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This study investigates on the impact of basalt fiber reinforcement concrete in protected building and structures. Basalt fibers, derived from the melting of basalt rock at temperatures ranging from 1,500 to 1700°C, are recognized as sustainable and environmentally friendly fiber materials. Various studies have revealed differing optimal percentages of basalt fibers for enhancing the mechanical and chemical properties of concrete. The objectives of this paper are to investigate the effects of basalt fibre reinforcement on mechanical properties like tensile, compressive, and bending strengths. Additionally, performance indicators like void content, water absorption, chloride ion permeability, alkali and slag resistance, temperature stability, shrinkage characteristics, and abrasion resistance will be evaluated. Basalt fibre is typically utilised to increase the mechanical properties and durability of concrete, which has an impact in the effect on protected buildings and structures. The findings indicate that the most effective percentage range for improving mechanical properties lies between 0.1% and 0.3% of basalt fibers. Notably, concrete reinforced with basalt fibers demonstrates superior mechanical and chemical performance in alkaline environments compared to other fiber types. Moreover, the addition of 0.5% basalt fibers to concrete has been shown to significantly reduce chloride ion penetration, as evidenced by a decrease in RCPT load from 2,500 (C) to 1900 (C), indicative of enhanced chloride resistance. Reinforced concrete containing basalt fibers exhibits remarkable temperature resistance, withstanding temperatures exceeding 800°C due to its high-water absorption capacity. Additionally, basalt fibers exhibit resilience at temperatures up to 200°C. However, it is noted that the introduction of 0.14% basalt fibers leads to a slight increase in water absorption from 4.08 to 4.28. In general, basalt fibres are beneficial to many aspects of concrete; they strengthen resistance to temperature, alkali, acid exposure, and chloride while also improving mechanical qualities such as bending and tensile strength. The development of basalt fibres that extend building lifespans and improve concrete quality for structural engineering applications is making encouraging strides, according to all the results.
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1 INTRODUCTION
One of the most advanced engineering materials of this decade is basalt fibre reinforcement concrete, which is adept at boosting strength, ductility, and durability in building structure uses. The basalt fiber naturally originates from the melting of basalt rock in the form of frozen lava at temperatures ranging from 1,500°C to 1700°C. The Moscow Research Institute of Glass and Plastic first created the fibre in 1953–1954, utilising an industrial furnace designed for melting basalt rock to create the fiber’s shape. Moreover, the first industrial production was carried out by the Ukraine Fibre Laboratory in 1985, with an emphasis on basalt fibre research (Usage of Chopped Basalt Fibres in Concrete Composites: A Review, 2017; Zhou et al., 2020).The sustainable characteristics of basalt fiber are effective factors for replacing this type of fiber with others, such as glass and steel fibers (Fiore et al., 2015). Basalt fiber is a green material known for its high efficiency and lack of toxic and non-carcinogenic effects. Notably, basalt fiber is an environmentally friendly option with a cost comparable to other fiber types. Moreover, it enhances temperature resistance, corrosion resistance, chemical properties, and mechanical properties (Karacor and Ozcanli, 2022; Shoaib et al., 2022; Tamás-Bényei and Sántha, 2023).
The construction sectors are currently adopting more green materials in an effort to protect the environment (Esparham et al., 2023). In this approach, the chemical and mechanical qualities of concrete are enhanced by the use of basalt fibre, a green reinforcement made of lava rock. Because basalt fibres can absorb high-energy electromagnetic radiation and withstand both hot and cold temperatures, adding them to concrete can protect buildings and structures from many forms of electromagnetic radiation. Basalt fibre reinforced concrete could improve building protection from various angles due to its high output energy, high tensile strength, and excellent corrosion resistance.
Basalt fibers exhibit high insulation and anti-corrosion properties, making them applicable in railway and road engineering (Di Ludovico et al., 2010). The outperform steel in mitigating chloride damage and corrosion, offering a more economically viable solution (Angst et al., 2009). Moreover, research suggests that basalt fibers surpass glass and carbon fibers in resisting corrosion due to saltwater (Wu et al., 2015). However, it is noteworthy that the strength of basalt fibers decreases by more than 80% after 90 days, although this effect is less pronounced than observed in glass and carbon fibers (Sim et al., 2005).
Basalt fiber is widely used in civil engineering, especially in the production of reinforcing materials. One investigation, for instance, considered using basalt fiber polymer bars to reinforce a timber beam, which led to an incredible increase in maximum loading of more than 16% (Gand et al., 2018).
