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1 ABSTRACT

Incorporating Basalt Fibers composites that areseaby the melting process of basalt rocks into the
concrete mixture to create the composite of theaB&sber Reinforced Concrete (BFRC) is a good ittea
enhance concrete's mechanical properties, thuscdherete structural performance. However, modern
building materials must fulfill not only structurglerformance criteria but also reduce the envirorniale
impact accompanied by their production. As infornigdrelated literature in the field of BFRC, betsfi
linked with mechanical properties in terms of staual performance were illustrated widely. Whileith is
only a very limited amount of information availalde the impact of using BFRC in terms of environtaén
impact. Thus, this review identified this reseagap and drew a potential linkage for how to assless
environmental performance of BFRC-based buildingsbé used in future research which relies on
sustainability perspectives.

Keywords: Fiber Reinforced Concrete Composites (ERMasalt Fiber Reinforced Concrete (BFRC),
Environmental performance, Sustainable architecBuéding Planning

2 INTRODUCTION

Concrete is one of the most used construction iatgén the present day due to its advantages rshuidity,
and generally highly reliable performance of thistemial, and also the widespread availability and
comparatively low cost of the necessary raw mdgeaad processing technology [1, 2, 3, 4]. Conebetsed
materials are usually affected and affect the caooBbn process negatively due to their brittleunat[5].
Many recent studies focused on these deficiens@that, the use of different materials as reirdorent so
as to improve the properties of the hardened ctmevas necessary [6, 7, 8, 9, 10, 11, 12]. Thesbest and
other similar studies were focusing mainly on emagn the structural aspect of the building through
different approaches. One such approach to enlmmican constructional materials is the incorporatdn
short-length fibers at minimal dosage to developawis termed fiber-reinforced concrete composites
(FRCC) which were directly aimed at increasing fhesliy the concrete structural properties [6, 12, 14,

15, 16]. One of well reputed of these fiber comfmessidue to its countless enhanced concrete stalictur
benefits is Basalt Fiber Reinforced Concrete (BFRQ) 18, 19].

In terms of the environmental aspect, the condrased materials industry is facing increased presss
concrete production is being perceived as unsuwiinmaterial. Although the energy intensity per
functional unit remains lower than most other aalg¢ constructional materials [20], the very large
production volumes required to serve global ne@dscbncrete lead to high worldwide consumption of
energy, as well as raising in the emission of dgnease gases (GHGSs). Thus, there is a growing global
interest within the housing and construction indush the development of sustainable constructiod a
building materials that have a diminished environtak impact throughout their manufacturing and
operational lifecycle stages [4]. Thus, the develept of sustainable constructional materials watiuced
environmental footprint through both manufacturargl operational phases is currently a key focusen
sustainable construction industry. Furthermores tkéy solution of creating sustainable construction
materials is shown as essential demand.

When considering the approach of utilizing fibempmsites to reinforce the concrete, a clear gdpeisg
unfolded in terms of studying the enhancement o€CER environmental properties. Which can play a
significant role in confronting the sustainabilithallenges that are linked with the worldwide large
production of concrete. Specifically using the BFRGnhancing the environmental properties of cetecr
constructional material. This paper attempts tawlis the concept of BFRC in terms of the literagap of
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the enhanced environmental concrete properties @geamtial solution to the global issue of the hasg
sustainability challenges of concrete high productas well as the energy consumption rates within
concrete-based structures. As a basis for thiscthent status of BFRC's approach to enhancingreta
properties is reviewed. This review highlights sashéhe issues in the specific context of BFRC piaitbn

and outlines the importance of developing a deewel more comprehensive understanding of thermal
parameters as part of the process of broadeningupiteke of this approach for creating sustainable
architectural structures.

