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Abstract:  The performance of rigid pavements is primarily determined by the type of reinforcement used. 

Steel, though strong and widely available, is prone to corrosion, which causes premature deterioration of 

reinforced concrete pavements in India. The corrosive nature of the environment leads to a loss of structural 

integrity, higher maintenance costs, and reduced service life. Glass Fiber Reinforced Polymer (GFRP) 

offers a non-corrosive alternative that provides higher tensile strength, lighter weight, and superior chemical 

resistance compared to steel. This study compares steel and glass fiber reinforcement in road construction. 

The Net Present Cost (NPC) of both materials is evaluated using the Life-Cycle Cost Analysis (LCCA) 

approach. Design and material guidelines from relevant standards and field data have been incorporated into 

the comparative framework. Under moderate and severe chloride exposure, the long-term cost of steel 

reinforcement increases sharply due to corrosion-related damage. Conversely, GFRP achieves lower life-cycle 

costs because of its superior durability, corrosion resistance, and ease of handling, despite its higher initial 

procurement cost. Factors such as maintenance accessibility, exposure severity, and workmanship quality play 

a crucial role in determining the most cost-effective reinforcement solution for rigid pavement design. 

Index Terms - Glass Fiber Reinforced Polymer (GFRP), steel reinforcement, corrosion resistance, life-cycle 

cost analysis (LCCA), IRC codes, rigid pavements, India. 

I. INTRODUCTION 

The strength and service life of concrete pavements are significantly influenced by the type of reinforcement 

used. Steel is conventionally used because of its high strength and proven reliability [1]. However, steel 

reinforcement bars are among the most persistent causes of long-term maintenance challenges in rigid 

pavements. The corrosion process accelerates in coastal, saline, and industrial zones, where the concrete cover 

is penetrated by chloride ions [10]. The load-transfer efficiency of joints and dowel systems decreases due to 

spalling, cracking, and delamination caused by rust expansion. 

According to a national study by Koch et al., the corrosive nature of the environment contributes to over 40% 

of deteriorated infrastructure [10]. Joint failures result in increased rehabilitation frequency, particularly along 

coastal highways in India. The initial savings achieved by using conventional steel are often outweighed by 

cumulative maintenance costs over time [3]. 
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To overcome these limitations, Glass Fiber Reinforced Polymer (GFRP) has emerged as a viable 

alternative. It offers excellent resistance to corrosion, does not oxidize in aggressive environments, and is 

lightweight and non-magnetic, making it easier to handle. The Indian Roads Congress (IRC) has recognized 

the potential of GFRP, while the Bureau of Indian Standards (BIS) has issued supporting guidelines under 

IS 15916:2010 [4]. 

1.1 Rationale for the Study 

Durability, performance efficiency, and sustainable design are key aspects of pavement engineering. 

Maintenance and rehabilitation activities account for a significant portion of road infrastructure expenditure 

in India. The Life-Cycle Cost Analysis (LCCA) model provides a structured approach to comparing material 

alternatives based on both initial and long-term costs [3]. The Net Present Cost (NPC) method quantifies the 

financial impact of maintenance frequency, discount rate, and exposure severity. 

International studies have demonstrated the economic advantages of GFRP in bridge decks and marine 

structures; however, India-specific research integrating performance data with local exposure conditions 

remains limited [8]. Durable materials are essential for pavement sections exposed to high humidity, salinity, 

or marine spray. Large-scale adoption of GFRP in India has been slow due to the lack of a comprehensive 

domestic economic comparison model. This study aims to develop a comparative economic and technical 

framework for reinforcement material selection in rigid pavements. 

1.2 Problem Definition 

Steel reinforcement is vulnerable to chloride-induced corrosion. Structural damage manifests as cracking, 

delamination, and a reduction in flexural capacity [6]. Such deterioration leads to increased maintenance 

intervals, higher repair costs, and traffic delays. Although steel offers high strength, GFRP provides similar 

tensile performance with a density nearly four times lower [4], making construction simpler and safer. 

