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ABSTRACT: Concrete, one of the most widely used construction materials, typically exhibits excellent compressive 

strength but relatively poor flexural strength. This limitation can be addressed through the incorporation of fibers. 

Alkali-resistant (AR) glass fibers are particularly beneficial, as they enhance flexural strength and durability. This paper 

explores the impact of AR glass fibers on the flexural strength of concrete. By examining various fiber contents and 

conducting a series of tests, the research aims to identify optimal fiber proportions and understand the underlying 

mechanisms that contribute to the observed improvements in performance. 

 

I. INTRODUCTION 

 

Concrete is a versatile construction material, renowned for its compressive strength and durability. However, its tensile 

and flexural strengths are considerably lower, often leading to cracking under load. This inherent weakness necessitates 

reinforcement to improve its performance under flexural stress. The use of fibers, particularly alkali-resistant (AR) 

glass fibers, has emerged as a viable solution to this problem. 

 

AR glass fibers offer significant advantages over traditional reinforcement methods. They enhance the flexural strength 

of concrete by bridging cracks and distributing stress more evenly. This paper aims to investigate the impact of AR 

glass fibers on the flexural strength of concrete, providing insights into the optimal fiber content and the mechanisms 

by which these fibers improve performance. 
 

II. LITERATURE REVIEW 

 

The incorporation of fibers into concrete has been extensively studied, with various types of fibers, such as steel, 

polypropylene, and glass, being used to enhance its properties. Among these, glass fibers have garnered significant 

attention due to their high tensile strength, low density, and resistance to corrosion. 

 

Historical Development: The use of glass fibers in concrete dates back to the 1960s. However, early applications were 

limited due to the susceptibility of glass fibers to alkali attack from the cement matrix. The development of alkali-

resistant glass fibers, achieved through the addition of zirconia, marked a significant advancement, enabling their 

broader use in construction. 
 

Flexural Strength Improvements: Studies have shown that the addition of AR glass fibers significantly improves the 

flexural strength of concrete. For instance, Banthia and Gupta (2006) demonstrated that the inclusion of glass fibers 

enhanced the flexural strength of high-strength concrete by up to 30%. Similarly, Mehta and Monteiro (2014) reported 

improvements in crack resistance and post-cracking behavior in fiber-reinforced concrete. 

 

Mechanisms of Improvement: The improvement in flexural strength is primarily attributed to the ability of glass 

fibers to bridge cracks and redistribute stress. When concrete cracks, the fibers hold the matrix together, preventing 

further crack propagation and improving load-bearing capacity. Additionally, the high tensile strength and stiffness of 

glass fibers contribute to the overall reinforcement of the concrete matrix. 
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III. MATERIALS AND METHODS 

 

Materials 

1. Cement: Ordinary Portland Cement (OPC) was used as the primary binder. 

2. Aggregates: Fine and coarse aggregates were selected based on their grading and quality to ensure optimal 

performance. 

3. Water: Clean, potable water was used for mixing and curing the concrete specimens. 

4. Alkali-Resistant Glass Fibers: AR glass fibers with a length of 12 mm and a diameter of 14 microns were used. 

The fibers contained approximately 16-19% zirconia to ensure resistance to alkali attack. 
5. Admixtures: A superplasticizer was used to enhance the workability of the concrete mixes. 

 

Mix Proportions 

The mix design was based on achieving a target compressive strength of 40 MPa. The mix proportions were adjusted to 

incorporate varying amounts of AR glass fibers, ranging from 0.5% to 2.5% by volume of concrete. Table 1 

summarizes the mix proportions used in the study. 

 

Table 1 Mix Proportions 

 

Mix 

ID 

Cement 

(kg/m³) 

Fine Aggregate 

(kg/m³) 

Coarse 

Aggregate 

(kg/m³) 

Water 

(kg/m³) 

AR Glass 

Fibers (% by 

volume) 

Superplasticizer (% by 

weight of cement) 

M1 400 600 1200 160 0.5 1.0 

M2 400 600 1200 160 1.0 1.0 

M3 400 600 1200 160 1.5 1.0 

M4 400 600 1200 160 2.0 1.0 

M5 400 600 1200 160 2.5 1.0 

 

Specimen Preparation 

Concrete specimens were prepared for each mix design. The specimens included prismatic samples (100 mm x 100 mm 

x 400 mm) for flexural strength testing. The concrete was mixed using a mechanical mixer, and the specimens were 

cast in steel moulds. After casting, the specimens were covered with plastic sheets and allowed to cure for 24 hours 

before being demolded and transferred to a curing tank. The specimens were cured in water at 20°C for 28 days before 

testing. 

 

Testing Procedures 

The flexural strength of the concrete specimens was determined using a three-point bending test in accordance with 

ASTM C78/C78M. The specimens were placed on two support rollers spaced 300 mm apart, and a load was applied at 

the mid-span using a universal testing machine. The load was increased at a constant rate until failure, and the 

maximum load was recorded. The flexural strength was calculated using the following formula: 

Flexural Strength(fr) = PL/bd2 

where P is the maximum load, L is the span length, b is the width, and d is the depth of the specimen. 

 

IV. RESULTS AND DISCUSSION 

 
The results of the flexural strength tests are presented in this section. The impact of AR glass fibers on the flexural 

strength of concrete is analyzed, and the optimal fiber content is identified. 

