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Abstract: 

This literature review synthesizes existing research on the durability of basalt fiber concrete, examining its 

performance under various environmental stressors and exploring the underlying mechanisms governing its 

longevity. Basalt fiber in structural concrete offers a compelling alternative to traditional materials across 

various applications, delivering exceptional performance at a competitive cost. They strike a balance between 

mechanical and physical properties, while also exhibiting significant chemical resistance to corrosive substances 

and fluids typically found in harsh environments. The effects of basalt fiber and dosage are discussed in detail in 

term of chemical, mechanical and durability properties of basalt fiber, followed by highlighting some areas for 

future research. As a reinforcing material, basalt fibers are gaining attention and emerging as a viable alternative 

to traditional fibers like glass and carbon. It would be concluded that basalt fiber can potentially replace the 

other conventional fibers in structural concrete which are being used in the industry. 
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1. Introduction: 

Basalt fibers are manufactured by melting basalt rocks, which are naturally occurring igneous rocks, and then 

converting the molten material into fibers. The production process leverages natural energy sources to minimize 

environmental impact. Three types of basalt fibers are produced and utilized: (a) Basalt Continuous Fibers: used 

for reinforcing materials, composite products, fabrics, and non-woven materials. (b) Basalt Staple Fibers: used 

for thermal insulation materials. (c) Basalt Superthin Fibers: used for high-quality heat and sound insulation, as 

well as fireproof materials. Basalt fiber is a high-tech, eco-friendly material that offers numerous benefits 

without environmental pollution. Its applications span military and civilian fields, holding significant theoretical 

and strategic importance. As a natural, 100% basalt-based material, basalt fiber offers several eco-friendly 

benefits: Non-toxic and hazardous substance-free, Recyclable, Carbon-neutral production process, furnace-

friendly during incineration. Overall, basalt fiber is an environmentally responsible material ideal for sustainable 

construction and insulation applications. The production of basalt fibers has a long history, dating back to 1923 

when Paul Dhe was awarded U.S. patent 1,462,446 in the United States. In 1995, the use of basalt fibers 

expanded into a wider range of civilian applications [1]. Basalt fibers have emerged as a promising material for 

the fiber-reinforced polymer composite industry due to their exceptional properties [2]. Derived from basalt, the 

most abundant rock in the Earth's crust and a primary component of the ocean floor [3], these fibers have 

diameters ranging from 9 to 13 μm. Their chemical composition varies depending on the specific basaltic rock 

and manufacturing process used [4]. The chemical composition of basalt fibers, primarily consisting of silicon, 

aluminum, calcium, magnesium, iron, and other elemental oxides, is influenced by the producer and the 

proportions of different basaltic rocks used. These unique fibers have found widespread applications in various 

industries, including the production of high-performance concrete aggregates, rock wool, and chemical-resistant 

artifacts [5]. Basalt fiber is a preferred reinforcement in fiber-reinforced polymers due to its exceptional 

properties, derived from a unique raw material fusion process. These advantages make basalt fiber-reinforced 

polymers an attractive alternative to glass fiber-reinforced polymers and carbon fiber-reinforced polymers 

offering comparable stiffness and expense, along with enhanced corrosion and fire resistance [6-11]. The 

advantages of fiber-reinforced polymers for civil engineering applications such as structural forms, bridge 

decks, internal reinforcements, and externally bonded reinforcements [12]. The incorporation of fibers has led to 

https://www.sciencedirect.com/topics/engineering/engineering-application
https://www.sciencedirect.com/topics/engineering/bridge-decks
https://www.sciencedirect.com/topics/engineering/bridge-decks
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the development of various advanced cementitious materials, including fiber-reinforced concrete, engineering 

cementitious composites, strain-hardening cement-based composites, high-performance fiber-reinforced 

cementitious composites, and ultra-high toughness cementations composites [13-14]. However, steel fibers can 

compromise the durability of concrete due to their susceptibility to corrosion [15], and increase the self-weight 

of concrete elements. Alternative fiber options have their own limitations. This reviews aims to integrate 

existing research on the processing parameters of basalt fiber-reinforced concrete, comparing various 

approaches to identify optimal parameters that achieve outstanding durability performance and practical 

applications. Additionally, it explores the use of fiber-reinforced polymers in civil infrastructure. The study's 

ultimate goal is to identify knowledge gaps and inform future research directions, advancing the development of 

innovative and sustainable construction materials.  