Similarly, the reinforced timber beam is made up of several sorts of bars, such as steel, basalt, and glass. Their results showed that steel bars increased maximum loading by 57%, basalt bars by 32%, and glass bars by 27% (Wdowiak-Postulak et al., 2023). When basalt rebar was used to determine a beam’s maximum loading capacity, it was discovered that the capacity was increased by ribbed, fiber-free basalt rebar (Li et al., 2024). Additionally, researchers investigated the use of fiber-wrapped ribbed basalt fiber polymer rebar for reinforcing sea-sand concrete. Their results showed how crucial geometric parameters are to achieve the best outcomes. In addition, bond strength increased in the expanded clay concrete reinforced with basalt fiber 15 from 13.13 MPa to 20.34 MPa. It is understood that the reinforced concrete can increase the compressive strength more than 66%. The effects of adding basalt fiber-reinforced polymer (BFRP) and glass fiber-reinforced polymer (GFRP) to a concrete mixture design that included metakaolinite and zeolite were investigated in a related study (Krassowska et al., 2023).
The results indicated a 20% improvement in adhesion stress with GFRP and an increase of more than 15% with BFRP. The study evaluated how the mechanical characteristics of tailing mortar were affected by basalt and polyacrylonitrile fibers (W et al., 2023). The researchers found that the compressive, splitting tensile, and flexural strengths were raised by adding 0.5% polyacrylonitrile fiber and 25% basalt fiber. Using basalt fibers to improve the mechanical properties of pea gravel concrete is yet another illustration (Sun and Xu, 2009). It was discovered that the addition of 0.4% of 12-mm-long basalt fibers to pea gravel concrete increased the concrete’s compressive strength by over 44%. Another study examined adding nanomaterial cellulose pellets and chopped basalt fiber with a cementitious matrix to find new mechanical properties (Zhang et al., 2018). It is understood that mechanical properties such as compressive strength increased more than their prediction. Based on their findings, basalt fiber minibars can enhance tensile strength by more than 4.18–6 times and flexural strength by more than 12–26 times (Fu et al., 2021).
To evaluate changes in the mechanical properties of recycled concrete, basalt fiber dosages of 0, 0.1, 0.3, and 0.5% are incorporated into the reinforced recycled concrete with basalt fibre (Chen and Chen, 2023). The findings indicated that concrete with 0.5% basalt fiber and 100% recycled aggregates exhibited the best compressive strength and a 90% improvement in tensile strength. Other studies have explored hybrid-reinforced concrete, combining basalt and various fibers, to analyze mechanical and durability aspects in salty environments. For the study of reinforced concrete with basalt fibers with recycled aggregates, the results show that the dose of basalt fibers with 1% is the optimal percentage for flexural strength. Compared to the control concrete containing 100% recycled aggregates and without basalt fibers, 1% basalt fibers resulted in a 31.6% decreasing in drying shrinkage (Jiao et al., 2022). The results demonstrated that hybrid basalt–polypropylene fiber-reinforced concrete outperformed conventional concrete (Zhang, 2017; Zhang et al., 2018; Sun et al., 2019; Fu et al., 2021; Klyuev et al., 2023).
The research indicates that adding a significant percentage of basalt fiber, around 1%, enhances the performance of recycled aggregate concrete. Moreover, research has been done on the effects of basalt fiber on recycled aggregate concrete (CSA S806-12 Design and Construction of Building Structures with Fibre-Reinforced Polymers, 2012). It is concluded from the results that basalt fiber enhances the ductility of concrete while simultaneously improving its microstructure and interfacial transition zone. According to Monaldo et al. (Monaldo et al., 2019), basalt fiber rebar could cut anthropogenic emissions by over 62% when compared to steel rebar. Additionally, concrete reinforced with basalt fiber rebar reduces shear resistance and crack width (ACI 440.1R-15, 2015 Guide for Design and Construction of Structural Concrete Reinforced with Fiber-Reinforced Polymer FRP Bars, 2015; CSA S806-12 Design and Construction of Building Structures with Fibre-Reinforced Polymers, 2012).
Self-consolidating concrete (SCC) used in bridge decks was examined for the effects of basalt fibre (Sadrmomtazi et al., 2018). It was found that basalt fiber greatly increases shear resistance (Hassan et al., 2000). Looked at the usage of basalt fiber to reinforce recycled concrete aggregates. Their study involved replacing recycled aggregates with 0%, 50%, and 100%. Additionally, basalt fiber was added at 0 kg/m3, 2 kg/m3, and 4 kg/m3. The results indicated an increase in maximum loading capacity with the rising content of basalt fiber. However, beyond 2 kg/m3 to 4 kg/m3, the maximum capacity of concrete decreased, according to their findings.