3 SUSTAINABILITY AND CONCRETE INDUSTRY

In response to the increasing pressures faced byetivironment and limited resources, the term
“sustainability” has been created, which includew matural systems function, and give whateveemsded

to keep the environment in balance now and inalhgr € [21]. There are two definitions of sustaitibthat
were considered comprehensive. The first typecatflhe social scientific definitions that are suamized in
treating sustainability as a relationship betweka present and future welfare of persons [22, 23].
Furthermore, in the [24], the definition of sustbility is considered as it is the development thaets the
needs of the present people without affecting meglgitthe ability of future generations to meetith@wvn
needs. This type of definition imposes ambiguitpithow to make a balance between generationsakgelf
which led to the emergence of the second type fifiiden of sustainability; the ecological defiroti that
requires the protection of ecological processes eandition of sustainability [25,26]. Also, agaihis type

of sustainability definition presents some vaguateel to the way in which we can protect the edchig
processes. Indeed, in scientific contextualismstasoability should not follow any of these typesits own,
instead, it should be combined. This review isnigyto answer the question raised here which is (Wha
strategy we should adopt to protect the ecologicatess while maintaining human welfare throughbat
human development stages?) through linking sudidityawith the concrete industry in the field of
sustainable architecture. For more illustrationiatibis review strategy note fig.1 below.

Increasing in Deceasing of
needs resources
through time Human Welfare Available resources ~ foueh time
(Human needs) (Limitations)
Approach to make the balance
— > Environmental Performance
Create a concrete-based . .
structure The growing human » The growing global
. . needs for acceptable production of
(enhanced with BFRC in ) t
terms of environmental environmental concrete
i performance in harsh * large energy
properties) climates consumption rates,
particularly in harsh
climates

Fig. 1. The Review Paper Strategy. (Al-Bqour. N, 2023

The key components of concrete include cement,eagges (such as sand and gravel), and water, with
additional materials like admixtures and fibersnigedptionally incorporated for specific purposes][Zhe
total volume of cement production worldwide in 20agounted to 4.1 billion tons. The total global
production of cement in 1955 reached 1.39 billionst which indicates the large growth of cemenetas
construction. With production surpassing two billimetric tons, China was recently the leading cemen
producing country in 2022, with production surpagsiwo billion metric tons. Also, India ranked astdint
second that year, producing 370 million metric t¢28]. A potential future shortage of low-cost raw
materials is the first key point that should besidered in the context of the cement and concretasiry,
regarding its huge consumption of conventional $tore-based materials [6]. The manufacturing psooés
cement involves the production of clinkers, whistaikey component. Limestone plays a significalet iro
clinker manufacturing as it is used as a raw maltarid can also be used as a clinker replacemexttditive
[29]. Limestone is a widely available material, gmiial shortages could arise if there is an imlk@dan
between demand and supply, particularly in regiaitt high cement production. The sustainability of
limestone extraction forms an important considerato ensure the long-term availability of thisaase
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for the next generations [30]. It is crucial foretltoncrete and cement industry to continually exeplo
sustainable alternatives, such as alternative @jiggerformance raw materials, to reduce the reéaon
limestone, and thus to mitigate any potential stggtconcerns. In terms of Cement industry emissaods
energy consumption, the production process of cemexuires the heating of a mixture of minerals to
temperatures of more than 1400 degrees Celsiugiln.drhis heating step requires energy in largmants

as an essential demand, which ends up in worldglidenhouse gas emissions. Which could be a resdtthr
to human welfare in harsh climates. Carbon dioridkéssions from cement production have increasedynea
continuously for several decades, reaching 1.bilinetric tons in 2021 [28]. It should be highligh that
the total emissions of the cement and concretesingluas a whole sector, may contribute nearly 1%
global anthropogenic CO2 emissions [6]. It is quitear now that the process of cement and concrete
production has large negative effects on the enmiemt in terms of consumption of limited resources,
energy consumption, as well as air emissions toatribute to global warming, therefore, negatively
impacting human welfare.

