They
attributed the decrease in compressive strength at 2.0 % fiber content to
the higher fiber volume fraction in the mix, which might have caused the

fiber turning and accumulating to decrease the compressive strength. The
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splitting tensile strength improved for all fiber content. The 1.5 % basalt fiber
content awarded higher increments in the tensile and flexural strengths. The
increments were 22.58 % and 57 %, respectively.

According to the mentioned results, blending basalt fiber within a
concrete matrix with a small percentage enhances the compressive strength
more than the large volume fractions. On the other hand, the high content of
basalt fibers improves tensile and flexural strength more than compressive
strength, which may drop.

Al-Kharabsheh, et a/, (2022), in a comprehensive review, stated that
the slump dropped when basalt fiber content increased; therefore, the
authors proposed applying a superplasticizer to adjust workability. However,
the strength of compression and tension was greatly enhanced, and failure
patterns transferred from brittle to ductile upon blending basalt fiber with
concrete matrix. Kirthika and Singh (2018) stated that 0.75 % highly increased
strength in tension, while 0.5 % showed the highest compressive strength.
Jia, et al., (2021) claimed that 0.2 % basalt fiber provided the best tension
strength from the three-volume fraction of 0.1 %, 0.2 %, and 0.3 %. Also,
compressive strength was slightly improved upon adding the fibers up to 0.2
%. However, a 0.3 % basalt fiber volume fraction causes a decrease in the
compressive strength.

Furthermore, some researchers claimed that basalt fibers have no
significant impact on compressive strength. The investigators attributed that
to lowering workability when basalt fibers are added to the mix due to the vast
surface area of the filaments and proposed applying a plasticizer admixture

to modify the concrete workability (Afroz, Patnaikuni and Venkatesan, 2017).
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Jalasutram, et al., (2016) studied the effect of adding chopped basalt
fibers of 12.7 mm length at a volume fraction ranging between (0-2) % on the
mechanical properties of ordinary concrete. The findings illustrated that the
compressive strength slightly decreased upon adding basalt fibers compared
to conventional concrete. However, the defeat pattern was altered from
brittle to ductile in compression. The tensile strength was enhanced by
about 15 % at a 2 % volume fraction of basalt fiber above the non-fibrous
concrete. The highest increment occurred in flexural strength, which was 75
% at 2 % basalt fiber content. Furthermore, flexural toughness was improved
by about three times of ordinary concrete.

Dilbas and Cakir (2020) suggested that the 0.25 % basalt fiber content
provided the best increase in compressive strength, whereas 1.0 % volume
fraction awarded the highest tensile strength. Hirde and Shelar (2017)
stated that the ultimate improvement in compressive strength occurred at
a 3 % volume fraction of basalt fiber. However, the 4 % provided the best
increment in tensile strength, which arrived at 33.6 % above non-fibrous
concrete. lyer, et al., (2015) stated that 18 kg/m3 of basalt fibers awarded

the best improvement in compressive and flexural strengths.

Impact of Basalt Fibers on High-strength and High-perfor-
mance Concrete

Some researchers have explored the impact of basalt fibers on high-
performance concrete (HPC), and it looks like they can enhance the strength
of conventional concrete. Tamadhir and Borhan (2013) inspected the effect
of adding a small volume fraction of chopped basalt fibers on high-strength

concrete of about 60 MPa. The basalt fiber volume fractions adopted were (0
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%,0.1%,0.2 %, 0.3 %, and 0.5 %). The results indicated that there was a slight
reduction in the compressive strength upon increasing basalt fiber over 0.3
%. The decrease was 12 % when adding 0.5 % basalt fibers. However, 0.3 %
of fiber raised the compressive strength more than the other percentages.
Also, 0.3 % enhanced tensile strength more than other percentages. The
increment was about 13 % over the no-fibrous concrete.

Ayub, et al, (2014) investigated the influence of chopped basalt
fibers on the compressive and tensile strength and elastic modulus of high-
performance concrete. Three volume fractions of fiber were incorporated
into three different mixtures. The first mixture included 1 %, 2 %, and 3
% basalt fiber with ordinary cement only. The second and third mixtures
contained equal percentages of basalt fibers, besides 10% silica fume or
10 % metakaolin as a partial replacement for cement. Other constituents
were the same in all mixtures. The results showed that 1 % and 2 % provide
better compressive strength in all mixes, while 3 % caused a drop. For plain
concrete, the 1 % and 2 % raised compressive strength by 2.3 % and 3.2
%, respectively. In the silica fume concrete, the 1 % and 2 % enhanced
compressive strength by 0.54 % and 1.82 %, respectively. In metakaolin
concrete, the 1 % and 2 % raised compressive strength by 1.58 % and 1.62
%, respectively. Therefore, the increase in compressive strength of plain
concrete was more than in silica fume and metakaolin concrete. The 3 %
basalt fiber increased tensile strength more than the other two percentages
in all mixes. However, the three percentages increased the tensile strength.
Furthermore, the metakaolin concrete raised compressive strength more

than silica fume concrete, whereas vice versa appeared for tensile strength.
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Impact of Basalt Fibers on Ultra-high Performance Concrete