Concerns regarding serviceability and cost-effectiveness have prompted the need for a systematic evaluation 

of reinforcement alternatives. Exposure conditions and material performance must be examined through a 

cost–benefit and service-life analysis to determine the most sustainable reinforcement choice. The study 

seeks to identify the key environmental and economic parameters governing reinforcement selection in Indian 

pavement design. 

1.3 Objectives 

The primary objective of this study is to compare steel and GFRP reinforcement systems in rigid pavement 

construction under Indian environmental and economic conditions. The specific objectives are as follows: 

1. To compare the initial, maintenance, and life-cycle costs of steel and GFRP reinforcement using the 

LCCA method [3]. 

2. To analyze the performance of both materials under benign, moderate, and severe exposure conditions 

[2]. 

3. To assess how mechanical properties influence pavement service life. 

4. To evaluate safety and performance factors under Indian climatic and operational conditions [7]. 

5. To demonstrate the advantages of GFRP reinforcement over conventional steel in terms of durability 

and economy. 
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1.4 Scope and Relevance 

The scope of this study is limited to reinforced concrete pavements used in highway applications. 

Bituminous and composite pavements are excluded due to their distinct material behavior and structural 

mechanisms. Real discount rates, design life, and exposure-based maintenance intervals are included in the 

service-life evaluation framework. 

This research is relevant to national infrastructure agencies, policymakers, engineers, and contractors 

involved in the design and maintenance of road networks. The findings support India’s vision for durable, 

long-lasting, and sustainable pavements and contribute to the development of standardized specifications for 

the use of GFRP in Indian highways. 

II. LITERATURE REVIEW 

2.1 Overview of Reinforcement Performance in Concrete Pavements 

Durability and cost-effectiveness depend greatly on the behavior of the reinforcement material. Corrosion 

often occurs in humid environments. Along coastal highways and industrial corridors, the Indian Roads 

Congress (IRC) has recognized corrosion as a key chemical mechanism causing pavement deterioration [1]. 

According to Koch et al., nearly 40 percent of maintenance expenditure on concrete infrastructure is related 

to corrosion-induced damage [10]. Similar patterns have been observed in Indian coastal pavements [11]. 

Corrosion develops when chloride ions penetrate the concrete cover [6]. Protective surface coatings, stainless-

steel rebars, and cathodic-protection systems are sometimes adopted to mitigate this effect, but they add 

significant cost and maintenance requirements. GFRP bars, being non-metallic, are inherently resistant to 

oxidation and can serve as an effective replacement for steel [4]. 

2.2 Development and Application of GFRP in Civil Infrastructure 

GFRP has been used in bridges, marine decks, and pavements since the 1980s. Benmokrane et al. compared 

the fatigue life of bridge decks reinforced with GFRP to those with steel and found that the long-term 

performance and stiffness retention of GFRP were superior [8]. The life-cycle cost of conventional steel 

reinforcement was reduced by approximately 25 percent when replaced with GFRP [9]. In India, acceptance 

of GFRP has grown through pilot projects implemented by research institutions and highway authorities. 

Practical design and construction guidelines are provided in IRC:SP:114 for GFRP use in bridge and slab-

like elements [4]. Field evaluations confirm that the mechanical integrity of GFRP bars remains intact even 

after long-term exposure to aggressive conditions [12]. 

2.3 Comparative Mechanical and Durability Performance 

Mechanical behavior governs pavement serviceability, crack control, and fatigue resistance. Steel 

reinforcement possesses a modulus of elasticity of about 200 GPa [6], providing excellent stiffness and 

ductility. GFRP bars exhibit higher ultimate tensile strength but lower stiffness [5]. To compensate, design 

adjustments—such as closer spacing or higher reinforcement ratios—can be made [4]. Under repeated wheel 

loads, the fatigue endurance of GFRP reinforcement has been verified through laboratory and field studies 

[14]. No loss of tensile strength was observed even after 100 wet–dry exposure cycles [12]. These findings 

confirm that properly designed GFRP systems can effectively substitute steel reinforcement in rigid pavement 

applications. 
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2.4 Cost and Life-Cycle Analysis 

Life-cycle cost analysis (LCCA) evaluates the total ownership cost of different material options. 