Research indicates that basalt fiber can enhance the chemical properties of concrete, exhibiting robust resistance against corrosion, heat, alkali, and acid (Sim et al., 2005). The three-dimensional irregular network formed by basalt fibers is interconnected with the cement matrix and aggregates (Monaldo et al., 2019). Studies reveal that concrete reinforced with basalt fibers demonstrates superior bonding strength compared to steel rebar in alkaline environments (Taha et al., 2020). Basalt fibers exhibit enduring chemical stability when immersed in mild alkali conditions (Lee et al., 2014). To analyze the durability of agricultural waste walnut shells reinforced by basalt fiber (Militk et al., 2002). Results showed that adding chopped basalt fiber with a dose of 0.6% and a length of 6 mm to a mortar with a compressive strength of over 13%, 48%, and 43%, respectively, improved splitting tensile strength and flexural strength.
The addition of basalt fibers to concrete is shown to increase electrical resistance and improve chemical properties. The Rapid Chloride Penetration Test (RCPT) is employed to assess the chemical properties of concrete (Sadrmomtazi et al., 2018). The utilisation of basalt fibres in concrete is a crucial factor in improving its porosity (Hrynyk and Frydrych, 2015). Additionally, (Novitskii, 2004), discovered that basalt fibres are more resistant to chloride than polypropylene fibres. Moreover, (Buratti et al., 2015), examined the basalt fibre concrete’s resistance to attacks by the sulfate-magnesium combination. The flexural strength of the concrete was raised by more than 16% when 0.5% of basalt fiber was added, as per their findings. Also, the use of basalt fibers in concrete spacecraft limits the propagation of cracks, and the sulfate attack in concrete is also reduced, which increases its durability. Certain studies examined reinforced concrete with basalt fibers to boost the concrete’s resilience to heat treatment. The assessment of the addition of basalt fiber is necessary in order to gain further insight into the heat resistance of concrete. The flexural strength of basalt fiber reinforced concrete is affected by the reduction in basalt fiber size that occurs after 180 min of exposure to a temperature of 300°C. For instance, (Li et al., 2020) investigate how heat treatment improves the mechanical parameters of basalt fiber-reinforced concrete, such as flexural strength, when compared to other samples.
Basalt fiber presents numerous advantages in engineering and civil engineering. Literature supports the idea that basalt fiber can enhance both mechanical and chemical properties. This study examines the impact of basalt fibers on concrete and points to its capacity to change mechanical properties, including compressive, tensile, and bending strengths as well as chemical resistance. The aim of the research is to demonstrate how adding basalt fibres to concrete can strengthen its mechanical and chemical qualities, hence improving the structure’s protection. To enhance mechanical and chemical quality, basalt fibre addition in the right amount is therefore essential.
2 METHODS
In this study, the focus initially centered on the examination of basalt fibers. The fundamental characteristics and potential uses of basalt fibers, specifically in the field of civil engineering, were important areas of research in the beginning stage. Subsequently, the investigation delved into assessing the impact of basalt fibers on concrete. The following phase examined various aspects of concrete performance, as illustrated in Figure 1, such as void content, water absorption, chloride ion permeability, resistance to corrosion and alkali, resistance to shrinkage, abrasion resistance, and mechanical qualities. Collectively, this study sheds light on both the intrinsic properties of basalt fibers and their influence on concrete. Figure 1 demonstrates the way this study uses basalt fibres to improve the quality of concrete, which increases the life expectancy of buildings and structures that are protected.
[image: Figure 1]FIGURE 1 | Methodology of current study.
3 BASALT FIBER
3.1 The nature of basalt fiber
Basalt fiber is made by melting the natural volcanic basalt fiber rock at a temperature between 1,450 and 1,500°C. For the first time, the Moscow Research Institute of Glass and Plastic have used the basalt fibers. Melted basalt rock must be passed through crucible bushing consisting of rhodium and platinum to produce basalt fiber. Due to the distinctive properties of basalt fiber, the chopped form of this fiber has been utilized in building materials and various industrial applications. Moreover, basalt fiber can serve as a replacement for other types of fibers, such as glass and carbon fibers. Other uses of basalt fiber include electrical insulation, automotive parts, sports items, fire protection, and so on (Dhand et al., 2015). Tables 1, 2 illustrate the mechanical and chemical properties of basalt fibers. One advantage of basalt fiber is its reasonable cost, especially when compared to glass and carbon fibers, considering their chemical properties (Banibayat and Patnaik, 2014; Sadrmomtazi et al., 2018). Basalt fiber is utilized in the production of personal protective equipment due to its high thermal resistance, ranging from −260°C to +800°C, and its low moisture absorption. Additionally, basalt fiber exhibits resistance to alkalis and acids. Moreover, it possesses non-flammable properties and can withstand exposure to flames (Militk et al., 2002; Hrynyk and Frydrych, 2015; Miskiewicz et al., 2019).
TABLE 1 | Basalt fiber chemical properties (Banibayat and Patnaik, 2014; Sadrmomtazi et al., 2018).