In addition to the environmental impacts discussieding the manufacturing process previously, the
environmental impacts generated during the operaifahe concrete-based building are equally ingourt

or even higher. This is because the embodied ergrgpnstruction materials during the manufacturing
stage is only a small fraction of the total enecgypsumption of a building during its whole lifespg).
Generally, environmental assessments of buildirey® Hended to concentrate on the impacts occuiming
operation and use. It should be noted that ther@mviental impacts through the building operatistabe
occur throughout the whole lifetime of the buildimghich indicates how important is to consider thtmng-
term impacts [31]. The environmental impacts ower complete life cycle of the buildings are detewnl
using the indicators of air pollution index, enempnsumption, global warming potential, resource, gslid
waste emissions, and water pollution index [32]n€ldering the sustainability of buildings mainlcéses

on the energy demand and emissions during the ibgildse phase [33]. In terms of concrete-based
buildings, related studies revealed that concrase=d buildings showed higher negative environmental
impacts [34, 35, 36]. Also, it should be noted tbatcrete-based buildings have higher environmexntel
structural negative impacts within harsh clima®g 38, 39, 40].

Overall, in the next decades, cement and concnretéuption is expected to continue to show increased
growth. Demand for cement in industrialized is @asing slowly if at all, but in developing coungriand
regions such as India, other developing parts @di,Ake Middle East, South America, and Africa whare
linked usually with harsh climates, cement demaiilt a@ntinually increase due to fast urbanizatiorda
associated infrastructure development [41]. Theegfthe environmental issues associated with ltioita

on natural resources, CO2 emission, high energyuwoption, and environmental performance within
concrete-based structures will play a leading amdcting role in the sustainable development of the
concrete industry in the coming century. Unsurpghi, the cement and concrete industry has bedy ful
aware of the discussed environmental challengeshasdkeenly focused on many positive activitiesr ave
long period toward sustainable development in thecete-based construction sector [6]. Please Taltée

1 below for more demonstrations.

Sustainable development strategy Practices

Saving resources/ energy and reducing emission® frdmproving energy efficiency [42].

cement and concrete manufacturing plants Using biofuels [43].
Replacing limestone with other high-calcium indiadtiby-products
[44].

Reducing clinker content in cement and concrete liZutg more supplementary materials, such as Biashace Slag

(BFS), fly ash, natural pozzolans, and silica fydf&46].

More precise design and determined use of concrete Selecting the correct concretes for specific apfibns [47].

Recycling construction and demolition wastes todpoe recycled
aggregates [48,49].

Improving the durability of concrete [50].

Table 1: Practices toward sustainable developméhinathe concrete construction sector.

Undoubtedly, the above-described approaches whlhece the concrete industry's sustainability ahalev
It should be understood that the environmental ohpd a building is very sensitive to the constimct
material choices [33]. This paper review puts faxva key solution by utilizing BFRC in concrete-eds
buildings in terms of environmental impacts withine manufacturing and operational stages of bigklin
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Therefore, to increase sustainable developmenimiltie concrete and cement construction sectougiro
establishing the basis for sustainable structusedban sustainable innovative construction material

4 BFRC AS A PROMISING CONSTRUCTION MATERIAL

4.1 Fiber Reinforced Concrete Composites (FRCC)

Predictably, cement will remain the key material Serve the construction sector's needs. Thus, as a
consequence, the concrete and cement worldwidestirydsector contributes to the sustainability dvadles
regarding environmental impacts. According to thieidnational Energy Agency (IEA), the main levers f
cement and concrete producers are the increaseeny)e efficiency and the use of alternative maleria
Noting that these new materials might be able &y jl role as cement constituents or reinforcingsoete
materials in the future [41].

