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1 ABSTRACT

Incorporating Basalt Fibers composites that are caused by the melting process of basalt rocks into the
concrete mixture to create the composite of the Basalt Fiber Reinforced Concrete (BFRC) is a good idea to
enhance concrete's mechanical properties, thus the concrete structural performance. However, modern
building materials must fulfill not only structural performance criteria but also reduce the environmental
impact accompanied by their production. As informed by related literature in the field of BFRC, benefits
linked with mechanical properties in terms of structural performance were illustrated widely. While there is
only a very limited amount of information available on the impact of using BFRC in terms of environmental
impact. Thus, this review identified this research gap and drew a potential linkage for how to assess the
environmental performance of BFRC-based buildings to be used in future research which relies on
sustainability perspectives.

Keywords: Fiber Reinforced Concrete Composites (FRCC), Basalt Fiber Reinforced Concrete (BFRC),
Environmental performance, Sustainable architecture, Building Planning

2 INTRODUCTION

Concrete is one of the most used construction materials in the present day due to its advantages of versatility,
and generally highly reliable performance of this material, and also the widespread availability and
comparatively low cost of the necessary raw materials and processing technology [1, 2, 3, 4]. Concrete-based
materials are usually affected and affect the construction process negatively due to their brittle nature [5].
Many recent studies focused on these deficiencies, so that, the use of different materials as reinforcement so
as to improve the properties of the hardened concrete was necessary [6, 7, 8, 9, 10, 11, 12]. These studies and
other similar studies were focusing mainly on enhancing the structural aspect of the building through
different approaches. One such approach to enhancing the constructional materials is the incorporation of
short-length fibers at minimal dosage to develop what is termed fiber-reinforced concrete composites
(FRCC) which were directly aimed at increasing positively the concrete structural properties [6, 12, 13, 14,
15, 16]. One of well reputed of these fiber composites due to its countless enhanced concrete structural
benefits is Basalt Fiber Reinforced Concrete (BFRC) [17, 18, 19].

In terms of the environmental aspect, the concrete-based materials industry is facing increased pressure as
concrete production is being perceived as unsustainable material. Although the energy intensity per
functional unit remains lower than most other available constructional materials [20], the very large
production volumes required to serve global needs for concrete lead to high worldwide consumption of
energy, as well as raising in the emission of greenhouse gases (GHGs). Thus, there is a growing global
interest within the housing and construction industry in the development of sustainable construction and
building materials that have a diminished environmental impact throughout their manufacturing and
operational lifecycle stages [4]. Thus, the development of sustainable constructional materials with reduced
environmental footprint through both manufacturing and operational phases is currently a key focus in the
sustainable construction industry. Furthermore, this key solution of creating sustainable construction
materials is shown as essential demand.

When considering the approach of utilizing fiber composites to reinforce the concrete, a clear gap is being
unfolded in terms of studying the enhancement of FRCC's environmental properties. Which can play a
significant role in confronting the sustainability challenges that are linked with the worldwide large
production of concrete. Specifically using the BFRC in enhancing the environmental properties of concrete
constructional material. This paper attempts to discuss the concept of BFRC in terms of the literature gap of
the enhanced environmental concrete properties as a potential solution to the global issue of the resulting
sustainability challenges of concrete high production as well as the energy consumption rates within
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concrete-based structures. As a basis for this, the current status of BFRC's approach to enhancing concrete
properties is reviewed. This review highlights some of the issues in the specific context of BFRC production
and outlines the importance of developing a deeper and more comprehensive understanding of thermal
parameters as part of the process of broadening the uptake of this approach for creating sustainable
architectural structures.

