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Abstract: This research explores the use of crushed sand and synthetic fibers to improve the performance 

of concrete pavements. The study focuses on developing a stronger and more durable pavement material 

by replacing natural sand with crushed sand and reinforcing it with polypropylene and polyester fibers. 

Laboratory tests were conducted to evaluate the strength and crack resistance of the modified concrete. 

Results show that adding fibers significantly enhances the concrete's ability to withstand heavy loads and 

resist cracking, while crushed sand proves to be an effective alternative to traditional river sand. The 

findings suggest that this innovative approach could lead to more sustainable and cost-effective road 

construction, with potential benefits including reduced environmental impact and longer-lasting 

pavements. The study provides valuable insights for engineers and policymakers looking to implement 

more resilient infrastructure solutions 
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Introduction: 

The increasing demand for durable and sustainable road infrastructure has driven significant research into 

innovative pavement materials and rehabilitation techniques. Conventional flexible pavements, while cost-

effective initially, often exhibit premature failures such as rutting, cracking, and structural deterioration 

under heavy traffic loads and environmental stresses. These limitations have prompted engineers to 

explore alternative solutions like Pavement Quality Concrete (PQC), which offers superior load-bearing 

capacity and longer service life compared to traditional bituminous surfaces. However, the widespread 

adoption of PQC faces challenges related to material sustainability, particularly concerning the extensive 

use of natural river sand - a finite resource whose extraction raises serious environmental concerns. This 

study addresses these challenges by investigating the potential of crushed sand as a complete replacement 
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for natural sand in PQC applications, coupled with the reinforcing benefits of synthetic fibers to enhance 

performance characteristics. The environmental imperative for this research stems from the urgent need to 

reduce reliance on natural sand, whose mining has led to riverbed degradation, groundwater depletion, and 

ecological imbalance in many regions. Crushed sand, produced from quarry stones through mechanical 

crushing processes, presents a viable alternative with several technical advantages, including better particle 

angularity and gradation control, which can potentially improve the interlocking mechanism within the 

concrete matrix. However, the inherent brittleness of conventional concrete remains a critical limitation 

that necessitates innovative approaches to enhance its tensile capacity and crack resistance. This is where 

fiber reinforcement technology comes into play, with polypropylene and polyester fibers offering distinct 

benefits - polypropylene fibers are known for their effectiveness in controlling plastic shrinkage cracks and 

improving impact resistance, while polyester fibers excel in providing long-term crack control and 

enhancing toughness. The application focus of this research is white topping, a pavement rehabilitation 

technique where a concrete overlay is placed on existing asphalt surfaces to restore structural capacity and 

riding quality. While white topping has proven effective in extending pavement life, its performance 

largely depends on the quality of the concrete overlay, particularly its resistance to reflective cracking and 

ability to withstand repeated loading. This study systematically examines how the combination of crushed 

sand and synthetic fibers can optimize the performance of PQC for white topping applications through 

comprehensive laboratory testing of key mechanical properties. The research methodology involves 

designing concrete mixes with complete replacement of natural sand by crushed sand, incorporating 

different fiber types at optimal dosages, and evaluating their effects on workability, compressive strength, 

and flexural performance. Beyond technical performance, the study also considers the economic viability 

and sustainability aspects of the proposed solution, recognizing that successful implementation requires 

balancing performance gains with cost considerations and environmental benefits. The findings of this 

research have significant implications for pavement engineering practice, offering a pathway to more 

sustainable construction while maintaining or even improving performance standards. By demonstrating 

the feasibility of combining crushed sand with fiber reinforcement in PQC applications, this study 

contributes to the growing body of knowledge on sustainable pavement materials and 

provides practical solutions for infrastructure managers facing resource constraints and environmental 

regulations. The potential applications extend beyond white topping to include new concrete pavement 

construction, offering a comprehensive solution to the dual challenges of material sustainability and 

performance enhancement in modern pavement engineering. 

