
International Journal Of Multidisciplinary Research In Science, Engineering and Technology (IJMRSET) 

                           | ISSN: 2582-7219 | www.ijmrset.com| Impact Factor: 1.52 | Monthly, Peer Reviewed & Referred Journal |  

            | Volume 1, Issue 2, December 2018 | 

              | DOI:10.15680/IJMRSET.2018.0102032 | 

IJMRSET © 2018                                                                           www.ijmrset.com                                                                      386 

 

 

 

Enhanced Durability of Glass Reinforced Fibre 

Concrete in Harsh Environmental Conditions 
 

Prof. Manish Tiwari
1
, Prof. Vaibhav Hoonka

1
, Prof. Arun Kumar Khare

1
, Preeti Tiwari

1
, 

Pankaj Gupta
1
 

Department of Civil Engineering, Global Nature Care Sangathan’s Group of Institutions, Jabalpur, MP, India1 

 

ABSTRACT: Glass Reinforced Fibre Concrete (GRFC) has emerged as a significant material in construction due to its 

superior mechanical properties and potential durability. This research paper explores the enhanced durability of GRFC 

when subjected to harsh environmental conditions. The investigation delves into the intrinsic properties of GRFC, the 

effects of various environmental stressors, and the comparative performance of GRFC against traditional concrete. 

Through extensive literature review and analysis, this paper aims to highlight the benefits of GRFC, potential 

challenges, and the implications for future construction practices. 

 

I. INTRODUCTION 

 

Concrete is one of the most widely used construction materials globally, known for its versatility, strength, and 

relatively low cost. However, traditional concrete is susceptible to degradation when exposed to harsh environmental 

conditions, leading to a reduction in its structural integrity and lifespan. To mitigate these issues, the incorporation of 

glass fibres into concrete has been explored, resulting in Glass Reinforced Fibre Concrete (GRFC). This composite 

material promises enhanced durability, improved mechanical properties, and greater resistance to environmental 

stressors. This paper investigates the performance of GRFC in adverse conditions, including chemical exposure, 

extreme temperatures, and physical wear. 

 

Properties of Glass Reinforced Fibre Concrete 

GRFC is composed of traditional concrete ingredients (cement, water, and aggregates) with the addition of glass fibres. 

These fibres are typically made from alkali-resistant glass, ensuring compatibility and durability within the concrete 

matrix. 

 

Mechanical Properties 

1. Tensile Strength: Glass fibres significantly improve the tensile strength of concrete. This enhancement is due to 

the fibres' ability to bridge cracks and distribute loads more evenly. 

2. Compressive Strength: While the primary improvement in GRFC is observed in tensile strength, compressive 

strength also benefits from the added fibres. The fibres contribute to a more uniform stress distribution within the 

concrete. 

3. Flexural Strength: The flexural strength of GRFC is notably higher than that of traditional concrete. This property 
is critical in applications where bending stresses are prevalent. 

 

Durability Properties 

1. Crack Resistance: The presence of glass fibres helps in mitigating crack formation and propagation. This property 

is particularly beneficial in environments subject to freeze-thaw cycles and other stress-inducing conditions. 

2. Water Permeability: GRFC exhibits lower water permeability compared to traditional concrete. Reduced 

permeability enhances the material's resistance to water ingress, which is crucial in preventing deterioration from 

freeze-thaw cycles and chemical attacks. 

3. Chemical Resistance: The alkali-resistant nature of the glass fibres contributes to the improved chemical 

resistance of GRFC. This property is vital in environments where concrete is exposed to aggressive chemicals. 
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II. ENVIRONMENTAL STRESSORS AND THEIR EFFECTS 

 

Chemical Exposure 

Chemical exposure, such as contact with sulphates, chlorides, and acids, can lead to significant degradation of concrete. 

Traditional concrete is prone to chemical attack, resulting in loss of mass, strength, and structural integrity. 

1. Sulphate Attack: Sulphates react with the hydrated cement paste, leading to the formation of expansive products 

that cause cracking and spalling. GRFC, with its enhanced crack resistance and lower permeability, shows superior 

performance in resisting sulphate attack. 

2. Chloride Penetration: Chlorides, particularly in marine environments, can penetrate concrete and initiate 

corrosion of the reinforcing steel. GRFC's reduced permeability and crack resistance help in mitigating chloride 
ingress, thus enhancing the durability of reinforced structures. 

3. Acid Attack: Acids can severely degrade concrete by dissolving the calcium compounds in the cement matrix. The 

improved chemical resistance of GRFC offers better performance against acid attack, though it is still susceptible 

to severe acid environments. 