3 SUSTAINABILITY AND CONCRETE INDUSTRY

In response to the increasing pressures faced by the environment and limited resources, the term
“sustainability” has been created, which includes how natural systems function, and give whatever is needed
to keep the environment in balance now and in the future [21]. There are two definitions of sustainability that
were considered comprehensive. The first type reflects the social scientific definitions that are summarized in
treating sustainability as a relationship between the present and future welfare of persons [22, 23].
Furthermore, in the [24], the definition of sustainability is considered as it is the development that meets the
needs of the present people without affecting negatively the ability of future generations to meet their own
needs. This type of definition imposes ambiguity about how to make a balance between generations' welfare,
which led to the emergence of the second type of definition of sustainability; the ecological definition that
requires the protection of ecological processes as a condition of sustainability [25,26]. Also, again, this type
of sustainability definition presents some vague related to the way in which we can protect the ecological
processes. Indeed, in scientific contextualisms, sustainability should not follow any of these types on its own,
instead, it should be combined. This review is trying to answer the question raised here which is (What
strategy we should adopt to protect the ecological process while maintaining human welfare throughout the
human development stages?) through linking sustainability with the concrete industry in the field of
sustainable architecture. For more illustration about this review strategy note fig.1 below.
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Fig. 1. The Review Paper Strategy. (Al-Bqour. N, 2023).

The key components of concrete include cement, aggregates (such as sand and gravel), and water, with
additional materials like admixtures and fibers being optionally incorporated for specific purposes [27]. The
total volume of cement production worldwide in 2022 amounted to 4.1 billion tons. The total global
production of cement in 1955 reached 1.39 billion tons, which indicates the large growth of cement-based
construction. With production surpassing two billion metric tons, China was recently the leading cement-
producing country in 2022, with production surpassing two billion metric tons. Also, India ranked a distant
second that year, producing 370 million metric tons [28]. A potential future shortage of low-cost raw
materials is the first key point that should be considered in the context of the cement and concrete industry,
regarding its huge consumption of conventional limestone-based materials [6]. The manufacturing process of
cement involves the production of clinkers, which is a key component. Limestone plays a significant role in
clinker manufacturing as it is used as a raw material and can also be used as a clinker replacement or additive
[29]. Limestone is a widely available material, potential shortages could arise if there is an imbalance
between demand and supply, particularly in regions with high cement production. The sustainability of
limestone extraction forms an important consideration to ensure the long-term availability of this resource
for the next generations [30]. It is crucial for the concrete and cement industry to continually explore
sustainable alternatives, such as alternative and high-performance raw materials, to reduce the reliance on

REAL CORP 2024:
KEEP ON PLANNING FOR THE REAL WORLD

I776




Nadine Albqour, Mohammad Shehata, Zeyad Elsayad, Shaher Rababeh

limestone, and thus to mitigate any potential shortage concerns. In terms of Cement industry emissions and
energy consumption, the production process of cement requires the heating of a mixture of minerals to
temperatures of more than 1400 degrees Celsius in a kiln. This heating step requires energy in large amounts
as an essential demand, which ends up in worldwide greenhouse gas emissions. Which could be a real threat
to human welfare in harsh climates. Carbon dioxide emissions from cement production have increased nearly
continuously for several decades, reaching 1.7 billion metric tons in 2021 [28]. It should be highlighted that
the total emissions of the cement and concrete industry, as a whole sector, may contribute nearly 10% of
global anthropogenic CO2 emissions [6]. It is quite clear now that the process of cement and concrete
production has large negative effects on the environment in terms of consumption of limited resources,
energy consumption, as well as air emissions that contribute to global warming, therefore, negatively
impacting human welfare.

In addition to the environmental impacts discussed during the manufacturing process previously, the
environmental impacts generated during the operation of the concrete-based building are equally important
or even higher. This is because the embodied energy of construction materials during the manufacturing
stage is only a small fraction of the total energy consumption of a building during its whole lifespan [6].
Generally, environmental assessments of buildings have tended to concentrate on the impacts occurring in
operation and use. It should be noted that the environmental impacts through the building operational stage
occur throughout the whole lifetime of the building, which indicates how important is to consider those long-
term impacts [31]. The environmental impacts over the complete life cycle of the buildings are determined
using the indicators of air pollution index, energy consumption, global warming potential, resource use, solid
waste emissions, and water pollution index [32]. Considering the sustainability of buildings mainly focuses
on the energy demand and emissions during the building use phase [33]. In terms of concrete-based
buildings, related studies revealed that concrete-based buildings showed higher negative environmental
impacts [34, 35, 36]. Also, it should be noted that concrete-based buildings have higher environmental and
structural negative impacts within harsh climates [37, 38, 39, 40].