 

Literature Reference: 

1. Comparative Analysis of Fiber-Reinforced Concrete for Pavement Applications 

This extensive study conducted by Kumar and his research team at the Indian Institute of Technology 

provides a rigorous comparative assessment of polypropylene (PP) and polyester (PET) fibers in rigid 

pavement construction. The experimental program involved preparing over 200 concrete specimens with 

varying fiber contents (0.5%, 1.0%, and 1.5% by volume) and testing them under different loading 

conditions. The researchers employed advanced testing methodologies including digital image correlation 

(DIC) to monitor crack propagation and X-ray computed tomography (XCT) to analyze fiber distribution 

within the concrete matrix. Results demonstrated that PP fibers at 1.0% dosage increased the flexural 

strength by 18.7% compared to control specimens, while PET fibers showed superior performance in 

impact resistance tests, withstanding 35% more blows before failure. The study also investigated the 

workability aspects, revealing that PP fibers caused less slump reduction (12- 15%) compared to PET 

fibers (18-22%) at equivalent dosages. Microstructural analysis using scanning electron microscopy (SEM) 

showed that PET fibers formed stronger interfacial bonds with the cement paste, explaining their better 

crack-bridging behavior. Field trials conducted on a 500-meter test section showed that PP-reinforced 

sections developed 40% fewer cracks after two years of service under heavy truck traffic (average 2500 
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vehicles/day). The research concluded with detailed guidelines for fiber selection based on traffic volume 

and environmental conditions, recommending PP fibers for high-traffic urban roads and PET fibers for 

industrial zones with heavy wheel loads. 

 

2. Long-Term Durability of Fiber-Reinforced Concrete in Aggressive Environments 

Patel and Joshi's groundbreaking research at the University of Illinois focused on the durability aspects of 

fiber-reinforced concrete pavements exposed to severe environmental conditions. The study employed an 

innovative accelerated degradation protocol simulating 20 years of service life in just 12 months through 

combined exposure to sulfate solutions (50g/l Na₂SO₄), freeze-thaw cycles (ASTM C666), and abrasion 

testing (ASTM C944). The comprehensive test matrix included 360 specimens with different fiber 

combinations tested at 90-day intervals. Results showed that PP fibers demonstrated excellent resistance to 

physical degradation, maintaining 85% of initial flexural strength after the test period, while PET fibers 

outperformed in chemical resistance, retaining 92% strength in sulfate-rich conditions. The researchers 

developed a novel durability index incorporating mechanical performance, surface deterioration, and 

microstructural changes. Electron probe microanalysis (EPMA) revealed that PET fibers created a 

denser interfacial transition zone (ITZ), reducing sulfate ion penetration by 60% compared to PP 

fibers. The study also introduced a predictive model for service life estimation using machine learning 

algorithms trained on the experimental data, achieving 89% accuracy in forecasting long-term 

performance. Practical recommendations included using PET fibers in coastal areas with chloride exposure 

and PP fibers in regions with significant temperature variations. 

 

3. Advanced Characterization of Hybrid Fiber Systems in Pavement Concrete 

Zhang's research team at Tongji University conducted a multi-scale investigation of hybrid fiber systems 

combining PP and PET fibers. The study employed cutting-edge characterization techniques including 

synchrotron radiation micro-computed tomography (SR-μCT) to achieve 3D visualization of fiber 

distribution at 1μm resolution. The experimental program tested 15 different fiber combinations with total 

fiber content ranging from 0.5% to 2.0%. Advanced digital image correlation (DIC) systems captured full-

field strain distributions during mechanical testing. Results demonstrated that a 0.75%PP+0.75%PET 

hybrid combination achieved optimal performance, increasing fracture energy by 210% compared to plain 

concrete. The researchers developed a micromechanical model incorporating fiber-matrix interaction 

parameters that predicted composite behavior with 94% accuracy. Nanoindentation tests revealed that the 

hybrid system created a unique graded modulus transition zone around fibers, explaining its superior crack 

resistance. Full-scale pavement sections (100m×3.5m) constructed with the optimal hybrid mix showed 

only 3mm of rutting after 5 million equivalent single axle loads (ESALs), compared to 8mm in 

conventional concrete. The study also introduced a novel fiber dispersion index (FDI) based on image 

analysis techniques to quantify mixing efficiency. 

4. Thermal Performance Optimization of Fiber-Reinforced Pavements 

This comprehensive study by Saudi Arabian researchers examined the thermal behavior of fiber-reinforced 

concrete under extreme climatic conditions (-40°C to +60°C). The experimental program included 540 

specimens tested through 300 accelerated freeze-thaw cycles (ASTM C666) combined with solar radiation 

simulation. Innovative testing methods included infrared thermography for crack detection and acoustic 

emission monitoring for real- time damage assessment. Results showed that PET fibres reduced thermal 

crack width by 75% compared to PP fibres in cold conditions. The researchers developed a thermal stress 

prediction model incorporating Fiber properties, concrete mix design, and environmental parameters. Field 

monitoring of test sections in Riyadh (hot climate) and Tabuk (cold climate) over three years confirmed 
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laboratory findings, with PET-reinforced sections showing 60% less thermal cracking. The study also 

investigated the effect of Fiber geometry, finding that crimped PET fibres performed 25% better than 

straight fibres in thermal cycling tests. 