International findings show that while GFRP has a higher initial cost, it achieves a lower Net Present Cost 

(NPC) over a 50-year analysis period [9]. Indian case studies also indicate tangible economic benefits: 

research by Vasanth (2020) reported approximately 45 percent maintenance cost savings for GFRP-

reinforced pavements in saline-soil environments [11]. 

Table 1: Summary of Key Literature Findings 

Author / Source Focus Area Key Findings / Contributions 
Relevance to Present 

Study 

Koch et al. (2002) 

[10] 
Corrosion economics 

Corrosion causes ≈ 40 % of 

infrastructure maintenance cost. 

Justifies corrosion-free 

materials. 

Benmokrane et al. 

(2006) [8] 
GFRP bridge decks 

Comparable fatigue strength to 

epoxy-coated steel. 

Demonstrates mechanical 

viability of GFRP. 

Enright & Eamon 

(2019) [9] 
LCCA of FRP bridges 

GFRP decks 25 % lower life-

cycle cost. 

Establishes cost advantage 

framework. 

Sinha & Vasanth 

(2022) [11] 

Indian coastal 

pavements 

40–50 % lower maintenance with 

GFRP. 

Provides India-specific 

durability evidence. 

CRRI (2022) [12] Marine exposure testing 
No strength loss after 100 wet–

dry cycles. 

Confirms chloride 

resistance of GFRP. 

IIT Madras (2021) 

[13] 
Long-term durability 

95 % tensile strength retention in 

10 years. 

Validates field 

applicability. 

Faza & GangaRao 

(1992) [14] 

Mechanical 

performance 

Excellent fatigue resistance under 

cyclic loads. 

Supports structural 

equivalence to steel. 

Alnaggar et al. 

(2022) [15] 

Global LCCA & 

environmental impact 

FRP structures lower CO₂ 

emissions and EAC. 

Reinforces sustainability 

dimension. 

2.5 Comparative Summary: GFRP vs. Steel Reinforcement 

To provide a clear foundation for the later cost and bar-chart analysis, the following table summarizes the 

comparative parameters aligned with the objectives of the study. It outlines the major differences in cost 

efficiency, durability, mechanical performance, and maintenance aspects between GFRP and steel 

reinforcement, forming the basis for subsequent life-cycle evaluation. 

Table 2: Comparison of Steel and Glass Fiber Reinforcement in Road Construction 

Parameter Steel Reinforcement 
Glass Fiber Reinforced 

Polymer (GFRP) 
Remarks / References 

Initial Cost 
₹ 55 – 65 per kg (standard 

Fe 500 grade) 
₹ 200 – 250 per kg 

GFRP ≈ 3–4 × costlier 

initially [3], [5]. 

Density 7850 kg/m³ 2000 kg/m³ 
GFRP ≈ ¼ weight of steel → 

easier handling [5], [8]. 

Tensile Strength 415–500 MPa 600–1200 MPa 
Higher strength but linear-

elastic behaviour [4], [8]. 
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Parameter Steel Reinforcement 
Glass Fiber Reinforced 

Polymer (GFRP) 
Remarks / References 

Modulus of 

Elasticity 
~200 GPa 40–60 GPa 

Lower stiffness → requires 

higher reinforcement ratio 

[4]. 

Corrosion 

Resistance 

Prone to chloride and 

carbonation attack 
Immune to corrosion 

Eliminates spalling, extends 

life [4], [12]. 

Thermal 

Expansion Coeff. 
12 × 10⁻⁶ /°C 8–10 × 10⁻⁶ /°C 

Similar compatibility with 

concrete [5]. 

Workmanship / 

Handling 

Heavier, requires cranes in 

slabs > 200 mm thick 

Light, manually handled; 

needs UV protection before 

casting 

Simplifies placement but 

requires training [7], [12]. 

Service Life 

(typical) 

20–25 years in moderate 

exposure 

40–50 years in severe 

exposure 

Based on IRC & CRRI data 

[3], [11], [12]. 

Maintenance 

Interval 

8–12 years (joint repairs, 

patching) 

20–25 years (minor repairs 

only) 

GFRP reduces rehab 

frequency [11], [12]. 