Overall, in the next decades, cement and concrete production is expected to continue to show increased
growth. Demand for cement in industrialized is increasing slowly if at all, but in developing countries and
regions such as India, other developing parts of Asia, the Middle East, South America, and Africa which are
linked usually with harsh climates, cement demand will continually increase due to fast urbanization and
associated infrastructure development [41]. Therefore, the environmental issues associated with limitations
on natural resources, CO2 emission, high energy consumption, and environmental performance within
concrete-based structures will play a leading and directing role in the sustainable development of the
concrete industry in the coming century. Unsurprisingly, the cement and concrete industry has been fully
aware of the discussed environmental challenges and has keenly focused on many positive activities over a
long period toward sustainable development in the concrete-based construction sector [6]. Please note Table
1 below for more demonstrations.

Sustainable development strategy Practices

Saving resources/ energy and reducing emissions from | Improving energy efficiency [42].

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

Reducing clinker content in cement and concrete Utilizing more supplementary materials, such as Blast Furnace Slag

(BFS), fly ash, natural pozzolans, and silica fume [45,46].

More precise design and determined use of concrete Selecting the correct concretes for specific applications [47].
Recycling construction and demolition wastes to produce recycled
aggregates [48,49].

Improving the durability of concrete [50].

Table 1: Practices toward sustainable development within the concrete construction sector.

Undoubtedly, the above-described approaches will enhance the concrete industry's sustainability as a whole.
It should be understood that the environmental impact of a building is very sensitive to the construction
material choices [33]. This paper review puts forward a key solution by utilizing BFRC in concrete-based
buildings in terms of environmental impacts within the manufacturing and operational stages of buildings.
Therefore, to increase sustainable development within the concrete and cement construction sector through
establishing the basis for sustainable structure based on sustainable innovative construction materials.
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4 BFRC AS A PROMISING CONSTRUCTION MATERIAL

4.1 Fiber Reinforced Concrete Composites (FRCC)

Predictably, cement will remain the key material to serve the construction sector's needs. Thus, as a
consequence, the concrete and cement worldwide industry sector contributes to the sustainability challenges
regarding environmental impacts. According to the International Energy Agency (IEA), the main levers for
cement and concrete producers are the increase in energy efficiency and the use of alternative materials.
Noting that these new materials might be able to play a role as cement constituents or reinforcing-concrete
materials in the future [41].

FRCC gained increasing attention within the construction industry due to its enhanced mechanical properties
and improved durability [51]. It is a combination of cementitious matrix and discrete fibers, which work
together to provide additional strength and reinforcement to the concrete [52]. Generally, in terms of
structural performance, it is well-known that traditional concrete is brittle in nature and lacks sufficient
tensile strength. By introducing fibers into the concrete matrix, these shortcomings can be overcome [51].
Introducing FRCC has led to significant advancements in the construction industry. Fibers can be added to
various cementitious materials such as concrete, mortar, and geopolymer composites to enhance their
performance [51,52]. The fibers used in these composites can be extracted of different types, including
synthetic fibers (e.g., glass fibers, carbon fibers, aramid fibers), natural fibers (e.g., plant fibers, basalt
fibers), and metallic fibers [53,54]. Highlighting that fiber technology is a versatile and effective method of
enhancing construction materials. By adding fibers to building materials, the resulting materials can be made
stronger, more durable, and more resistant to damage from weathering and other environmental factors. This
can help to extend the lifespan of buildings and infrastructure, reduce the need for maintenance and repairs,
and promote sustainability in the construction industry [55].

4.2 Basalt Fiber Reinforced Concrete (BFRC)

Basalt is a common extrusive volcanic rock. It is formed by the decompression of the melted lava. As a
worldwide rock, it has long been known for its thermal and structural properties. Its fibers are like carbon
fiber and fiberglass, but they have better physical-mechanical properties than fiberglass and are significantly
cheaper than carbon fiber [56]. Basalt fibers are natural fibers derived mainly from basalt rocks, making
them a natural material rather than a synthetic one. Basalt fibers are produced by exposing basalt stones to
high temperatures with the intent of melting and converting them into fibers [57].