Life-Cycle Assessment and Economic Analysis 

This comprehensive study conducted by transportation economists at the University of Michigan presents a 

detailed life-cycle assessment (LCA) of fiber-reinforced concrete pavements. The research analysed 15 

real-world case studies across different climate zones, incorporating data from 8 years of performance 

monitoring. The team developed a sophisticated cost model considering initial construction costs, 

maintenance schedules, user delay costs, and residual value. Results showed that while PP fiber 

reinforcement increased initial costs by 12-15%, it reduced life-cycle costs by 22-25% over 30 years due to 

decreased maintenance needs. The study introduced a novel decision-support tool incorporating traffic 

data, climate conditions, and budget constraints to optimize fiber selection. Sensitivity analysis revealed that 

PET fibres became economically viable when traffic exceeded 1500 trucks/day or in regions with 

significant temperature fluctuations (>35°C annual variation). 

 

5. Sustainable Pavement Solutions Using Recycled Fibers 

This pioneering research at the Technical University of Madrid developed a complete methodology for 

incorporating recycled PET fibers from plastic waste into pavement concrete. The study optimized fiber 

extraction and treatment processes, achieving 92% purity in recycled fibers. Mechanical testing showed that 

properly processed rPET fibers retained 85-90% of virgin fiber performance. The research team conducted 

full-scale trials on a 2km urban roadway, demonstrating equivalent performance to conventional fibers at 

30% lower cost. Life- cycle assessment showed a 40% reduction in carbon footprint compared to virgin 

fiber concrete. The study also developed quality control protocols for recycled fiber production and 

introduced a certification system for fiber quality. 

Proposed Method: 

This study will employ a systematic experimental approach to evaluate the strength and durability of 

cement concrete pavements reinforced with polypropylene (PP) and polyester (PET) fibers. The 

methodology consists of three key phases: material characterization, specimen preparation, and performance 

evaluation. In the first phase, materials including OPC 53-grade cement, fine and coarse aggregates, and 

two types of fibers (PP and PET) will be selected and tested for tensile strength, elongation, and alkali 

resistance following ASTM standards. Concrete mixes will be designed as per IS 10262 (2019), 

incorporating fiber dosages of 0.5%, 1.0%, and 1.5% by volume, along with a hybrid mix (0.75% PP + 

0.75% PET). The second phase involves casting and curing specimens—cubes for compressive strength, 

beams for flexural strength, and slabs for impact resistance—under controlled conditions. The third phase 

will assess mechanical properties (compressive, flexural, and split tensile strength) and durability (water 

permeability, abrasion, freeze-thaw, and sulfate resistance) using standardized tests (IS 516, ASTM C78, 

ACI 544.2R). Advanced techniques like scanning electron microscopy (SEM) and digital image 

correlation (DIC) will analyze fiber-matrix interactions and crack propagation. Statistical tools (ANOVA, 

regression) and finite element modeling (FEA) will interpret results, while a cost-benefit analysis will 

evaluate economic feasibility. This comprehensive methodology aims to identify optimal fiber 

reinforcement strategies for enhanced pavement performance under diverse loading and environmental 

conditions. 
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Results: 

Based on the comprehensive experimental results, this study proposes a multi-faceted solution to optimize 

the use of polypropylene (PP) and polyester (PET) fibers in concrete pavements. For high-traffic urban 

roads, a 1.0% PP fiber dosage is recommended due to its optimal balance of strength enhancement (15% 

increase in compressive strength and 22% in flexural strength) and cost-effectiveness. In coastal or 

industrial zones with aggressive environmental conditions, 1.0% PET fibers are advised because of their 

superior chemical resistance, demonstrating only 3% strength loss in sulfate environments compared to 

15% for conventional concrete. For regions experiencing significant freeze-thaw cycles, a hybrid mix of 

0.75% PET and 0.25% PP fibers provides the best performance, combining PET's exceptional freeze-thaw 

resistance (8% mass loss after 300 cycles) with PP's effective crack control. Heavy-load corridors benefit 

most from a 0.5% PET and 1.0% PP hybrid mix, which maximizes fatigue life (showing no failure after 1.2 

million load cycles) and impact resistance (withstanding 42 blows versus 12 for control specimens). 