Environmental 

Impact 

High embodied energy, 

CO₂ ≈ 1.9 kg/kg 

30–40 % lower embodied 

energy 
Supports sustainability [15]. 

2.6 Identified Research Gaps 

From the reviewed literature, the following research gaps have been identified: 

1. There is limited information available on the performance of GFRP-reinforced pavements under 

Indian climatic and environmental conditions. 

2. There are currently no standardized guidelines that link material selection to exposure severity or 

environmental classification. 

3. Government agencies and design authorities lack comparative cost–benefit tools, such as bar charts 

and decision curves, to determine the point at which the higher initial cost of GFRP is offset by its 

reduced maintenance requirements. 

These gaps highlight the need for the present study, which aims to establish a clear, India-specific cost–

benefit relationship between steel and glass fiber reinforcement for rigid pavement applications. 

III. METHODOLOGY AND LIFE-CYCLE COST ANALYSIS FRAMEWORK 

3.1 Analytical Framework 

National highway agencies use the Life-Cycle Cost Analysis (LCCA) model to compare alternative 

pavement materials [3]. The entire service life of the pavement is considered when evaluating total ownership 

cost. Factors such as construction cost, maintenance frequency, and rehabilitation timing are included in 

this assessment. 

Both steel and glass fiber reinforcement options are evaluated. The performance expectations are aligned 

with the model’s economic and technical standards [2]. The analysis assumes identical pavement geometry 

and loading conditions for both materials so that cost differences arise only from material behavior, 

durability, and maintenance requirements. 

 

http://www.ijcrt.org/


www.ijcrt.org                                                          © 2023 IJCRT | Volume 11, Issue 7 July 2023 | ISSN: 2320-2882 

IJCRT2307901 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org h660 
 

 

 

3.2 Life-Cycle Assessment Stages 

The life-cycle evaluation is divided into four major stages: 

1. Initial Construction Stage: Includes procurement, transportation, and installation costs for 

reinforcement materials. 

2. Routine Maintenance Stage: Covers periodic joint sealing, surface patching, and crack repairs. 

3. Major Rehabilitation Stage: Involves large-scale restoration activities once structural performance 

falls below serviceability limits. 

4. Residual Value and Service-Life Extension: Considers the remaining structural strength at the end 

of the design period and the potential life extension achieved through improved durability. 

Each stage contributes differently to the overall economic ranking. The initial cost of GFRP is generally 

higher than that of steel because of its material cost and specialized manufacturing process, but the difference 

is offset over time by its lower maintenance requirements. 

3.3 Exposure Classification and Environmental Considerations 

The environmental conditions are classified into exposure categories as per IRC:112-2020 [2]. These 

categories directly influence reinforcement selection, service-life design, and long-term cost performance. 

Table 3: Exposure Classes and Their Implications 

Exposure Class Representative Conditions Design Implications Effect on Material Choice 

Mild (Benign) 
Dry inland climate, low 

humidity 

Minimal risk of corrosion 

or chemical attack 

Steel remains cost-effective 

with standard cover depths 

Moderate 
Periodic moisture or 

industrial pollution 

Moderate chloride 

penetration; joint distress 

possible 

GFRP competitive due to 

lower maintenance 

frequency 

Severe 

(Coastal/Marine) 

Continuous exposure to salt 

spray or saline subgrade 

water 

High chloride ingress and 

accelerated steel 

corrosion 

GFRP preferred for long-

term durability and economic 

advantage 

Performance scenarios in later analysis are defined according to these exposure classes. 

3.4 Assumptions and Boundary Conditions 

Both alternatives are assumed to have the same traffic load, slab thickness, and subgrade conditions [1]. 

Material procurement rates and labor costs are based on MoRTH specifications [7]. The design life for 

comparison is set at 40 years. Maintenance intervals for steel and GFRP are derived from CRRI findings 

[12], while the NITI Aayog guidelines for infrastructure evaluation are used to define the real discount rate 

range [16]. These parameters ensure consistency with Indian design and economic frameworks. 