2. Application of Basalt Fiber in Civil Structures:  

Basalt fibers are increasingly used in construction, particularly in civil structures, due to their exceptional 

properties: (i) Low heat transfer rate, making them fire-resistant (ii) High tensile strength and low thermal 

conductivity, ideal for bridges and railway sleepers (iii) Non-corrosive, high specific strength, hardness, and low 

weight, suitable for tunnel construction, especially near water (iv) The use of basalt fiber-reinforced concrete in 

road construction enhances safety and ride quality.  

3. Properties of Basalt fiber: 

Basalt fiber is one of the earth's strongest natural fibers, boasting all the properties. Its unique combination of 

rigidity, lightness, and high strength-to-weight ratio makes it an ideal material for various applications, with the 

added benefit of being biodegradable as shown in Fig.1. 

 

Figure 1: Chopped basalt fiber 12 mm and 24 mm 

3.1. Mechanical Properties of Basalt fiber: 

The mechanical properties of the basalt fiber reported in different studies along with expected ranges are 

summarized in Table 1 [16-20]. The modulus of elasticity ranges from 88 to 115 GPa, while tensile strength 

varies from 2630 to 4500 MPa. These property variations can be attributed to factors such as manufacturing 

process, chemical composition, and compatibility with the basalt matrix [21-22].  

Table 1: Mechanical Properties of Basalt Fiber 

Ref. Density 

(g/cm3) 

Tensile Strength 

(MPa) 

Modulus of 

Elasticity 

(GPa) 

Elongation at 

break (%) 

Diameter 

(μm) 

Nassani [16] 2.8 4100-4800 89 3.15 13-20 

Kizilkanat et.al. [17] 2.8 4100-4800 89 3.15 13-20 
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Hu et.al. [18] 2.65 2630 88.9 2.99 16 

Ayub et.al.  [19] -- 4100-4840 93.1-110 3.10 18 

Zhou  et.al. [20] 2.65 3500-4500 95-115 2.4-3.0 15 

Jiang et.al.[26] 2.65 4100-4800 93-110 3.1-3.2 20 

3.2. Chemical Properties of Basalt fiber: 

The chemical composition of basalt fibers significantly influences their mechanical properties shown in Table 2. 

Research shows that higher percentages of SiO2, MgO, and Al2O3 compounds correlate with increased tensile 

strength and modulus of elasticity [21]. Specifically, studies found that: Tensile strength increases with SiO2 

content between 49% and 57% [22]. Higher SiO2 and Al2O3 content improve thermal properties [23]. The 

presence of approximately 12% iron oxide gives basalt fiber its characteristic brown color. These findings 

highlight the importance of chemical composition in determining the properties of basalt fibers. 

Table 2: Chemical Properties of Basalt Fiber: 

Ref. SiO2 

(%) 

Al2O3 

(%) 

CaO 

(%) 

MgO 

(%) 

Fe2O+Fe

O 

(%) 

Na2O+K2

O 

(%) 

TiO2 

(%) 

R2O 

(%) 

Li2O 

(%) 

Ayub et.al.  

[19] 
51.6-89.3 14.6-18.3 5.9-9.4 3-5.3 9-14 08-2.25 

0.8-

2.25 
-- -- 

Ding 

et.al.[21] 
53.83 15.31 6.62 4.73 8.12 3.60 0.91 -- -- 

Jamshaid, and  

Mishra [24] 
52.8 17.5 8.59 4.96 10.3 4.8 1.38 -- -- 

Afroz [25] 48-60 17.5 5-9 3-6 9.-14 3-6 0.6-2.5 4-5 0.1-0.3 

 

4. Durability Properties of Basalt Fiber Concrete: 

In this section various properties of basalt fiber concrete are reviewed from literature. 

4.1 Pore Size Distribution and Porosity: 

According to Wu and Lian [27], pores in cement-based materials can be categorized into four types based on 

their size: (0–20 nm) harmless, (20–100 nm) minor harmful, (100–200 nm) harmful, and (>200 nm) very 

harmful. The test results [26] showed significant changes in pore size distribution for concrete reinforced with 

22 mm long basalt fibers at 0.3 vol% dosage, compared to plain concrete, after 28 days of curing: Harmless 

pores increased by 7%, Minor harmful pores decreased by 10%, Harmful pores increased by 1%, Very harmful 

pores increased by 3%. Overall, the total volume of pores in basalt fibers concrete increased by 11.8%, and total 

porosity rose by 7.9% compared to plain concrete, finally this study indicates that the paste containing basalt 

fiber presents a higher porosity. Research by Guo et al. [28] revealed that increasing the basalt fiber dosage 

leads to higher porosity, specifically: A 0.3 vol% basalt fiber dose resulted in a 12% increase in porosity 

compared to control specimens. Doubling the dose to 0.6 vol% led to a significant 39.1% increase in porosity. 