Among many other reinforcing fibers, basalt fiber has been the least studied fiber [58]. The history of basalt
fiber dates to 1923, and it was further improved during World War II. The United States and the Soviet
Union investigated basalt fiber, especially for aerospace and military purposes [59]. Basalt fibers could not
be widely used for other than military applications because of the political issues at that time. After 1995,
and due to declassification, basalt fibers were produced and used on a commercial scale. Then, after 2000,
scientific research on basalt fiber applications gradually increased. Today, the basalt fiber industry is
improving based on the technology in composite research and applications that improved day by day. Basalt
fiber is considered a viable alternative to traditional glass fiber by the composite industry. Therefore, many
manufacturers and suppliers around the world are interested in basalt fiber, but with unlimited basalt
reserves, Russia plays a key role in basalt fiber technology [60,61]. The Basalt fibers are manufactured
mainly in Eastern Europe, Russia, and the USA, now in Israel, China, and India [62].

This review paper concentrates on a recent innovative constructional material, BFRC, which comprises the
advantages of Basalt fibers technology and provides the opportunity to reduce energy consumption, limited
resources consumption, and CO2 emissions, along with providing acceptable human welfare within
buildings in harsh climates. Before detailing the properties of this new innovative material in terms of
performance, it is worth introducing the state of the art with regard to its composition and manufacturing.

4.3 Composition of Basalt Fibers

BFRC is a type of fiber-reinforced concrete that utilizes basalt fibers to enhance the performance of plain
concrete. The chemical composition of basalt fibers typically consists of significant proportions of SiO2 and
AlI203, followed by MgO, CaO, and iron oxides [63]. Fig. 2 shows the content of each component of basalt
fibers. The proportion of SiO2 in the BF is nearly 51-59%, which provides good chemical stability and
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mechanical properties. A1203 is about 14-18%, which provides good thermal stability and durability. Also,
iron oxides are generally 9-14%, which improves the high-temperature resistance of the fiber. Basalt fiber is
a silicate material, and its characteristics are very similar to those of cement-based materials; therefore, it has
been widely used in cement concrete recently [66].
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Fig. 2. Chemical composition of basalt fiber [66,67].

It should be noted that Basalt is distributed in many regions of the world, such as Russia, Indonesia, and the
western United States, and there are abundant reserves in almost every province in China. As well as it
constitutes an al large area of the Sham region in the middle east. Therefore, the specific chemical
composition of BF will vary according to the geographical location of the basalt stone [66,67]. It is important
to note that the primary component of BFRC is concrete, which consists of cement, aggregates, water, and
various admixtures. The basalt fibers are added as a reinforcement material to the concrete mix, typically in
the form of short fibers or continuous filaments. The proportions and specific composition of the concrete
mixture can vary based on the desired performance characteristics and application requirements of BFRC
[68]. There are different types of basalt fibers that can be added to concrete, such as chopped fibers or
continuous fibers. The addition of basalt fibers can improve the mechanical properties of concrete, including
compressive strength, flexural strength, and toughness, depending on the fiber content and the fiber-matrix
interface. BFRC can also be used to produce precast concrete products, such as panels, pipes, and slabs.
Basalt fibers have also been used for external reinforcement and retrofitting of concrete structures [69].

4.4 Manufacturing of BFRC

The manufacturing process of BFRC typically involves several steps. Firstly, basalt Fiber Production where
the basalt fibers are manufactured mainly from basalt rock. The rock is mined from selected excavations and
then washed. Afterward, the basalt rock is melted at a temperature of around 1400°C to produce molten
basalt. The molten basalt is then drawn into fine fibers through a spinning process similar to that used for
glass fiber production [70]. The second step is the concrete mixture preparation which combines cement,
aggregates (such as sand and crushed stone), water, and any necessary admixtures. In the case of BFRC,
chopped basalt fibers are added to the concrete mixture as a reinforcement material [71]. Then the mixing
step comes where the concrete ingredients, including basalt fibers, are mixed thoroughly to achieve a
uniform distribution of fibers within the concrete matrix [72]. Afterward, the casting step proceeds where the
resulting BFRC is cast into the desired formwork or molds. This could involve pouring the concrete into
structural elements such as beams, columns, or slabs, depending on the specific building application. Finally,
the BFRC needs to undergo a curing process to allow the concrete to harden and gain strength. Curing
involves maintaining proper temperature and moisture conditions for an appropriate duration. This
manufacturing process which relies on mixing in the first place translated into taking advantage of the
excellent mechanical properties of basalt fibers and combining them with the properties of concrete, resulting
in a composite material with enhanced tensile strength, flexural resistance, and durability. The
environmentally friendly manufacturing process of basalt fibers further adds to their appeal for concrete
reinforcement applications [73]. It's important to highlight those specific details of the manufacturing
process, such as the fiber content, mixing procedures, and curing conditions, which can vary depending on
the desired properties and the specific application requirements in building construction.