FRCC gained increasing attention within the corsibn industry due to its enhanced mechanical pigse
and improved durability [51]. It is a combinatiof @ementitious matrix and discrete fibers, whichrkvo
together to provide additional strength and reicdonent to the concrete [52]. Generally, in terms of
structural performance, it is well-known that ttamhal concrete is brittle in nature and lacks isidght
tensile strength. By introducing fibers into thencete matrix, these shortcomings can be overcdip [
Introducing FRCC has led to significant advancesémtthe construction industry. Fibers can be added
various cementitious materials such as concretatamoand geopolymer composites to enhance their
performance [51,52]. The fibers used in these caitg® can be extracted of different types, inclgdin
synthetic fibers (e.g., glass fibers, carbon fiberamid fibers), natural fibers (e.g., plant fihebasalt
fibers), and metallic fibers [53,54]. Highlightinigat fiber technology is a versatile and effectivethod of
enhancing construction materials. By adding fillersuilding materials, the resulting materials banmade
stronger, more durable, and more resistant to darfragn weathering and other environmental factorss
can help to extend the lifespan of buildings arfcastructure, reduce the need for maintenance epains,
and promote sustainability in the construction stdu[55].

4.2 Basalt Fiber Reinforced Concrete (BFRC)

Basalt is a common extrusive volcanic rock. Itasnried by the decompression of the melted lava. As a
worldwide rock, it has long been known for its tinaf and structural properties. Its fibers are lieebon
fiber and fiberglass, but they have better physisathanical properties than fiberglass and ardfgigntly
cheaper than carbon fiber [56]. Basalt fibers atunal fibers derived mainly from basalt rocks, mgk
them a natural material rather than a synthetic Basalt fibers are produced by exposing basaitest@o
high temperatures with the intent of melting andwesting them into fibers [57].

Among many other reinforcing fibers, basalt fibasheen the least studied fiber [58]. The histdiyasalt
fiber dates to 1923, and it was further improvedirdp World War Il. The United States and the Soviet
Union investigated basalt fiber, especially foraspace and military purposes [59]. Basalt fibendatmot
be widely used for other than military applicatidmecause of the political issues at that time. rAfi@95,
and due to declassification, basalt fibers weralypced and used on a commercial scale. Then, &, 2
scientific research on basalt fiber applicationadgally increased. Today, the basalt fiber indussry
improving based on the technology in compositeardeand applications that improved day by dayaBas
fiber is considered a viable alternative to traxhtil glass fiber by the composite industry. Theesfonany
manufacturers and suppliers around the world arerdésted in basalt fiber, but with unlimited basalt
reserves, Russia plays a key role in basalt fibehrtology [60,61]. The Basalt fibers are manufactur
mainly in Eastern Europe, Russia, and the USA, imolsrael, China, and India [62].

This review paper concentrates on a recent innavatbnstructional material, BFRC, which compridess t
advantages of Basalt fibers technology and providesopportunity to reduce energy consumption,téchi
resources consumption, and CO2 emissions, along wibviding acceptable human welfare within
buildings in harsh climates. Before detailing theperties of this new innovative material in terofs
performance, it is worth introducing the statehaf &irt with regard to its composition and manufactu
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4.3 Composition of Basalt Fibers

BFRC is a type of fiber-reinforced concrete thaliags basalt fibers to enhance the performancplaih
concrete. The chemical composition of basalt filbgpgcally consists of significant proportions afb2 and
Al203, followed by MgO, CaO, and iron oxides [63}ig. 2 shows the content of each component oflbasa
fibers. The proportion of SiO2 in the BF is neably—59%, which provides good chemical stability and
mechanical properties. Al203 is about 14-18%, wipistvides good thermal stability and durabilitysé|
iron oxides are generally 9-14%, which improveshigh-temperature resistance of the fiber. Badadtrfis

a silicate material, and its characteristics arg gémilar to those of cement-based materials;efoee, it has
been widely used in cement concrete recently [66].