[image: Table 1]TABLE 2 | Basalt fiber mechanical properties (Banibayat and Patnaik, 2014; Sadrmomtazi et al., 2018).
[image: Table 2]3.2 The application of basalt fiber in civil engineering
Due to its capacity to improve the mechanical and chemical properties of materials, basalt fibers have found extensive applications in the field of civil engineering. These fibers serve various functions, including insulation, sound absorption, and augmenting concrete’s resistance to heat, among other properties pertinent to concrete, owing to their use as additives (Novitskii, 2004; Buratti et al., 2015). For instance, (Wang et al., 2020) demonstrated that the incorporation of 0.4% basalt fiber content stabilizes soil when combined with cementitious materials. Their findings suggest that the addition of basalt fiber and cement offers a novel approach to soil stabilization in geotechnical engineering.
In a similar vein, (Saloni et al., 2020), investigated the effects of different proportions of basalt fiber (ranging from 0% to 100% by binder mass) added to geopolymer paste as a replacement for rice husk ash silica. The research aimed to evaluate the geopolymer paste’s ensuing mechanical qualities. Notably, the chemical composition of basalt fiber primarily comprises SiO2 and CaO. The synergistic interaction between SiO2 and CaO is believed to enhance the mechanical properties of geopolymer paste, particularly its compressive strength. The outcomes revealed that basalt fiber not only enhances mechanical properties such as bulk density, compressive strength, and flexural strength but also improves the chemical resistance of geopolymer paste.
Basalt fiber has demonstrated favorable effects on the mechanical properties of asphalt. (Mohaghegh et al., 2018) investigated the impact of basalt fiber on the interfacial bond of asphalt binder, concluding that basalt fiber positively influences mechanical properties. Similarly, (Wang et al., 2019), determined the optimal basalt fiber length and percentage for porous asphalt mixture to be 9 mm and 0.3%, respectively. Also, basalt fiber is used in textile-reinforced concrete (TRC), which increases the hardness of the cement matrix. The incorporation of chopped basalt fiber improves TRC’s load-bearing capacity due to its inherent brittleness, complementing the brittleness of concrete (Du et al., 2018; Li et al., 2019). The author (Tumadhir, 2013), introduced basalt fiber to enhance compressive strength, finding that 0.3% basalt fiber content yielded optimal results, albeit with a slight reduction in compressive strength upon fiber addition. The influence of basalt fibers extends to the mechanical and chemical properties of concrete, including compressive, tensile, and flexural strengths (Hasanzadeh et al., 2022; Hematibahar et al., 2022; Kharun et al., 2022).
4 BASALT FIBER RESULTS ON CONCRETE
4.1 Workability
The workability of concrete significantly impacts its placement and overall composite performance. However, the addition of fibers can lead to a decrease in concrete workability, with the extent of reduction dependent on fiber dosage and length (Li and Li, 2013; De Figueiredo and Ceccato, 2015). For instance, (Niu et al., 2020) observed a decrease in concrete slump with the addition of basalt fiber. Their experiments revealed that as the basalt fiber dosage increased (0.05%, 1%, 0.15%, and 0.2%), the slump decreased by more than 26%, 51%, 58%, and 67%, respectively. This reduction can be attributed to the high surface area of basalt fiber, which reduces cohesion between concrete components, consequently increasing the viscosity of the concrete matrix (Katkhuda and Shatarat, 2017). Similarly, (Borhan, 2012), demonstrated that adding 0.5% of basalt fiber led to a reduction in concrete slump. Furthermore, Kabay (Kabay, 2014) investigated the effect of basalt fiber length (12 mm and 24 mm) and dosage (0.07% and 0.14%) on concrete slumps. When the basalt fiber length was 12 mm, the slump was 110 mm and 150 mm for 0.07% and 0.14% fiber percentages, respectively. However, for fiber lengths exceeding 24 mm, the slump exceeded 100 mm for both fiber percentages. Additionally, (Sadrmomtazi et al., 2018), analyzed the influence of basalt fiber dosage on cementitious mixtures, noting a reduction in mortar matrix flowability with increased fiber dosage. Comparatively, other fiber types such as steel, polypropylene (PP), and polyvinyl alcohol (PVA) also decrease concrete workability when added to cementitious mixtures (Jiang et al., 2014; Bouziadi et al., 2016; Afroughsabet et al., 2018). For instance, (MO et al., 2019), studied the effect of PVA fibers on concrete workability, observing slump reductions of more than 5.3%, 20.2%, and 29.8% with the addition of 1%, 1.5%, and 2% PVA fibers, respectively. Notably, workability reductions with the addition of basalt fibers were much more significant, surpassing 29.7% and 40.8% for 1% and 2% basalt fiber additions, respectively. Table 3 provides a summary of slump results from various studies in this section (Kabay, 2014; Katkhuda and Shatarat, 2017; Niu et al., 2020).