REAL CORP 2024 Proceedings/Tagungsband  Editors: M. Schrenk, V. V. Popovich, P. Zeile, P. Elisei, C. Beyer, J. Ryser, m
15-17 April 2024 — https://www.corp.at H. R. Kaufmann



Sustainable Concrete-Based Structures: Review for the Potential Benefits of Basalt Fiber Reinforced Concrete (BFRC) in Enhancing
the Environmental Performance of Buildings

4.5 Properties of BFRC

It is worth reminding that the BFRC is the result of mixing concrete and basalt fibers. Thus, the advantage of
properties of those two materials is considered in BFRC, whether they are directed to structural purposes or
environmental purposes which is the point to be highlighted in this review paper. Additionally, noting that
the BFRC as a new innovative material within the field of building construction sector was found to focus on
strengthening the concrete structurally in the first place. Therefore, this section starts with concluding the
basalt fiber’s and BFRC’s mechanical properties and then turn to the focal point in this paper; the potential
benefits of BFRC within the environmental performance. This combines the sustainable perspective of this
new material by highlighting how to assess the impact of such a new innovative material.

4.5.1 Mechanical properties and structural performance

As mentioned previously, the BFRC is a result of mixing basalt fibers and concrete, the BFRC took
advantage in terms of the mechanical properties of the two mixed materials which already translated as
structural performance in the building construction field. Indeed, there are quite a number of recent studies
have been conducted to investigate the mechanical and structural properties of BFRC. For example, but not
limited to, Al-Rousan, Khalid, and Rahman (2023) summarize their research findings on the properties of
basalt fibers, including their mechanical properties. They discuss the effects of parameters such as fiber
content and length on the structural properties of BFRC [74]. Also, another study held by Bheel (2021)
explored the structural properties of BFRC, including compressive strength, tensile strength, flexural
strength, and modulus of elasticity. It examines the effects of mechanical properties such as volume fraction
and length of basalt fibers on these mentioned structural properties [71]. A review held by Zheng, et al
(2022) suggested mechanical properties of basalt fibers enhance the structural properties of concrete by
strengthening it at a microscopic level and bridging cracks due to its high elastic modulus and tensile
strength [75]. Additionally, an investigational study by Wu, et al (2023) focused on the structural properties
of BFRC by highlighting the basalt's natural properties, such as density, solidness, and high melting
temperature. They emphasize basalt fiber's potential as a reinforcement in concrete structures [76]. Overall,
those types of studies offer valuable insights into the mechanical and structural properties of BFRC and can
serve as references for further exploration in this field.

Based on the related literature, we can conclude some key mechanical and structural properties that BFRC
exhibits. Noting that the mechanical and structural properties can vary depending on factors such as fiber
content, fiber length, concrete composition, and testing methods. As indicated previously within this section,
it is worth to consider the key mechanical properties of BFRC before demonstrating the structural
characteristics, as the last depends on the first. Basalt fiber reinforced concrete (BFRC) exhibits improved
mechanical properties compared to plain concrete. The addition of basalt fibers enhances the cohesion and
adhesiveness of the concrete, affecting its workability [70]. Also, BFRC shows increased compressive
strength, which is an important indicator of concrete quality. The length and amount of basalt fibers
influence the compressive strength of BFRC. The addition of basalt fibers can affect the modulus of
elasticity (Young's modulus) of concrete, which is a measure of its stiffness. Noting that different proportions
of basalt fibers can impact Young's modulus of BFRC [71]. Worth mentioning also that Basalt fiber-
reinforced geopolymer concrete demonstrates improved impact mechanical properties, including dynamic
compressive strength, deformation, and energy absorption capacity [77]. Basalt fiber reinforcement improves
the structural properties of concrete by enhancing its mechanical performance, durability, and resistance to
high temperatures, acids, and alkalis [75,78]. To highlight the potential of basalt fiber reinforcement in
concrete structures, the post-cracking mechanical behavior of concrete reinforced with basalt fibers is
comparable to that of steel fibers [73]. Eventually, concluding that the mechanical properties and synergistic
mechanism of basalt fiber and concrete matrix under different temperatures can be evaluated to assess the
structural performance of BFRC [79]. At this point of the review, highlighting that the evaluation of
mechanical properties under different conditions to assess the structural performance would be useful for
exploring of how to assess the environmental performance of BFRC within the building construction field.