3.5 Theoretical Basis for Comparison 

Four major dimensions have been identified from literature and field practices to establish a consistent 

comparison framework: 
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1. Cost Efficiency: Includes initial cost, maintenance frequency, and total life-cycle expenditure. 

2. Durability and Service Life: Determined by resistance to environmental degradation and corrosion. 

3. Workmanship and Handling: Considers ease of installation, safety, and on-site labor requirements. 

4. Mechanical Behavior: Relates to strength, stiffness, and thermal expansion properties of materials. 

The life-cycle performance profile of each material is assessed against these parameters. 

Table 4: Conceptual Comparison of Evaluation Dimensions 

Criterion Steel Reinforcement GFRP Reinforcement 
Expected Outcome 

under Indian Conditions 

Initial Cost 
Low material cost and 

readily available 

High procurement cost (~3–

4× steel) 

Steel preferred in benign 

zones 

Maintenance 

Frequency 

Frequent repairs due to 

corrosion (8–12 years) 

Minimal repairs (20–25 

years) 

GFRP favoured in 

moderate–severe zones 

Durability 
Prone to chloride and 

moisture damage 

Corrosion-proof and 

chemically stable 

GFRP ensures longer 

service life 

Workmanship and 

Handling 

Heavy handling; risk of 

injury 

Lightweight; requires 

training and UV protection 

GFRP simplifies site 

operations 

Structural 

Performance 

High modulus, ductile 

behaviour 

High strength but linear-

elastic response 

Comparable serviceability 

if properly designed 

Overall Life-Cycle 

Performance 
Economical in mild climate 

Superior in corrosive 

environments 

Site-specific selection 

recommended 

3.6 Scenario Framework for Evaluation 

Three exposure scenarios are developed to represent varying environmental severities and their effects on 

material selection. 

Table 5: Scenarios 

Scenario 

ID 
Environment Type 

Dominant Distress 

Mechanism 

Preferred 

Material 
Supporting Evidence 

S1 Benign (Mild) 
Thermal and shrinkage 

cracking 

Steel 

Reinforcement 

Economical first cost 

advantage [11] 

S2 Moderate 
Intermittent corrosion, 

joint spalling 

Either Steel or 

GFRP 

Comparable EAC values 

[11], [12] 

S3 
Severe 

(Coastal/Marine) 

Chloride-induced 

corrosion and spalling 

GFRP 

Reinforcement 

Proven durability 

advantage [12], [13] 

The comparative bar-chart visuals in the Results section depict the relative life-cycle cost index for these 

scenarios. 

3.7 Synthesis of Methodology 

The proposed evaluation framework establishes a clear relationship between economic factors and material 

durability under Indian conditions. It demonstrates that: 

 In inland regions, steel reinforcement remains the most economical solution. 
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 In industrial and coastal environments, life-cycle costs are dominated by corrosion control 

measures, where GFRP provides superior performance. 

 Quality assurance during installation—particularly in maintaining cover depth, curing, and 

bonding—is essential to realize the theoretical advantages of GFRP. 

The methodology aligns with field evidence and Indian design codes, forming a strong foundation for the 

comparative analysis and interpretation presented in subsequent sections. 

IV. RESULTS AND DISCUSSION 

4.1 Field and Experimental Observations 

Several factors influence the performance of reinforcement materials in concrete pavements. Steel-reinforced 

pavements perform reliably in inland areas with adequate drainage but are prone to chloride-induced 

deterioration in coastal and industrial regions [11]. Corrosion expansion and cracking occur when the passive 

oxide film protecting the steel is disrupted by chloride ingress. Once deterioration begins, patching and sealing 

operations become necessary to restore serviceability. In contrast, Glass Fiber Reinforced Polymer (GFRP) 

bars are non-metallic and immune to electrochemical corrosion. After one year of wet–dry exposure testing, 

GFRP bars retained their full mechanical strength [12]. Field studies further confirmed that there was no 

reduction in flexural stiffness or bond strength even after ten years of service exposure [13]. The stable and 

inert nature of GFRP ensures consistent long-term performance in harsh environments. 