TABLE 3 | The Slump results of basalt fiber reinforced concrete (Kabay, 2014; Katkhuda and Shatarat, 2017; Niu et al., 2020).
[image: Table 3]4.2 Void content of basalt fiber concrete
The addition of fibers to concrete introduces voids and porosity into the cementitious matrix (Guo et al., 2019). Observed that the inclusion of basalt fiber in concrete led to an increase in porosity within the cementitious matrix. This increase in voids and porosity due to basalt fiber may contribute to a decrease in workability. In contrast, (Zheng et al., 2022) noted that as the percentage of basalt fiber increased, the voids within the concrete slightly decreased.
4.3 Water absorption
It has been discovered that increasing the dose of basalt fiber helps the cementitious matrix absorb more water, which is a crucial component (Behfarnia and Behfarnia, 2014). For instance, when the water absorption of the concrete was raised from 3.2% to 4.3% by adding 0.07% and 0.14% of 12 mm-long basalt fiber, respectively. Comparable results were also obtained, indicating that the water absorption of concrete reinforced with 1% and 1.5% basalt fiber was 33% and 57% higher, respectively, than that of unreinforced concrete.
The addition of basalt fiber to self-consolidating concrete (SCC) increased water absorption was studied (Algin and Ozen, 2018). Considering an increase in water penetration with the addition of basalt fiber, attributing it to the surface characteristics of the basalt fiber and the ITZ.
In contrast to PP fibers, basalt fiber could increase water absorption by opening voids in the cementitious matrix. Research indicates that the optimal dosage for adding PP fiber to concrete is 0.7 kg/m³ (Ramezanianpour et al., 2013; Behfarnia and Behfarnia, 2014). According to (Afroughsabet and Ozbakkaloglu, 2015), steel fibers can decrease the amount of water that concrete absorbs, giving outcomes that are comparable to those of PP fibers. Table 4 presents the water absorption results of this section (Kabay, 2014; Afroughsabet and Ozbakkaloglu, 2015). Water absorption of concrete reinforced with basalt fibers can improve the ability of concrete against high temperature and fire conditions in the building, so adding basalt fibers in concrete improves the protection of buildings against fire and high temperature.
TABLE 4 | The basalt fiber reinforced concrete water absorption (%) (Kabay, 2014; Afroughsabet and Ozbakkaloglu, 2015).
[image: Table 4]4.4 Chloride ion permeability
The rapid chloride penetration test (RCPT) is an effective method for assessing chloride ion penetration in cementitious composites, conducted in accordance with ASTM 1202 (ASTM, Standard Test Method for Electrical Indication of Concrete’s Ability to Resist Chloride, C 1202-07, 2009). This test measures the total charge passing through a cubic concrete specimen over 6 hours.
The impact of adding basalt fiber to concrete on RCPT results has been investigated (Guo et al., 2019). According to the study, hydration caused the charge communicated to drop over time, even though it initially rose due to voids in the concrete. However, the addition of basalt fiber had a negative impact on the charge transmitted, ultimately leading to low chloride ion penetrability, particularly evident in concrete samples cured for 28 and 56 days. Similar outcomes were obtained when basalt fiber was added to SCC; a higher dosage of basalt fiber resulted in a lower level of chloride permeability (Algin and Ozen, 2018). The water absorption findings for this region are shown in Table 5 (Guo et al., 2019).
TABLE 5 | The basalt fiber reinforced concrete water absorption (%) (Algin and Ozen, 2018; Guo et al., 2019).
[image: Table 5]4.5 Alkali and corrosion resistance
While there is no specific evidence directly linking basalt fiber to alkali environmental resistance, some studies suggest that basalt fiber may enhance resistance to alkali environments (Ramachandran et al., 1981; Wang et al., 2008). The concrete reinforced with basalt fiber exhibited decreased mass and strength when immersed in a 1 M sodium hydroxide solution (Lee et al., 2014). The prolonged immersion of basalt fiber in sodium hydroxide solution resulted in surface flaking was studied in (Sim et al., 2005). The studies conducted by (Ramachandran et al., 1981) indicated that basalt fiber demonstrated more excellent resistance to alkali environments compared to acid environments. The modified basalt fiber to enhance its resistance to alkali and chemical environments was considered (Li, et al., 2020). Some studies have explored chemical treatment methods to improve the chemical properties of basalt fiber concrete (Lipatov, et al., 2015; Li, et al., 2020). The addition of modified basalt fiber increased the flexural strength of concrete was observed (Nováková et al., 2018). The coated basalt fiber with zirconia has increased its corrosion resistance properties (Yousefieh et al., 2017). Overall, incorporating basalt fiber in concrete to enhance corrosion resistance yielded superior results compared to other fiber types, such as steel and carbon fiber (Wu et al., 2015). The results of alkali and corrosion resistance show that basalt fibers can improve the protection of concrete buildings and structures against alkali resistance.