4.5.2 Thermal properties and environmental performance

As mentioned previously, to meet sustainability targets, it is essential to mitigate the environmental effect of
concrete structures. Thus, the main purpose of the construction industry is to develop a durable and strong
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sustainable concrete structure that can decrease the negative impact on the environment through minimizing
the consumption of energy, limited resources, along with increasing the human welfare and protecting the
future generations’ welfare.

In fact, in the related literature in the field of the environmental performance of the building, there is a strong
relationship between the thermal properties of construction materials and their environmental performance
[80,81,82,83]. Where the related studies referred to several key points to consider in this relationship. For
example, thermal conductivity and energy efficiency. The thermal conductivity of a material measures its
ability to conduct heat. When it comes to buildings, it is preferable for thermal conductivity to be moderate
in relation to materials with high thermal mass. This helps with the absorption and release of heat, aligning
with the cooling and heating cycles of the building, and promoting energy efficiency [84]. Additionally,
thermal insulation materials play a vital role in reducing the dependence on heating, ventilation, and air
conditioning (HVAC) systems in buildings. Properly applied thermal insulation products retard the rate of
heat flow by conduction, convection, and radiation, contributing to improved energy efficiency [85]. Also,
one of the thermal properties is the moisture which can degrade the performance of insulating materials.
When measuring the thermal conductivity of insulating materials, the drying conditions (temperature and
time) are important factors to consider [86]. It is important to say that the environmental performance of a
material can be influenced by its thermal properties. For example, materials with low thermal conductivity
can contribute to energy-efficient designs and reduce heat transfer between different environmental
compartments. Furthermore, there are other considerations that should be considered. It's important to note
that thermal properties alone may not fully determine the environmental performance of a material. Other
factors such as embodied energy, durability, recyclability, and life cycle analysis should also be considered
when assessing the overall environmental impact of a material or a building [87].

At this stage of this section, it is worth to conclude the thermal properties of basalt fiber and BFRC in order
to put forward the potential benefits of BFRC within the field of a building’s environmental performance. A
very potential benefit in the field of environmental performance is that the addition of basalt fibers to
concrete has been found to reduce its thermal conductivity. BFRC exhibits lower thermal conductivity
compared to conventional concrete, making it more resistant to heat transfer. Thus, it enhances the decrease
of energy consumption. Related studies have examined the heat transfer characteristics of BFRC and
observed improvements in heat transfer resistance compared to plain concrete [88,89]. Overall and besides
the mechanical properties, investigations into the thermal properties of BFRC have shown promising results
that can open new horizons in the field of sustainable building construction. Basalt fiber reinforcement
contributes to lower thermal conductivity, improved heat transfer resistance, increased compressive strength,
and enhanced durability, making it a potentially favorable material for various construction applications
[71,76,79,88]. It is important to note that the specific properties of BFRC may vary based on factors such as
the volume fraction of basalt fibers, mix design, curing conditions, and testing methods employed in
different studies. Therefore, further research and specific testing are necessary to fully understand and
optimize the thermal properties of BFRC for specific applications within the sustainable construction field.
As a conclusion of this section, a hint that can be given to further future research in the field of BFRC-based
buildings is that to enrich the environmental performance of such buildings, a great focus should be given to
monitoring the thermal properties of enhanced materials such as BFRC. Therefore, to reach sustainable
development targets within the sustainable building construction field and particularly in harsh climates
where the need for energy consumption is at its peak.