[ sio,
%‘zh‘)’ 14.6%-183%
T mgo

Na,0+K,0 : g 3.0%-5.3%
| TiO,

P Fe,0,+Fe0 ‘ 6%-5.2%
[T Others \ = 0.8%—2.25%

9.0%—-14.0%

70.09%-0.13%

51.6%-59.3%

Fig. 2. Chemical composition of basalt fiber [6§,67

It should be noted that Basalt is distributed imyneegions of the world, such as Russia, Indonesid,the
western United States, and there are abundantvessér almost every province in China. As well &s i
constitutes an al large area of the Sham regionhén middle east. Therefore, the specific chemical
composition of BF will vary according to the geqgnecal location of the basalt stone [66,67]. lingportant

to note that the primary component of BFRC is cetegrwhich consists of cement, aggregates, watelr, a
various admixtures. The basalt fibers are addel ranforcement material to the concrete mix, tgihycin

the form of short fibers or continuous filament$ieTproportions and specific composition of the cetec
mixture can vary based on the desired performaheeacteristics and application requirements of BFRC
[68]. There are different types of basalt fiberattban be added to concrete, such as chopped fibers
continuous fibers. The addition of basalt fibers aprove the mechanical properties of concretduiing
compressive strength, flexural strength, and toeghndepending on the fiber content and the fitsrim
interface. BFRC can also be used to produce precasirete products, such as panels, pipes, and. slab
Basalt fibers have also been used for externalaiement and retrofitting of concrete structugs] [

4.4 Manufacturing of BFRC

The manufacturing process of BFRC typically invehaeveral steps. Firstly, basalt Fiber Productibere

the basalt fibers are manufactured mainly from basek. The rock is mined from selected excavatiand
then washed. Afterward, the basalt rock is melted seemperature of around 1400°C to produce molten
basalt. The molten basalt is then drawn into fibers through a spinning process similar to thadu®r
glass fiber production [70]. The second step isdbecrete mixture preparation which combines cement
aggregates (such as sand and crushed stone), aategny necessary admixtures. In the case of BFRC,
chopped basalt fibers are added to the concretauraias a reinforcement material [71]. Then theimgix
step comes where the concrete ingredients, ingubasalt fibers, are mixed thoroughly to achieve a
uniform distribution of fibers within the concreteatrix [72]. Afterward, the casting step proceed®re the
resulting BFRC is cast into the desired formworknoslds. This could involve pouring the concreteint
structural elements such as beams, columns, a,dapending on the specific building applicatieimally,

the BFRC needs to undergo a curing process to ath@wvconcrete to harden and gain strength. Curing
involves maintaining proper temperature and mogstaonditions for an appropriate duration. This
manufacturing process which relies on mixing in flst place translated into taking advantage & th
excellent mechanical properties of basalt fibexd @mbining them with the properties of concregsuiting

in a composite material with enhanced tensile gtien flexural resistance, and durability. The
environmentally friendly manufacturing process aisalt fibers further adds to their appeal for ceter
reinforcement applications [73]. It's important haghlight those specific details of the manufactgri
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process, such as the fiber content, mixing proajuand curing conditions, which can vary dependimg
the desired properties and the specific applicatguirements in building construction.

4.5 Properties of BFRC

It is worth reminding that the BFRC is the resuiltroxing concrete and basalt fibers. Thus, the athge of
properties of those two materials is considereBRRC, whether they are directed to structural psegoor
environmental purposes which is the point to bdlighted in this review paper. Additionally, notirigat
the BFRC as a new innovative material within tleédfiof building construction sector was found tous on
strengthening the concrete structurally in thet fileice. Therefore, this section starts with codiclg the
basalt fiber's and BFRC’s mechanical properties tueeh turn to the focal point in this paper; théepdial
benefits of BFRC within the environmental perforrmanThis combines the sustainable perspectiveisf th
new material by highlighting how to assess the ichpésuch a new innovative material.