4.6 Temperature resistance
Basalt fiber can be utilized in concrete exposed to high temperatures (Cerny et al., 2009; Wu et al., 2015). Its incorporation in concrete enhances the material’s temperature stability. Basalt fibers strengthen the concrete’s resistance to high temperatures by increasing its crystallinity (Li, et al., 2020). Study findings showed that, at 250°C, concrete with 2% more basalt fibers was lighter than concrete without any basalt fibers (Felekoglu et al., 2007). Additionally, basalt fiber-reinforced concrete exhibited fewer cracks than unreinforced concrete when exposed to temperatures exceeding 800°C (Shaikh and Taweel, 2015). For instance, the basalt fiber concrete significantly enhanced fire resistance for temperatures exceeding 600°C (Nováková et al., 2004). Furthermore, basalt fiber exhibits superior stability in fire resistance compared to steel and glass fibers.
4.7 Shrinkage properties
Short fibers can effectively mitigate the impact of shrinkage in cementitious matrices when dispersed evenly throughout the material (Yousefieh et al., 2017; Adesina, 2020). A study on concrete reinforced with basalt fibers found that integrating 3% of 25 mm basalt fibers resulted in a considerable reduction in plastic shrinkage (Al-Majidi, et al., 2017). The study found that the percentage and length of basalt fibers correspond with a reduction in plastic shrinkage. Furthermore, the bridging effect of basalt fibers in concrete helps to reduce concrete plastic shrinkage strain. Similarly, basalt fibers provide a bridging action that lessens drying shrinkage and helps to control volumetric changes (Ramachandran et al., 1981). Research has also looked into using different fibre types, such as polypropylene (PP), to mitigate drying shrinkage—for example, the study of the use of PP fibers to reduce drying shrinkage (Li et al., 2002). Several doses of PP fibers were used, including 0.45 kg/m3, 0.9 kg/m3, and 1.35 kg/m3, resulting in drying shrinkage reductions of more than 43.0%, 51.9%, and 68.3%, respectively.
4.8 Abrasion resistance
The Bohme test, as outlined in EN 1338, serves as a standardized method for assessing abrasion resistance (Classification et al., 2013). Research indicates that the abrasion resistance of concrete is influenced by the water-cement ratio when basalt fibers are added. Specifically, a water-cement ratio of 0.6 tends to decrease abrasion resistance, whereas a ratio of 0.45 enhances it. Additionally, regardless of the water-cement ratio, the dosage of basalt fibers plays a crucial role in improving abrasion resistance. Overall, basalt fibers exhibit superior performance in terms of abrasion resistance compared to steel and polypropylene (PP) fibers (Felekoglu et al., 2007; Sun and Xu, 2009; Ganesan et al., 2015; Kharun et al., 2020).
4.9 Mechanical properties
4.9.1 Compressive strength
Numerous studies have investigated the impact of basalt fiber on the compressive strength of concrete, revealing divergent findings regarding its effectiveness. While some research suggests that specific percentages of basalt fiber enhance compressive strength (Algin and Ozen, 2018; Hassani Niaki et al., 2018; Guo et al., 2019), others indicate a decrease (Kabay, 2014; Sadrmomtazi et al., 2018; Guo et al., 2019; Li, et al., 2020; Sarkar and Hajihosseini, 2020). For example, after basalt fibre reinforcement, a certain amount of basalt fibre can raise the compressive strength of the concrete (Du et al., 2020). The varying fiber lengths and percentages can positively influence compressive strength, as depicted in Figure 2, where compressive strength increased with the addition of 12 mm fibers at a 0.5% percentage (Algin and Ozen, 2018). According to their findings, the optimal percentage of basalt fiber is 0.1%.
[image: Figure 2]FIGURE 2 | Compressive strength results (based on data from Algin and Ozen, 2018).
Compressive strength was observed to increase at levels greater than 0.1% while decreasing at lower concentrations (Katkhuda and Shatarat, 2017). Compressive strength was observed to increase at levels greater than 0.1% while decreasing at lower concentrations (Ramachandran et al., 1981). The addition of basalt fiber to high-performance concrete (HPC) with 12 mm and 22 mm fibers was studied, and 0.2% was shown to be the ideal proportion for reaching maximum compressive strength (Li and Li, 2013).
The assessment of concrete’s compressive strength with the inclusion of both basalt fiber and modified basalt fiber in alkaline environments, as illustrated in Figure 3 (Li, et al., 2020). Notably, the addition of modified basalt fiber led to an increase in the compressive strength of concrete. The optimal percentage of modified basalt fiber was determined to be 0.1%, resulting in a compressive strength of 56.7 MPa.