4.6 Sustainable perspectives of BFRC

The sustainable perspectives in this section highlight the potential benefits of utilizing BFRC in the field of
building construction. By leveraging its eco-friendly nature, improved performance, waste utilization, and
energy efficiency. The raw material of basalt fiber originates from natural volcanic rock, which is low-cost
extraction since they are found on the surface, there is no need to expend energy. Also, it incorporates high
chemical and thermal stability and produces no harmful gas or waste residue in the fiber production process.
It is a kind of new green material that meets the requirements of environmental protection; it is a kind of
green fiber that does not create environmental pollution or pose a cancer risk, Basalt fibers have a low carbon
footprint and are environmentally safe and non-toxic. Also, the strength of basalt fiber is much higher than
that of synthetic fiber. More to include is that its elastic modulus is similar to carbon's fiber, which is higher
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than that of other fibers. Though their comprehensive performance is parallel, the cost of basalt fiber is lower
than one-tenth of carbon fiber [90,91,92,93].

Furthermore, Basalt fiber technology is a versatile and effective method of enhancing construction materials.
By adding basalt fibers to building materials, the resulting materials can be made stronger, more durable, and
more resistant to damage from weathering and other environmental factors. This can help to extend the
lifespan of buildings and infrastructure, reduce the need for maintenance and repairs, and promote
sustainability in the construction industry [73,94,95,96]. Additionally, the following Table 2 can conclude
the key points of BFRC's sustainable perspectives in the field of building construction.

Sustainable perspectives Tllustration

Sustainable and eco-friendly material Basalt fiber is derived from basalt rock, which is formed from volcanic
eruptions. It is considered a green fiber because it has a minimal
environmental impact and does not cause pollution during production. This
makes it an attractive choice for sustainable construction practices [97].
Improved performance and durability BFRC exhibits high elastic modulus, fracture strength, frost resistance, and
corrosion resistance. By incorporating basalt fibers into concrete, the
resulting composite material can enhance the performance and durability of
structures, reducing the need for frequent repairs or replacements [97].
Reduced environmental footprint The use of basalt fibers in concrete can contribute to the reduction of carbon
emissions and energy consumption. Basalt fibers have a lower carbon
footprint compared to other reinforcement materials like steel fibers, as their
production requires less energy and generates fewer greenhouse gas
emissions [71].

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

Longevity and reduced maintenance BFRC has the potential to extend the service life of structures due to its
enhanced durability and resistance to environmental factors. This can result
in reduced maintenance requirements, lower life-cycle costs, and a smaller
environmental impact over the long term [99].

Table 2: Practices toward sustainable development within the concrete construction sector.

S CONCLUDING REMARKS

Facing the new sustainability challenges resulting from construction materials, a detailed description of
material alternatives needs to be provided. Future research studies aimed at the modification and
optimization of building materials should include, at least, simplified environmental analysis, since the
mitigation of environmental impact represents a major challenge for the sustainability of modern society.
The eco-efficiency of the modern building corresponds not only to decrease energy consumption but also to
the environmental impacts including resource consumption and human welfare should also be counted.

In conclusion, this paper indicated the related studies that explored and investigated the features of BFRC in
the field of construction buildings, that particularly found encouraging results. However, most of the related
research focused on mechanical properties and structural performance, while Studies focusing on thermal
properties and environmental performance have been modest and still sketchy. Therefore, in the field of
environmental performance for a BFRC-based building, the collected information is still scattered. Thus, this
paper draws hints at how to evaluate the environmental performance of such buildings as well as drives for
potential environmental benefits of utilizing BFRC in order to face the sustainability challenges mentioned
earlier in this paper.

The challenge of reducing energy and raw material consumption and at the same time complying with
human welfare, quality, and cost requirements in the context of the huge demand for cement as a
construction material in the future will only be met with highly efficient research in the field of assessing the
environmental performance. Overall, BFRC is a novel and promising green material with excellent
capabilities and will have a lot of promise in the sustainable construction sector. Both sides of performance,
the structural and environmental, should be considered.

Eventually, this review paper recommends further experimental research on the composition of basalt fiber
in terms of basic materials that enhance the environmental performance of BFRC, and the building's
environmental performance in turn. As the same for what has been studied previously in terms of BFRC's
structural performance. With noting the different conditions that could be exposed to through manufacturing
the BFRC. Which affects the thermal parameters for these basalt fiber compositions. Then, to conclude the
suitable conditions for reaching the best environmental performance of the BFRC-based building. Which
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can be evaluated based on operational and use periods, therefore enhancing the sustainable development of
the concrete industry.
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