45.1 Mechanical properties and structural performance

As mentioned previously, the BFRC is a result oking basalt fibers and concrete, the BFRC took
advantage in terms of the mechanical propertietheftwo mixed materials which already translated as
structural performance in the building constructiimhd. Indeed, there are quite a number of rectundies
have been conducted to investigate the mechanichstmuctural properties of BFRC. For example, rmtt
limited to, Al-Rousan, Khalid, and Rahman (2023jnsuarize their research findings on the properties o
basalt fibers, including their mechanical propetti€hey discuss the effects of parameters suchbes f
content and length on the structural propertieBBRC [74]. Also, another study held by Bheel (2021)
explored the structural properties of BFRC, inahgdicompressive strength, tensile strength, flexural
strength, and modulus of elasticity. It examines ¢ffects of mechanical properties such as voluaibn
and length of basalt fibers on these mentionedctsiral properties [71]. A review held by Zheng,abt
(2022) suggested mechanical properties of badatrdi enhance the structural properties of condrgte
strengthening it at a microscopic level and bridgsracks due to its high elastic modulus and tensil
strength [75]. Additionally, an investigational djuby Wu, et al (2023) focused on the structurabpprties

of BFRC by highlighting the basalt's natural prdjgs; such as density, solidness, and high melting
temperature. They emphasize basalt fiber's poteadia reinforcement in concrete structures [76&r@ll,
those types of studies offer valuable insights thio mechanical and structural properties of BFRE @an
serve as references for further exploration in fikisl.

Based on the related literature, we can concludeescey mechanical and structural properties tha®®F
exhibits. Noting that the mechanical and structpraiperties can vary depending on factors suchbas f
content, fiber length, concrete composition, arstiig methods. As indicated previously within théction,

it is worth to consider the key mechanical propgsrtiof BFRC before demonstrating the structural
characteristics, as the last depends on the Bestalt fiber reinforced concrete (BFRC) exhibitprioved
mechanical properties compared to plain concrete. dddition of basalt fibers enhances the cohesmh
adhesiveness of the concrete, affecting its wolikaHli70]. Also, BFRC shows increased compressive
strength, which is an important indicator of comerguality. The length and amount of basalt fibers
influence the compressive strength of BFRC. Theitimd of basalt fibers can affect the modulus of
elasticity (Young's modulus) of concrete, whiclaiseasure of its stiffness. Noting that differemportions

of basalt fibers can impact Young's modulus of BFRC]. Worth mentioning also that Basalt fiber-
reinforced geopolymer concrete demonstrates imgrdrgact mechanical properties, including dynamic
compressive strength, deformation, and energy phienrcapacity [77]. Basalt fiber reinforcement ioyes
the structural properties of concrete by enhandmgnechanical performance, durability, and resistato
high temperatures, acids, and alkalis [75,78]. Tghlight the potential of basalt fiber reinforcenhén
concrete structures, the post-cracking mechaniealtior of concrete reinforced with basalt fibess i
comparable to that of steel fibers [73]. Eventuadlyncluding that the mechanical properties anegyistic
mechanism of basalt fiber and concrete matrix umtiféerent temperatures can be evaluated to askess
structural performance of BFRC [79]. At this poiot the review, highlighting that the evaluation of
mechanical properties under different conditionsassess the structural performance would be usaful
exploring of how to assess the environmental parémice of BFRC within the building construction diel
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4. 5.2 Thermal properties and environmental performance

As mentioned previously, to meet sustainabilitgéds, it is essential to mitigate the environmeatsdct of
concrete structures. Thus, the main purpose otdnstruction industry is to develop a durable amndng
sustainable concrete structure that can decreaseetfative impact on the environment through miziimgj
the consumption of energy, limited resources, alitf increasing the human welfare and protectimg t
future generations’ welfare.