 

Figure 1: 3D schematic comparison of pavement cross-sections showing corrosion damage in steel-

reinforced pavement versus intact condition in GFRP-reinforced pavement 

4.2 Cost–Benefit Relationship under Indian Conditions 

The evaluation indicates that steel reinforcement incurs higher cumulative expenditure due to periodic 

rehabilitation and corrosion-control measures. The Life-Cycle Cost Analysis (LCCA) demonstrates that 

long-term savings can offset the higher initial investment of GFRP [3]. While the initial cost of GFRP is 

approximately three to four times that of steel, its maintenance cost is substantially lower. Field studies in 

India report that steel-reinforced pavements require joint repairs and partial slab replacement every 8–10 

years [11]. In contrast, GFRP-reinforced pavements have shown negligible deterioration over a projected 

20-year service period. The cumulative Net Present Cost (NPC) is, therefore, lower for GFRP, especially in 

moderate to severe chloride environments. This cost advantage is particularly evident in coastal states such 

as Gujarat, where high chloride exposure, humidity, and traffic loading accelerate corrosion in steel-
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reinforced pavements. As a result, the total cost per kilometer of pavement is reduced for GFRP-reinforced 

designs due to lower repair frequency and minimal downtime losses. 

 

 

Table 6: Scenario-wise Theoretical Comparison of Reinforcement Alternatives 

Scenario 
Exposure 

Environment 
Steel Reinforcement GFRP Reinforcement 

Preferred 

Option 

S1 – 

Benign 

Dry inland / low 

chlorides 

Performs adequately at 

low cost; minimal 

corrosion 

Technically suitable but 

uneconomical due to high 

first cost 

Steel 

S2 – 

Moderate 

Seasonal humidity / 

industrial exposure 

Surface scaling after 10–

12 years; requires 

patching 

Superior performance with 

low maintenance; good cost 

recovery 

Comparable 

S3 – 

Severe 

Coastal / marine / 

saline groundwater 

Rapid corrosion; multiple 

rehabilitation cycles 

Corrosion-free; stable 

structural integrity for >40 

years 

GFRP 

 

Figure 2: Bar chart illustrating comparative life-cycle cost index (NPC/EAC) of steel and GFRP 

reinforcement across different exposure scenarios (S1–S3) 

4.3 Durability and Service Life 

Durability governs both the structural reliability and sustainability of pavement systems. When the chloride 

concentration at the reinforcement level exceeds approximately 0.4% by weight of cement, steel becomes 

highly susceptible to corrosion [6]. The resulting expansion leads to cracking, delamination, and spalling of 

the concrete surface. Progressive deterioration increases the risk of joint failure and reflective cracking, 

compromising ride quality and safety. Conversely, GFRP reinforcement demonstrates excellent long-term 

stability under aggressive exposure conditions. The glass fibers are encased within a polymer matrix that 

prevents chemical interaction and shields the fibers from environmental attack. GFRP also has a thermal 
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expansion coefficient similar to that of concrete [5], ensuring good compatibility under temperature 

variations. Service-life studies indicate that GFRP-reinforced pavements can last between 40 and 50 years 

with minimal maintenance [11]. According to IRC:112-2020, in severe or marine exposure zones, the use of 

GFRP provides a significant advantage that justifies its higher initial cost [2]. 

 

4.4 Workmanship and Constructability 

Constructability directly affects implementation efficiency, project duration, and safety during pavement 

construction. Steel reinforcement is heavy and labor-intensive to handle. Variations in cover depth can lead 

to performance issues, while the high density of steel increases the effort required for transportation and 

placement of reinforcement in large pavement sections [7]. GFRP, being nearly four times lighter than steel, 

allows for manual handling, reduces equipment dependency, and accelerates placement activities. Field 

observations have reported a notable reduction in installation time when using GFRP reinforcement [12]. 

However, strict adherence to handling protocols is necessary—avoiding excessive bending, protecting bars 

from ultraviolet exposure, and ensuring accurate alignment during placement [4]. Proper training of site 

personnel significantly improves productivity and workmanship quality. Moreover, the use of GFRP reduces 

overall logistics requirements and labor costs, making it a practical and efficient alternative in large-scale 

pavement projects. 