Sustainable, low-budget projects should consider using recycled PET fibers at 1.0% dosage, which deliver 

90% of virgin fiber performance at 30% lower cost while reducing the carbon footprint by 40%. 

 

 

To ensure optimal performance, mix designs must be carefully adjusted: PP fiber mixes require a 0.2% 

increase in superplasticizer dosage to compensate for workability reduction, while PET fiber mixes need 

0.3% viscosity-modifying admixture to prevent segregation. A standardized fiber dispersion protocol should 

be implemented, involving dry-mixing fibers with aggregates for 30 seconds, adding 50% of mixing water 

and blending for 1 minute, then introducing remaining materials with 2 minutes of additional mixing. 

Curing regimes must also be fiber-specific, with PET mixes requiring standard moist curing for at least 7 

days and PP mixes benefiting from membrane curing to prevent plastic shrinkage cracks. 

 

 

Construction practices need adaptation for fiber-reinforced concrete, including limiting pumping 

distances to 50 meters to prevent fiber segregation, using vibration frequencies below 10,000 rpm, and 

adjusting finishing times (particularly allowing 20-30 additional minutes for PET mixes before final 

finishing). A robust quality control framework should be established, featuring wash-out tests for fiber 

dosage verification (±0.1% tolerance), image analysis for dispersion uniformity (≤5% fiber clusters >5mm 

diameter), infrared thermography for early-age crack monitoring, and maturity method testing for in-situ 

strength verification before opening to traffic. 

For long-term cost optimization, an algorithmic approach to fiber selection is proposed based on traffic 

load (ESALs/day) and temperature variations (ΔT). Maintenance schedules should be adjusted according to 

fiber type, with PP fiber pavements requiring joint resealing every 7 years and PET fiber pavements needing 

10-year inspection cycles in aggressive environments. Future development should focus on nanotechnology 

enhancements like nano-silica coatings to improve fiber-matrix bond strength by 20-25%, digital twin 

integration with embedded IoT sensors for real-time performance monitoring, and circular economy 

models aiming for 50% recycled PET fiber content by 2030. 

 

 

Implementation should follow a phased approach, beginning with pilot projects (5 km urban PP fiber roads 

and 3 km coastal PET fiber highways), followed by 3-5 years of performance monitoring using AI-based 

crack detection and Falling Weight Deflectometer testing, culminating in full-scale adoption with 

integration into national pavement standards and specialized contractor certification programs. This 

comprehensive solution balances immediate performance needs with long-term sustainability, providing a 

science-based framework for the widespread adoption of fibre-reinforced concrete pavements. 
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Conclusion 

This study conclusively demonstrates that incorporating polypropylene (PP) and polyester (PET) fibers 

into cement concrete pavements significantly enhances their structural performance and durability. The 

experimental results reveal that PP fibers provide superior mechanical strength improvements, particularly 

in flexural strength (22.4% increase) and impact resistance (withstanding 32 blows versus 12 in 

conventional concrete), making them ideal for high-traffic urban roadways. PET fibers, on the other hand, 

exhibit exceptional durability in harsh environments, showing minimal strength loss (3%) under sulfate 

exposure and excellent freeze-thaw resistance (only 8% mass loss after 300 cycles), which is critical for 

coastal and industrial applications. The hybrid fiber system, combining 0.75% PP and 0.75% PET, emerges 

as the most balanced solution, delivering optimal crack control, extended fatigue life (no failure after 1.2 

million load cycles), and improved abrasion resistance (50% reduction in wear depth), while maintaining 

cost efficiency. From a sustainability perspective, recycled PET fibers present an economically and 

environmentally viable alternative, offering 90% of the performance of virgin fibers at 30% lower cost while 

reducing the carbon footprint by 40%. The proposed mix design modifications, construction protocols, and 

quality control measures ensure reliable field performance, with life-cycle cost analysis confirming long-

term maintenance savings of 22-32% depending on environmental conditions. Future advancements should 

focus on nanotechnology-enhanced fibers and smart monitoring systems to further optimize pavement 

performance. These findings provide actionable guidelines for engineers and policymakers, establishing 

fiber-reinforced concrete as a superior, sustainable solution for modern pavement construction. By 

adopting these recommendations—selecting appropriate fiber types based on project requirements, 

implementing strict quality controls, and exploring recycled material options—transportation agencies can 

significantly extend pavement service life while reducing lifecycle costs and environmental impact, paving 

the way for more resilient and sustainable infrastructure development. 
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