Bright Singh and Madasamy [29] incorporated basalt fibers into pervious concrete and observed a marginal 

decrease in porosity. This contrasts with the increase in porosity seen when basalt fiber is added to normal 

concrete. The decrease in porosity in pervious concrete, which inherently has a porosity of 15-25%, may be 

attributed to the fibers clogging some pores. 

4.2 Water Absorption, Penetration and Chloride Diffusion: 
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A linear correlation between basalt fiber dosage and water absorption in basalt fiber reinforced concrete. 

Specifically, water absorption increased by approximately 13% at a 0.1 vol% basalt fiber content and by 33% at 

a 0.5 vol% basalt fiber content [30]. Incorporating basalt fibers reduced chloride permeability, although no 

distinct correlation was observed between chloride permeability and fiber length or dosage. Although basalt 

fiber-reinforced concrete showed reduced chloride permeability, it exhibited the highest water penetration depth 

among the studied specimens. Given the conflicting findings on chloride ingress in basalt fiber reinforced 

concrete, further research is necessary to fully understand these properties [31]. The water absorption test is a 

key indicator of concrete durability, measuring its resistance to water penetration. Incorporating of basalt fibers 

at dosages of 0.07 and 0.14 vol. % resulted in modest increases in water absorption, by 3% and 4%, respectively 

[32]. Chloride ion permeability measures the susceptibility of concrete to chloride ion infiltration from the 

surrounding environment, posing a corrosion risk to steel reinforcement. Chloride ions can penetrate concrete 

through various mechanisms, including water diffusion, capillary absorption, and impregnation [33]. The 

incorporation of basalt fibers into concrete increases the charge passing through the concrete, compared to plain 

concrete [34]. The increased charge passing through the concrete can be attributed to the higher porosity and 

water absorption, as previously discussed. Greater porosity facilitates more water ingress, leading to higher 

charge passing. Nevertheless, despite this increase, these mixtures still meet the ASTM standard criteria for low 

chloride permeability [35]. The chloride diffusion coefficient represents the rate at which chloride ions are 

transferred across a unit area. As a crucial parameter in concrete, it helps predict the service life of structures by 

assessing the primary cause of steel reinforcement corrosion: chloride ion ingress [34]. 

4.3. Temperature effect and Plastic shrinkage: 

Research has demonstrated the potential of basalt fiber-reinforced concrete to withstand high temperatures, with 

studies showing its suitability for use within a temperature range of 200°C to 800°C [36]. The investigation 

concluded that the effects of basalt fibers on hybrid fiber-reinforced concrete exposed to 850°C. The results 

showed that increasing basalt fibers length and content led to higher mass loss and strength reduction, likely due 

to increased porosity. Nonetheless, fiber-reinforced specimens outperformed control specimens in compressive 

strength, strain, and toughness [37]. The experimental study showed that the impact of elevated temperatures 

(300°C and 600°C) on concrete specimens containing 0.5% basalt fibers and compared them to fiber-free 

controls. Notably, the basalt fiber reinforced concrete specimens exhibited numerous small cracks, whereas the 

control specimens displayed wider cracks. Moreover, no spalling was observed in the fiber-reinforced 

specimens, attributed to the bridging action of the fibers, which prevented concrete spalling under high-

temperature exposure. The authors further reported that incorporating basalt fibers resulted in higher residual 

mechanical properties (compressive, splitting tensile and flexural strengths) in concrete after exposure to 

elevated temperatures [38]. Plastic shrinkage occurs in freshly placed concrete, characterized by volumetric 

contraction due to water evaporation from the surface before hardening. Additionally, autogenously shrinkage 

resulting from cement hydration reduces internal moisture, potentially leading to plastic shrinkage cracking if 

evaporation exceeds bleeding water rising to the surface. When restrained, shrinkage induces tensile stresses, 

and if these stresses surpass the concrete's tensile strength, cracking occurs. The incorporation of basalt fibers 

into concrete effectively reduced the strain caused by shrinkage in fresh concrete [39-41].  