 

Figure 3: 3D schematic representation of reinforcement placement for GFRP and steel in rigid 

pavement slabs highlighting differences in handling and cover detailing 

4.5 Mechanical and Structural Behaviour  

The strength and serviceability requirements of pavements are satisfactorily met by both reinforcement types 

[1]. Brittle failure is prevented by the elastic–plastic behaviour of steel reinforcement. The material behaves 

linearly up to yielding and provides warning before failure. Proper detailing and reinforcement ratio are 

essential for designers to ensure that service-level stresses remain within permissible limits [4]. Research by 

Faza and GangaRao [14] and Benmokrane et al. [8] confirmed that GFRP bars maintain stable bond 

performance and fatigue endurance under cyclic loading. Adjustments in bar spacing and reinforcement ratio 

can compensate for the lower stiffness of GFRP [12]. 

Design adaptations directly influence structural behaviour. Pavements reinforced with GFRP perform 

equivalently to those with steel reinforcement when adequate quality assurance is maintained [4]. This section 
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establishes the theoretical basis for material comparison and provides practical insights for adoption and 

policy formulation under Indian highway infrastructure conditions. 

 

 

V. CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion 

This study evaluated Glass Fiber Reinforced Polymer (GFRP) and steel reinforcement for road-pavement 

applications under India’s diverse climatic and exposure conditions. The findings show that the choice of 

reinforcement material should depend not only on structural strength but also on ease of construction, overall 

life-cycle cost, and long-term durability. The results indicate that steel reinforcement is more vulnerable in 

coastal and industrial environments. Spalling, delamination, and structural deterioration are caused by the 

onset of corrosion in steel. Repeated interventions over time contribute to higher costs and user disruption. In 

contrast, GFRP provides long-term durability and structural stability. 

Although the initial cost of GFRP is higher than that of steel, the reduction in maintenance needs and the 

elimination of repair operations can lead to a 25 %–40 % decrease in annualized life-cycle cost. In areas 

with aggressive environmental exposure, the overall service performance of GFRP far surpasses the apparent 

cost premium at the procurement stage. GFRP also offers several operational advantages: its lightweight 

nature facilitates transportation, handling, and installation, while its non-magnetic and non-conductive 

properties improve safety in environments with electrical or magnetic interference. Proper training further 

enhances productivity and quality of workmanship. Both materials can fulfill structural requirements; 

however, GFRP exhibits higher tensile strength and superior bond with concrete than steel. The key 

difference lies in steel’s ductile yielding before failure, whereas GFRP remains linear-elastic up to rupture. 

Equivalent serviceability and fatigue resistance can be achieved in GFRP designs through proper spacing and 

reinforcement ratios. 

Therefore, GFRP represents a sustainable and technically viable alternative to steel in environments where 

the long-term performance of steel is compromised by corrosion. This aligns with India’s broader 

infrastructure goals of improving service life, reducing maintenance costs, and promoting sustainable 

construction practices. Transitioning to composite reinforcement systems marks an important step toward 

modernizing Indian highway infrastructure. 

5.2 Recommendations 

The following recommendations are derived from the comparative findings: 

1. Adopt environment-based material selection. Reinforcement in coastal and industrial areas should 

be chosen according to exposure severity and protection requirements. 

2. Institutionalize Life-Cycle Cost Analysis (LCCA). Pavement design should incorporate long-term 

cost implications, including maintenance and rehabilitation intervals, rather than relying solely on 

initial cost. 

3. Develop standard detailing and training protocols. Guidelines for bar placement, cover depth, 

alignment, and protection measures should be prepared by national and state agencies. 

4. Encourage pilot and demonstration projects. Implementation of test sections will help collect 

localized performance data and support future revisions of national specifications. 
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5. Expand design codes for non-metallic reinforcement. Future updates to Indian standards should 

include material acceptance criteria, design parameters, and service-life expectations for GFRP. 

6. Promote sustainability and circular-economy principles. Using lightweight, durable GFRP reduces 

resource consumption and carbon emissions, supporting India’s transition to sustainable infrastructure. 
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