In fact, in the related literature in the fieldtbe environmental performance of the building, ¢hiera strong
relationship between the thermal properties of wanson materials and their environmental perfanoe
[80,81,82,83]. Where the related studies refercedetveral key points to consider in this relatiomsFor
example, thermal conductivity and energy efficien€tiie thermal conductivity of a material measutss i
ability to conduct heat. When it comes to buildinigss preferable for thermal conductivity to bederate

in relation to materials with high thermal massisTielps with the absorption and release of hdighiag
with the cooling and heating cycles of the buildimgpd promoting energy efficiency [84]. Additionall
thermal insulation materials play a vital role gducing the dependence on heating, ventilation, aand
conditioning (HVAC) systems in buildings. Propedpplied thermal insulation products retard the cdte
heat flow by conduction, convection, and radiaticontributing to improved energy efficiency [85]IsA,
one of the thermal properties is the moisture whiah degrade the performance of insulating maserial
When measuring the thermal conductivity of insal@tmaterials, the drying conditions (temperaturd an
time) are important factors to consider [86]. lingportant to say that the environmental perforneaota
material can be influenced by its thermal propertfeor example, materials with low thermal conduisti
can contribute to energy-efficient designs and cediheat transfer between different environmental
compartments. Furthermore, there are other coraidas that should be considered. It's importamdte
that thermal properties alone may not fully det@emihe environmental performance of a materiale©Oth
factors such as embodied energy, durability, retylity, and life cycle analysis should also be sidared
when assessing the overall environmental impaatrofterial or a building [87].

At this stage of this section, it is worth to card# the thermal properties of basalt fiber and BFr@der

to put forward the potential benefits of BFRC withihe field of a building’s environmental perforncan A
very potential benefit in the field of environmenterformance is that the addition of basalt fibtys
concrete has been found to reduce its thermal ativity. BFRC exhibits lower thermal conductivity
compared to conventional concrete, making it mesgstant to heat transfer. Thus, it enhances tbeedse

of energy consumption. Related studies have examthe heat transfer characteristics of BFRC and
observed improvements in heat transfer resistaos®ared to plain concrete [88,89]. Overall and desi
the mechanical properties, investigations intottieemal properties of BFRC have shown promisingltes
that can open new horizons in the field of sustadimauilding construction. Basalt fiber reinforceme
contributes to lower thermal conductivity, improveeht transfer resistance, increased compressevegs,
and enhanced durability, making it a potentiallyoi@ble material for various construction applicas
[71,76,79,88]. It is important to note that thedfie properties of BFRC may vary based on facsarsh as
the volume fraction of basalt fibers, mix desigmriecg conditions, and testing methods employed in
different studies. Therefore, further research apdcific testing are necessary to fully understand
optimize the thermal properties of BFRC for specépplications within the sustainable construcfietd.

As a conclusion of this section, a hint that camgiven to further future research in the field ¢fFBC-based
buildings is that to enrich the environmental parfance of such buildings, a great focus shouldizengo
monitoring the thermal properties of enhanced nateisuch as BFRC. Therefore, to reach sustainable
development targets within the sustainable buildiogstruction field and particularly in harsh clies
where the need for energy consumption is at itk.pea

4.6 Sustainable perspectives of BFRC

The sustainable perspectives in this section lgghlihe potential benefits of utilizing BFRC in tfield of
building construction. By leveraging its eco-frignahature, improved performance, waste utilizatiand
energy efficiency. The raw material of basalt filbeiginates from natural volcanic rock, which isvlgost
extraction since they are found on the surfaceeti®eno need to expend energy. Also, it incorpsrdtigh
chemical and thermal stability and produces no hargas or waste residue in the fiber productioocpss.
It is a kind of new green material that meets #guirements of environmental protection; it is adkof
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green fiber that does not create environmentatpolt or pose a cancer risk, Basalt fibers havaadarbon
footprint and are environmentally safe and noneoxilso, the strength of basalt fiber is much higtian
that of synthetic fiber. More to include is that @lastic modulus is similar to carbon's fiber, alhis higher
than that of other fibers. Though their comprehengierformance is parallel, the cost of basaltrfisdower
than one-tenth of carbon fiber [90,91,92,93].

Furthermore, Basalt fiber technology is a versatild effective method of enhancing constructioneniaits.