[image: Figure 3]FIGURE 3 | Compressive strength results (based on data from Li et al., 2020).
When compared to PP fiber, basalt fiber possessed more of an effect on compressive strength (Jiang et al., 2014). While PP fiber enhanced the resistance to crack formation, the addition of PP fiber to concrete resulted in a decrease in compressive strength. Similarly, (Ramezanianpour et al., 2013) demonstrated a reduction in compressive strength upon the incorporation of PP fiber into concrete.
4.9.2 Splitting tensile strength
The splitting tensile strength, as per ASTM C 496 (ASTM C496/C496M-17, Standard Test Method for Splitting Tensile Strength of Cylindrical Concrete Specimens, 2017) standard, has been extensively investigated to assess the impact of fiber addition on concrete and cementitious composites. Numerous studies have indicated optimal percentages of basalt fiber that lead to enhanced tensile strength (Li et al., 2002; Al-Majidi, et al., 2017; Momoh and Osofero, 2021). Research findings suggest that the tensile strength can experience a notable increase with the addition of more than 1.5% of basalt fiber, by over 25% (Katkhuda and Shatarat, 2017). The incorporation of basalt fiber can bolster the tensile strength owing to its effect on the cementitious matrix (Ramachandran et al., 1981). Furthermore, the tensile strength tends to improve with the augmentation of both dosage and length of basalt fiber. Borhan (Borhan, 2012) noted that the addition of 0.3% basalt fiber yielded the most significant improvement in tensile strength, attributed to its bridging effect on the concrete.
Figure 4 shows the results of tests that included adding basalt fiber to SCC (Algin and Ozen, 2018). According to their results, the optimal percentage of basalt fiber was found to be between 0.5% and 0.30% and the optimal length was 12 mm and 24 mm.
[image: Figure 4]FIGURE 4 | Tensile strength results (based on data from Algin and Ozen, 2018).
In a separate investigation, the utilization of 2% basalt fiber was found to enhance the mechanical properties of concrete. According to the study (Hassani Niaki et al., 2018), the basalt fibre content of 2% in concrete produced the best tensile strength findings at 18.5 MPa. However, exceeding this threshold by adding more than 2% basalt fiber to the specimens led to a decline in the mechanical properties of the concrete. The test results are illustrated in Figure 5.
[image: Figure 5]FIGURE 5 | Tensile strength results (based on data from Hassani Niaki et al., 2018).
Furthermore, it has been observed that adding basalt fiber to concrete exposed to alkaline environments increases its tensile strength by more than 15%; in particular, tensile strength increased by 15% when 0.3% of 10 mm-long basalt fiber was added to the concrete (Li, et al., 2020).
4.9.3 Flexural strength
The flexural strength of concrete reinforced with basalt fibers was examined by (Katkhuda and Shatarat, 2017). In incorporated varying percentages of basalt fiber—0.1%, 0.5%, 1%, and 1.5%—and observed improvements in flexural strength of more than 8%, 34%, 39%, and 75%, respectively.
More dosages and longer lengths of basalt fiber are correlated with improved flexural strength, according to the findings of (Jiang et al., 2014). Similarly, (ACI 440.1R-15 Guide for Design and Construction of Structural Concrete Reinforced with Fiber-Reinforced Polymer FRP Bars, 2015), observed a 60% improvement in flexural strength with a dosage of 1.5% basalt fiber in the cementitious matrix. The dosages of 0.5% basalt fiber at lengths of 36 mm and 50 mm increased flexural strength by more than 22% and 26%, respectively (Jiang et al., 2014). The optimal length and percentage of basalt fiber to enhance flexural strength are 30 mm and 0.3%, respectively (Wang and Zhang, 2010). As to the review, increasing bending strength is the most efficient way to utilise basalt fibres. It is worth mentioning that the load bearing capacity of concrete beams in buildings can be enhanced by the incorporation of basalt fibres.
The length of basalt fiber does not significantly affect flexural strength, while optimal percentages are found at 0.3% and 0.5% additional basalt fiber as shown in Figure 6 (Algin and Ozen, 2018). Research also indicates improvements in flexural strength of more than 20% with the addition of 0.1% basalt fiber to concrete in alkali environments (Li, et al., 2020). The effect of basalt fiber can stabilize flexural strength in geopolymer concrete compared to cementitious concrete (Dias, and Thaumaturgo, 2007).
[image: Figure 6]FIGURE 6 | Flexural strength results (based on data from Algin and Ozen, 2018).
Figure 7 presents the effectiveness of various percentages and dosages of basalt fiber in improving the flexural strength of concrete. According to the findings, an optimal percentage of 0.6% basalt fiber is recommended (Guo et al., 2019).
[image: Figure 7]FIGURE 7 | Flexural strength results (based on data from Guo et al., 2019).