Based on the research conducted by Liu et a/. (2019), it was found
that using basalt fibers as micro-reinforcement in ultra-high performance
concrete (UHPC) can significantly enhance its mechanical properties. The
study revealed that increasing the volume of basalt fibers from 0.15 to 0.3
% could improve flexural strength by approximately 22 % and compressive
strength by about 10 % when the silica fume-to-cement ratio was 0.2.
However, when the silica fume/cement ratio was 0.4, increasing the volume
of basalt fibers from 0.15 % to 0.3% did not affect the flexural strength but
caused decreasing compressive strength. The researchers also found that
the best compressive strength can be achieved when the sand content is
similar to the binder content, the silica fume-to-cement ratio is 0.3, and the
volume of basalt fibers is 0.15 % at a w/cm of 0.18, resulting in the highest
compressive strength of 120 MPa (Liu, et al., 2019).

Jabbar, et al.,, (2021a) investigated the effect of blended chopped
basalt fibers within UHPC, applying three volume fractions; 0.5, 1.0, and
1.5 %. The findings clarified that 0.5 % and 1.0 % basalt fiber content
boosted compressive strength by 44 % and 51 %, respectively, while 1.5
% content raised the compressive strength lower than the other two
percentages by 41 %.

It is noticed by Jabbar, et al,, (2021) that blending basalt fibers with
UHPC matrix minimized autogenous shrinkage and reduced the size and
amount of voids. Furthermore, adding basalt fibers to the matrix could
improve the toughness and ductility (Jabbar, Mohammed and Hamood,

2022). Also, the multiple basalt micro-fibers at every percentage and their
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distribution in all orientations contribute to delay crack initiation in the matrix
and obstruct their propagation, which significantly enhances the strength
(Jabbar, Hamood and Mohammed, 2021a; Jabbar, Mohammed and Hamood,
2022). Thus, basalt fibers work on the internal confining of concrete.
Generally, it seems that incorporating basalt fibers into various types
of concrete can improve the strength in compression, tension, and flexure.
Boosting the concrete strength can ultimately lead to higher bearing capacity

for structural elements.
Factors Affecting Concrete Strength Related to Basalt Fibers

A. Fiber Length

The length of the fiber also has an impact on concrete strength (Elshafie
and Whittleston, 2015). It was displayed that the best proportion of 12 mm
long basalt fiber was 4 kg/m3, whereas 36 mm long was 8 kg/m3 to arrive
at approximately equal 28-day compressive strength (Wang et al., 2019).
Therefore, the shorter the fiber length, the lower the content and the better
the effect. Qin et a/. (2018) discussed the impact of chopped basalt fibers on
magnesium phosphate cement mixture. Four lengths of micro basalt fiber
were tested: 6 mm, 12 mm, 20 mm, and 30 mm, and six volume fractions
were adopted in their experimental works: 0.00 %, 0.25 %, 0.50 %, 0.75 %,
1.00 %, and 1.5 %. The findings clarified that adding the fibers to the mixture
obviously dropped the mortar flow ability compared to the mortar without
fibers. This influence may be interpreted as the filaments with large surface
area required to adsorb a portion of cement paste water to wrap around.

On the other hand, the flow ability of mortar was slightly dropped upon
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increasing the fiber length. For instance, the flow ability decreased from 80 %
for the mixture with a fiber length of 6 mm to 70 % for the one with a 30 mm
fiber length. Upon adding basalt fiber to the mortar, a slight decrease in bulk
density occurred, which referred to increasing the voids due to the balling of
the flexible fibers. The results indicated that raising the basalt fiber volume
fraction increased tensile strength, and 1.25 % gave the most increment. The
compression strength increased up to 1.0 % fiber content. However, over 1.0
%, the compression strength began to weaken.