 

Flexural Strength Results 

The flexural strength of concrete specimens with varying amounts of AR glass fibers is summarized in Figure 1. 
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Figure 1: Flexural Strength of Concrete with Different AR Glass Fiber Contents 

 

The results show a significant improvement in the flexural strength of concrete with the addition of AR glass fibers. 

The flexural strength increased with increasing fiber content, reaching a maximum at 2.0% fiber content. Beyond this 

point, the flexural strength started to decrease slightly. 

 

The maximum flexural strength observed at 2.0% fiber content was 12.5 MPa, representing a 50% increase compared 

to the control mix without fibers. This improvement is attributed to the ability of AR glass fibers to bridge cracks and 

redistribute stress, preventing crack propagation and enhancing the load-bearing capacity of the concrete. 

 

Analysis of Results 

The improvement in flexural strength with the addition of AR glass fibers can be explained by several mechanisms: 

1. Crack Bridging: The primary mechanism by which AR glass fibers improve flexural strength is through crack 

bridging. When concrete cracks under load, the fibers hold the cracked sections together, preventing further crack 

propagation and enhancing the material's ability to resist flexural stress. 

2. Stress Redistribution: The presence of AR glass fibers helps in redistributing stress more evenly throughout the 

concrete matrix. This reduces the concentration of stress at any single point, decreasing the likelihood of crack 

initiation and growth. 

3. Tensile Strength of Fibers: AR glass fibers have high tensile strength and stiffness, which contribute to the 

overall reinforcement of the concrete matrix. The fibers provide additional resistance to tensile and flexural 

stresses, enhancing the mechanical properties of the concrete. 

 

Optimal Fiber Content 

The results indicate that the optimal fiber content for maximizing the flexural strength of concrete is 2.0% by volume. 

This fiber content provides the best balance between improved mechanical properties and workability. At higher fiber 

contents, the flexural strength started to decrease slightly, likely due to issues related to workability and fiber 

dispersion. 

 

Applications of AR Glass Fiber Reinforced Concrete 

The enhanced flexural strength and durability of AR glass fiber reinforced concrete make it suitable for a wide range of 

construction applications. Some of the potential applications are discussed below. 
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Structural Elements 

The improved flexural strength of AR glass fiber reinforced concrete makes it ideal for use in structural elements such 

as beams, slabs, and walls. The material's ability to resist cracking and flexural stress enhances the durability and load-

carrying capacity of these elements. 

 

Pavements and Bridge Decks 

AR glass fiber reinforced concrete's enhanced crack resistance and durability make it suitable for use in pavements and 

bridge decks. The material can withstand heavy traffic loads and harsh environmental conditions, leading to longer 

service life and reduced maintenance costs. 

 

Industrial Flooring 

The high abrasion resistance and durability of AR glass fiber reinforced concrete make it an excellent choice for 

industrial flooring applications. The material can withstand heavy machinery loads, chemical spills, and other harsh 

conditions commonly encountered in industrial settings. 

 

Marine Structures 

The reduced permeability and enhanced durability of AR glass fiber reinforced concrete make it suitable for marine 

structures such as piers, seawalls, and offshore platforms. The material's resistance to chloride penetration and chemical 

attack helps in prolonging the lifespan of these structures. 

 

Challenges and Future Directions 

While AR glass fiber reinforced concrete offers numerous benefits, there are challenges associated with its use. These 

challenges include: 

1. Cost: The addition of AR glass fibers increases the cost of concrete production. Finding cost-effective solutions 

without compromising performance is essential. 

2. Workability: High fiber content can affect the workability of concrete. Ensuring proper mixing and placement 

techniques is crucial to maintain the desired workability. 

3. Compatibility: Ensuring compatibility between AR glass fibers and other concrete components is essential to 

prevent any adverse reactions that may affect the material's performance. 

 

Future research should focus on addressing these challenges and exploring new avenues for enhancing the performance 

of AR glass fiber reinforced concrete. Some potential areas for future research include: 
1. Advanced Fiber Technologies: Developing advanced AR glass fibers with improved mechanical properties and 

chemical resistance can further enhance the performance of concrete. 

2. Hybrid Composites: Combining AR glass fibers with other types of fibers, such as carbon or polypropylene, can 

create hybrid composites with synergistic properties. These composites can offer superior performance in specific 

applications. 

3. Sustainability: Efforts to make AR glass fiber reinforced concrete more sustainable include using recycled glass 

fibers and incorporating supplementary cementitious materials. These approaches can reduce the environmental 

impact of concrete production. 

 

V. CONCLUSION 

 
The incorporation of alkali-resistant (AR) glass fibers significantly enhances the flexural strength of concrete. The 

experimental study demonstrated that the addition of AR glass fibers improves the crack resistance and load-bearing 

capacity of concrete. The optimal fiber content for maximizing flexural strength was found to be 2.0% by volume. 

The enhanced flexural strength and durability of AR glass fiber reinforced concrete make it suitable for various 

construction applications, including structural elements, pavements, industrial flooring, and marine structures. 

However, challenges such as cost, workability, and compatibility need to be addressed to fully realize the potential of 

this material. 

 

Future research should focus on advancing fiber technologies, developing hybrid composites, and enhancing the 

sustainability of AR glass fiber reinforced concrete. With continued innovation and optimization, AR glass fiber 

reinforced concrete can play a significant role in creating more durable and resilient infrastructure. 
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