By adding basalt fibers to building materials, tesulting materials can be made stronger, morebtkjrand
more resistant to damage from weathering and athgironmental factors. This can help to extend the
lifespan of buildings and infrastructure, reduce theed for maintenance and repairs, and promote
sustainability in the construction industry [73®38,96]. Additionally, the following Table 2 can adade

the key points of BFRC's sustainable perspectivéisa field of building construction.

Sustainable perspectives lllustration

Sustainable and eco-friendly material Basalt filzederived from basalt rock, which is formed fromloanic
eruptions. It is considered a green fiber becausédas a minimal
environmental impact and does not cause pollutiming production. This
makes it an attractive choice for sustainable e¢onsbn practices [97].
Improved performance and durability BFRC exhibitghhelastic modulus, fracture strength, frost tesise, and
corrosion resistance. By incorporating basalt §bémto concrete, the
resulting composite material can enhance the paeoce and durability of
structures, reducing the need for frequent remaireplacements [97].
Reduced environmental footprint The use of badadtr§ in concrete can contribute to the reductiocaobon
emissions and energy consumption. Basalt fiberse heviower carbon
footprint compared to other reinforcement mateflisiks steel fibers, as their
production requires less energy and generates feyeenhouse gas
emissions [71].

Improved energy efficiency The use of BFRC can dbute to the thermal efficiency of buildings.
Basalt fibers have good insulating properties, Whian help reduce energy
consumption for heating and cooling purposes [98].

Longevity and reduced maintenance BFRC has thenpateo extend the service life of structures dasts
enhanced durability and resistance to environmédatabrs. This can result
in reduced maintenance requirements, lower lifdecgosts, and a smaller
environmental impact over the long term [99].

Table 2: Practices toward sustainable developméhinathe concrete construction sector.

5 CONCLUDING REMARKS

Facing the new sustainability challenges resulfirmgn construction materials, a detailed descriptadn
material alternatives needs to be provided. Futwsearch studies aimed at the modification and
optimization of building materials should includ®, least, simplified environmental analysis, sirtke
mitigation of environmental impact represents aanahallenge for the sustainability of modern stycie
The eco-efficiency of the modern building corresgeonot only to decrease energy consumption buttalso
the environmental impacts including resource conqiom and human welfare should also be counted.

In conclusion, this paper indicated the relatedistithat explored and investigated the featurdsF&tC in
the field of construction buildings, that partialjafound encouraging results. However, most of rélated
research focused on mechanical properties andtstaligperformance, while Studies focusing on thérma
properties and environmental performance have lpeatest and still sketchy. Therefore, in the fiefd o
environmental performance for a BFRC-based building collected information is still scattered. $hthis
paper draws hints at how to evaluate the envirotahgrerformance of such buildings as well as drifegs
potential environmental benefits of utilizing BFRCorder to face the sustainability challenges osed
earlier in this paper.

The challenge of reducing energy and raw mdtedasumption and at the same time complying with
human welfare, quality, and cost requirements ie tontext of the huge demand for cement as a
construction material in the future will only be twéith highly efficient research in the field ofsgssing the
environmental performance. Overall, BFRC is a nomall promising green material with excellent
capabilities and will have a lot of promise in #estainable construction sector. Both sides ofoperdnce,
the structural and environmental, should be consitle

Eventually, this review paper recommends furthgreexnental research on the composition of badadtr fi

in terms of basic materials that enhance the enmiemtal performance of BFRC, and the building's
environmental performance in turn. As the samewfoat has been studied previously in terms of BFRC's
structural performance. With noting the differeanditions that could be exposed to through manufay
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the BFRC. Which affects the thermal parameterdifese basalt fiber compositions. Then, to conclthde
suitable conditions for reaching the best enviromaleperformance of the BFRC-based building. Which
can be evaluated based on operational and usedpgetiwrefore enhancing the sustainable developofent
the concrete industry.
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