 

Thermal Variations 

Concrete structures often face thermal variations, ranging from extreme heat to freezing temperatures. These variations 

induce thermal stresses and can lead to cracking and spalling. 

1. High Temperatures: At elevated temperatures, traditional concrete may experience a reduction in strength and 

spalling. GRFC, due to the presence of glass fibres, maintains better structural integrity under high-temperature 

conditions. 

2. Freeze-Thaw Cycles: Freeze-thaw cycles cause expansion and contraction of water within the concrete pores, 
leading to cracking and deterioration. GRFC's lower water permeability and enhanced crack resistance provide 

better durability under such conditions. 

 

Physical Wear 

Physical wear, including abrasion and impact, can significantly reduce the lifespan of concrete structures. The 

incorporation of glass fibres improves the wear resistance of concrete. 

1. Abrasion Resistance: GRFC exhibits higher abrasion resistance compared to traditional concrete, making it 

suitable for applications where surface wear is a concern. 

2. Impact Resistance: The toughness imparted by glass fibres enhances the impact resistance of GRFC, reducing the 

risk of damage from sudden loads or impacts. 

 

III. COMPARATIVE PERFORMANCE OF GRFC AND TRADITIONAL CONCRETE 

 

Laboratory Studies 

Numerous laboratory studies have been conducted to compare the performance of GRFC and traditional concrete under 

various conditions. 

1. Mechanical Testing: Tests on tensile, compressive, and flexural strengths consistently show superior performance 

of GRFC. The fibres help in load distribution and crack bridging, leading to enhanced mechanical properties. 

2. Durability Testing: Durability tests, including water permeability, freeze-thaw resistance, and chemical exposure, 

demonstrate the improved performance of GRFC. The reduced permeability and enhanced crack resistance are key 

factors contributing to this improvement. 

 

Field Studies 
Field studies provide practical insights into the performance of GRFC in real-world conditions. 

1. Marine Structures: GRFC has been used in marine environments where chloride exposure is a significant 

concern. The material's reduced permeability and enhanced crack resistance help in prolonging the lifespan of 

marine structures. 

2. Industrial Flooring: In industrial settings, where abrasion and chemical exposure are common, GRFC has shown 

better performance than traditional concrete. The enhanced abrasion resistance and chemical durability contribute 

to longer-lasting flooring solutions. 
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3. Bridges and Highways: GRFC's improved mechanical properties and durability make it suitable for use in bridges 

and highways, where structures are exposed to heavy loads and harsh environmental conditions. 

 

IV. CHALLENGES AND LIMITATIONS 

 

While GRFC offers numerous benefits, there are challenges and limitations associated with its use. 

1. Cost: The addition of glass fibres increases the cost of concrete production. This cost factor needs to be balanced 

against the long-term durability benefits. 

2. Mix Design: Achieving the optimal mix design for GRFC can be challenging. The proportion of glass fibres, their 

distribution, and the compatibility with other concrete ingredients are critical factors. 
3. Workability: The presence of fibres can affect the workability of concrete. Proper handling and placement 

techniques are necessary to ensure uniform distribution of fibres and prevent issues like balling. 

4. Long-Term Performance: While short-term studies indicate enhanced durability, long-term performance data for 

GRFC is still limited. Continued research and field monitoring are necessary to validate its long-term benefits. 

 

V. FUTURE DIRECTIONS 

 

The future of GRFC looks promising, with ongoing research and technological advancements aimed at overcoming 

current challenges and further enhancing its properties. 

1. Advanced Fibre Technologies: Research into new types of glass fibres, including those with improved 

mechanical properties and chemical resistance, can further enhance the performance of GRFC. 

2. Hybrid Composites: Combining glass fibres with other types of fibres, 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 GRFC more sustainable include using recycled glass fibres and incorporating 

supplementary cementitious materials. These approaches can reduce the environmental impact of GRFC 

production. 

4. Smart Concrete: The integration of sensors and smart technologies into GRFC can enable real-time monitoring of 

structural health. This capability can enhance maintenance practices and extend the lifespan of concrete structures. 

 

VI. CONCLUSION 

 

Glass Reinforced Fibre Concrete (GRFC) represents a significant advancement in concrete technology, offering 
enhanced durability and improved mechanical properties in harsh environmental conditions. Its superior performance in 

resisting chemical attacks, thermal variations, and physical wear makes it a valuable material for a wide range of 

construction applications. However, challenges such as cost, mix design, workability, and long-term performance need 

to be addressed through continued research and innovation. The future of GRFC is promising, with potential 

advancements in fibre technologies, hybrid composites, sustainability, and smart concrete. As these advancements are 

realized, GRFC is likely to play an increasingly important role in the construction industry, contributing to more 

durable and resilient infrastructure. 
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