4.4.  Freeze-Thaw Resistance of Basalt Fibers Concrete: 

The freeze-thaw resistance of concrete is crucial in cold climates. Studies [42-43] have consistently shown that 

adding basalt fibers to concrete significantly enhances its durability in freeze-thaw cycles. This improvement is 

attributed to the fibers' ability to bridge cracks, restrain crack propagation, and minimize water ingress, thereby 

reducing damage from ice expansion. However, the magnitude of this improvement depends on various factors, 

including: Fiber content and length, Severity of freeze-thaw cycles, Incorporation of supplementary 

cementations materials like fly ash etc. Optimizing fiber content and mix design requires careful consideration 

of these interacting factors to maximize freeze-thaw resistance. 

4.5. Sulfate Attack Resistance: 
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Sulfate attack can significantly deteriorate concrete structures exposed to sulfate-rich environments. Research on 

the sulfate resistance of basalt fiber-reinforced concrete is limited, but available studies suggest that basalt fibers 

may enhance sulfate resistance. The mechanisms behind this improvement are not fully understood, but are 

likely related to: reduced porosity and improved crack control. A denser concrete matrix with fewer pores 

reduces the surface area for sulfate ion attack, delaying degradation. Basalt fibers also bridge and restrain 

cracks, limiting sulfate ion penetration and chemical reaction [44-45]. 

4.6. Resistance of Alkali-Aggregate Reaction:  

The alkali-aggregate reaction can cause significant expansion and cracking in concrete, particularly with 

reactive aggregates and high-alkali cement. Despite extensive research on basalt fiber concrete mechanical and 

durability properties, its resistance to alkali-aggregate reaction remains understudied [46-47]. 

4.7. Other Durability Aspects:  

Several additional durability characteristics of basalt fiber-reinforced concrete require further investigation, 

including: 

4.7.1. Carbonation Resistance:  

Carbonation, a reaction between carbon dioxide and calcium hydroxide in the cement matrix, can lower concrete 

pH and potentially corrode reinforcing steel. Research on basalt fibers' impact on carbonation is scarce. [48] 

Further investigation is necessary to determine how basalt fiber content and mix design affect carbonation depth 

and rate. 

4.7.2. Abrasion Resistance:  

Concrete surfaces like pavements and floors require high abrasion resistance to withstand wear. Basalt fibers, 

due to their high tensile strength and stiffness, show promise in enhancing concrete's abrasion resistance [49-

50]. Further research is necessary to quantify this benefit and optimize mix designs for optimal abrasion 

resistance. 

4.7.3. Long-Term Performance:  

Extensive research is needed to assess the long-term durability and service life of basalt fiber-reinforced 

concrete under various environmental conditions. Long-term exposure studies that simulate real-world service 

conditions are crucial for evaluating BFRC's performance over time and accurately predicting its service life. 

These studies should track changes in material properties over extended periods, considering the combined 

effects of multiple environmental factors [51-52].The precise balance of basalt fiber is crucial for producing 

robust, crack-resistant concrete. This is particularly vital for large-scale infrastructure projects, such as dams and 

bridges, as well as for precast concrete components [53]. Basalt fibers exhibit exceptional thermal resilience, 

maintaining integrity up to 1,000°C without substantial deterioration. Additionally, their inherent chemical and 

environmental resistance properties contribute to their enhanced durability and longevity [54]. The construction 

industry is grappling with substantial environmental challenges [55], but the emergence of basalt concrete 

presents a promising solution. To fully harness their potential, further research is necessary to optimize the 

integration of basalt fiber in structural concrete production. Additionally, a deeper understanding of their 

properties and behavior is crucial to unlock the benefits of basalt fiber concrete and mitigate the industry's 

environmental footprint. 

5. Conclusions and Future Research: 

1. This study suggests that basalt fibers are preferred in structural concrete because of heavy-duty, 

lightweight applications in the civil industry.  

2. Basalt rock serves as a viable alternative raw material for fiber production, owing to its favorable 

chemical composition, widespread availability, low impurity levels, and excellent fiber-forming capabilities in 

its molten state. 
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3. The environmentally friendly and non-hazardous nature of basalt fibers, combined with their excellent 

mechanical, chemical, and thermal properties, make them an innovative material for various applications, 

including construction, energy efficiency, automotive, aeronautics, and industrial sectors.  

4. A comprehensive cost-benefit analysis comparing the economic viability of basalt fiber-reinforced 

concrete with traditional concrete and other fiber-reinforced concretes is crucial for promoting its adoption in 

construction projects.  

5. Further research is needed to understand basalt fibers concrete long-term durability and develop 

predictive models. Addressing knowledge gaps will optimize basalt fibers concrete design and promote 

sustainable infrastructure development, driving innovation in eco-friendly construction materials. 
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