4.10 Summary of finding
According to Table 6, when basalt fibers are added to any type of concrete, the flexural and tensile strength increases, while the compressive strength decreases or at least increases. Table 6 shows that the optimal percentage of basalt fibers for adding concrete is 0.5% to improve bending and tensile strength and for compressive strength is between 0.05% and 0.15%. Another aspect of basalt fiber addition is the reduction of chloride ion resistance due to the formation of harmful pores (200 nm) from the basalt fibers.
TABLE 6 | Summary table of each studies and highlight the major findings and conclusions.
[image: Table 6]Figure 8 shows that when 0.1% basalt fibers are added to concrete, the compressive strength increases, but when 0.3% basalt fibers are added to concrete, the compressive strength decreases, Table 6 also proves these results. According to Table 6, the compressive strength increases with certain percentages of basalt fibers and decreases with the addition of basalt fibers. While the addition of more PP and steel fibers improved the compressive strength.
[image: Figure 8]FIGURE 8 | Comparing compressive strength of different studies.
Differnces between compressive strength and flexural strength when basalt fiber added to concrete is increasing flexural strength with adding basalt fiber, while when basalt fiber add to concrete the compressive strength decrease. When 1.5% of basalt fiber was added to concrete, the flexural strength increased by more than 41%; when 0.55 of basalt fiber was added to concrete, the flexural strength improved by more than 12%, as shown in Figure 9.
[image: Figure 9]FIGURE 9 | Comparing flexural strength of different studies.
Despite compressive and flexural strengths, tensile strength has a different situation, as shown in Figure 10. Adding 0.1%, 0.3%, and 0.6% of basalt fiber to concrete had maximum tensile strength (Algin and Ozen, 2018). Adding 0.3% and 0.5% of basalt fiber were optimal percentages for improvement of tensile strength (Guo et al., 2019).
[image: Figure 10]FIGURE 10 | Comparing tensile strength of different studies.
5 CONCLUSION
This article summarized the research results on the mechanical and chemical properties of basalt fibers in reinforced concrete led to the following key conclusions. Research on basalt fibres still needed to address a few issues that remain to be addressed. The following could be used to sum up the current issues and potential future paths for basalt fibre research:
• In civil engineering applications, basalt fibres present a competitive alternative to typical fibres due to their superior mechanical and chemical qualities and affordability. Basalt fibres improve the performance of concrete, according to testing studies, albeit the ideal dosage differs depending on the investigation.
• Basalt fibers exhibit a substantial chemical composition characterized by high levels of SiO2, Al2O3, and CaO. Furthermore, the basalt fibers have a mechanical properties, with tensile strength ranging from 2,600 to 4,840 MPa and elasticity modulus between 80 and 115 GPa. Increasing the dosage of basalt fibers in concrete leads to a reduction in efficiency and an increase in void content. The introduction of basalt fibers may also introduce air into the concrete, potentially diminishing its effectiveness.
• The mechanical properties of concrete are intricately linked to the dosage of basalt fibers, with optimal percentages ranging between 0.1% and 0.2% for compressive strength, 0.2% for splitting tensile strength, and 0.3%–0.5% for flexural strength. Concrete water absorption exhibits marginal increases with the addition of 0.14% basalt fibers, while the incorporation of 0.45% PP fibers results in a significant reduction in water absorption. Basalt fiber concrete demonstrates exceptional temperature resistance, exceeding 800°C. Results from rapid chloride penetration tests (RCPT) indicate that the addition of 0.5% basalt fibers can reduce charge transmission from 2500 C to 1900°C, thereby enhancing the impermeability of concrete. The present work demonstrates that the addition of basalt fibres into concrete enhances its chemical and mechanical properties, suggesting that such concrete could potentially find application in specially designed protected buildings and structures.
• Basalt fibers confer improvements in the mechanical properties of concrete, particularly in alkaline environments, demonstrating resistance to alkali exposure. In conclusion, the findings of this study underscore the significant potential of basalt fibers in enhancing the performance and durability of concrete structures. However, further research is warranted to address remaining knowledge gaps and optimize the utilization of basalt fibers in concrete applications. Future investigations should focus on elucidating the mechanisms underlying the observed effects and exploring innovative approaches to harness the full potential of basalt fibers in civil engineering. The research on basalt fibres is currently restricted to laboratory analysis. In order to bring together the laboratory study and apply it to real-world engineering, more investigation and development are therefore required.
• The addition of basalt fibres to any kind of concrete results in an increase in its flexural, compressive, and tensile strengths, according to a summary of each study that highlights the key findings. This article analysed the effects of basalt fibres on the flexural, compressive, and tensile strengths of several types of concrete and summarised research findings related to this topic. Research on basalt fibres still needed to address a few issues that remained to be resolved.
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