Sun, et al., (2019) investigated the effects of basalt fiber length and
content on the mechanical properties of concrete. Two fiber lengths
were adopted: 6 mm and 12 mm. Besides, six fiber volume fractions were
incorporated into mixtures: 0.0 %, 0.1 %, 0.2 %, 0.3 %, 0.4 %, and 0.5 %. Test
results showed that the BFRC with 6 mm length fiber and 0.3% percentage
provided the highest compressive strength, followed by 0.4 % with the same
length. For concrete with a fiber length of 12 mm, the content of 0.3 % fiber
was awarded the best compressive strength of the group. However, 0.4 % and
0.5 % of 12 mm length caused a drop in the compressive strength. Generally,
the 6 mm fiber length awarded higher strength than the counterpart with
a 12 mm length having the same volume fraction of basalt fiber. Concrete
with fibers of 12 mm long caused dropping tensile strength for all volume
fractions used, whereas 0.3 % and 0.4 % provided the most increment in
tensile strength for 6 mm length. The 0.5% fiber content of both 6 mm and
12 mm provided the highest flexural strength. It was suggested by most
authors that the mechanical properties of different types of concrete were
significantly enhanced upon adding basalt fibers of a length between 12 mm

and 24 mm at a volume fraction between 0.1 % - 0.5 %.
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B. Water-to-cement Ratio of Concrete

Another factor can influence the enhancement of the concrete
strength upon adding basalt fibers. That factor is the water-to-cement (w/c)
ratio. According to Algin, et al., (2020), who investigated the impact of basalt
fibers on the workability and mechanical characteristics of two w/c ratios,
the workability dropped when basalt fiber dosage increased. However, a
slight enhancement appeared in compressive strength when the basalt fiber
percentage rose from 0% to 0.8 %. At 0.8 % fiber content, the compressive
strength increment was 16 % and 10 % for a w/c ratio of 0.59 and 0.47,
respectively. Tensile strength was also raised by 34 % and 26 % for the same

w/c ratios.

C. The Age of Concrete

The age of BFRC affects concrete strength. Meyyappan and Carmished
(2020) investigated the impact of basalt fiber on concrete strength at 7 and
28 days. The authors added 0.5 %, 1.0 %, 1.5 %, 2.0 %, 2.5 %, and 3.0 % basalt
fiber to normal-strength concrete. Their results showed that compressive
strength increased on the seventh day by 54 - 65 % compared to 28-day
compressive strength for equal percentages of the fiber. At 1.0 % basalt fiber,
the compressive strength increased to 11.45 %, whereas at 3.0 % basalt fiber,
compressive strength declined by 33.87 %.

High, et al,, (2015) stated that 1.78 kg/m3 basalt fibers increased the
strength of ordinary concrete in compression at 3 days by 5.5 %, at 7 days by

14 %, and at 28 days by 6.0 %.
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Conclusions

This paper introduces a review of the impact of the incorporation of

basalt fibers into various types of concrete on the mechanical properties,

toughness, and ductility. The following conclusions can be suggested:

1.

A small content of basalt fibers can increase the concrete tensile
and flexural strength better than a high amount of steel fibers. The
optimum proportion of basalt fibers varies according to the
concrete ingredients and depends on some factors, such as fiber
length, w/c ratio, and the age of the concrete. However, the
valuable percentage of basalt fibers is smaller than that of steel
fibers. Basalt fiber also resists abrasion and chemicals, while steel
fibers corrode over time when it is in contact with water.

Basalt fibers can be manufactured in various forms: chopped
filaments, minibars, and flat bundles with lengths between (6-50)
mm.

The concrete workability decreases with increasing basalt fiber
content, and the flow-ability of the mixture is slightly dropped
when fiber length increases. However, adding basalt fiber to
concrete can minimize drying shrinkage, size, and quantity of voids
inside the concrete matrix.

Adding a small proportion of basalt fiber to concrete mix, up to 0.5
%, can increase the compressive strength, provided that an
appropriate mixing method is used that prevents fibers from
balling into the internal structure of the concrete. However, a

volume fraction between (0.3-0.5)% is considered the best
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percentage to increase the compressive strength, while a higher
percentage may cause a reduction of it. Additionally, the increase
in compressive strength of only cement concrete is more than the
concrete containing silica fume or metakaolin to replace a part of
cement.

The tensile and flexural strength, ductility, and toughness improve
with increasing the basalt fiber content. However, the higher
content may cause the fibers to lose their forms due to their
flexibility. Generally, the higher the content of basalt fiber, up to
1.5 %, the higher the tensile and flexural strength. Beyond 1.5 %,
the increment of strength may be lower.

The presence of basalt fiber in reinforced concrete beams delays
the appearance of cracks, increases the number of micro cracks,
and increases the beam's ability to bear loads.

In UHPC, the ratio of silica fume to cement affects the proper
proportion of basalt fiber to increase the strength. Basalt fiber acts
by confining the concrete internally.

The shorter the fiber length, the lower the content and the better
the effect. The (6-24) mm fiber length is suggested to be the best
length to use in various types of concrete that enhance the
mechanical properties.

The increment in compressive and tensile strength for a lower w/c
ratio is higher than that for a higher w/c ratio. Also, the increment
in compressive strength of BFRC at 7 days is higher than that at 28
days.
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