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REVIEW ON FIBREOUS USED IN BITUMINOUS 

PAVEMENT AND THEIR BEHAVIOURS 

ABSTRACT: 

Distress in the pavement surface affects ride comfort immediately and can also 

indirectly divert the driver, making it more likely that they will lose control of the vehicle and 

possibly cause accidents or fatalities. The goal of the study is to add a second flexible 

pavement patch to the current roads at regular intervals. Fibre like coconut and rubber make up 

an additional patch.This will contribute to increased road surface friction and skid 

resistance, which is beneficial for improving vehicle safety on the roads by lowering accident 

rates. In conclusion, the additional fibre in bitumen can improve performance and durability, 

cost-effective solutions & minimize environmental impact.Flexible pavements play a crucial 

role in current transportation infrastructure a durable and resilient surface for vehicular traffic. 

To enhance performance, durability, and sustainability of flexible pavements, various surface 

modification techniques have been explored and developed. This paper showing a 

comprehensive review of surface modification techniques employed in flexible pavement 

design. The review begins by outlining the fundamental properties and requirements of flexible 

pavements, emphasizing the need for improved durability, skid resistance, and resistance to 

environmental degradation. It then delves into an in-depth analysis of diverse surface 

modification strategies, categorized into physical, chemical, and hybrid approaches.Physical 

modification techniques, such as aggregate interlocking, texture optimization, and the use of 

innovative materials like fibers and polymers, are discussed for their impact on enhancing 

pavement strength, flexibility, and resistance to distresses. Furthermore, the environmental and 

economic aspects of implementing these techniques are discussed, emphasizing the importance 

of sustainable pavement solutions. 
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INTRODUCTION: 

Overspeeding is the primary cause of the majority of fatal accidents.the danger. At high speeds, 

the vehicle needs a greater stopping distance. To get higher traction and make road surface 



skid-resistant, it is necessary to implement remedial measures to reduce the rates of accidents 

on existing flexible pavement. Bitumen roads can be affected by climate changes. In hot 

climates, bitumen can soften, leading to rutting and deformation. In cold climates, it may 

become brittle, causing cracks. Additionally, moisture from rain or snow can penetrate the road, 

contributing to deterioration over time. Proper design and maintenance help mitigate these 

effects. From a civil engineering perspective, we proposed to give an additional layer of fibre 

(rubber, coconut fibre).There are various benefits of using coconut fibres in bituminous mixes, 

or coconut fiber-reinforced asphalt. Because they are a naturally occurring and renewable 

resource, coconut fibres support the asphalt industry's sustainability. These fibres contribute to 

the asphalt mix's increased tensile strength and flexibility, which lessens cracking and increases 

the pavement's overall longevity. Furthermore, coconut fibrescanstabilise asphalt aggregates, 

improving their cohesiveness. The utilisation of coconut fibres in bituminous materials is 

consistent with the overarching objective of integrating eco-friendly substitutes in construction 

methodologies.  

 

Fig. Coconut Fiber(image courtesy- google) 

The use of rubber fibers in bituminous mixtures is beneficial for asphalt pavements. Rubberized 

bitumen, often produced by incorporating recycled tire rubber fibers into the asphalt mix, can 

enhance the pavement's properties. This inclusion improves flexibility, resilience, and 

resistance to cracking. Moreover, it contributes to sustainable practices by recycling rubber 

waste. Overall, the utilization of rubber fibers in bituminous materials is a promising approach 

for creating more durable and eco-friendly road surfaces. 



 

Fig Rubber Fiber (image courtesy- google) 

LITERATURE REVIEW: 

Research was conducted to analyze flexible pavements using Finite Element Analysis, in 

conjunction with geogrids. This article aims to employ Plaxis 2D finite element analysis to 

gain insights into the functioning of geogrids in flexible pavement. The Mohr-Coulomb 

equation is used to model the materials in the base layer, subbase layer, and subgrade layer. 

Geogrids are used in the elastic model's interface element to simulate the interaction condition. 

The 15-noded triangle element is used by those who lay pavement. The Indian Road 

Congress's (IRC: 37-2012) code regulations considered both the volume of traffic and the size 

of each layer. The current study investigates the impact of different base layer thicknesses on 

the axial stiffness of the geogrids in the pavement. This examination is conducted through the 

utilization of an axis-symmetric model in Plaxis 2D. The findings from the finite element 

analysis demonstrate that including geogrids between the layers of pavement effectively 

mitigated vertical surface deformation. The impact of adding reinforcement to different 

thicknesses of base layers in pavement was examined using FEM analysis. Which particular 

praxis software showcases the positive effects of geogrids' axial stiffness in the base course 

and the strength of materials at different thicknesses of the base course layer on vertical 

deformation of the surface. The individual also conducted research on simulating the 

viscoelastic characteristics of pavement when subjected to dynamic loads. This research 

showcases an instance of employing a comprehensive layered linear viscoelastic analysis to 

assess the structural behavior of flexible pavements. The approach relies on the concept of 

elastic-viscoelastic correspondence and the theory of multi-layered elastic materials. Various 

types of sensors were installed during the construction in order to measure the pavement at 

different temperatures. The accuracy of the observations and real-time calculations was quite 

high. This study illustrated the use of layered viscoelastic analysis through a numerical inverse 

Laplace transform to estimate the response of flexible pavement structures, based on the 



concept of elastic-viscoelastic correspondence. The effectiveness of the elastic collocation 

method was proven by comparing it to a simpler approximation where elastic solutions were 

combined at predetermined time intervals, showcasing that the former provided a reliable 

estimate. Furthermore, the research demonstrated the implementation of the collocation 

method. Instead of using the flexible collocation technique, the study recommends the use of 

live solutions at set intervals to enhance precision. [2] 

Investigated the impact of temperature change and asphalt concrete cross-anisotropy on 

pavement stress-strain under dynamic loading. Temperature and asphalt concrete's cross-

anisotropy affect the pavement's stress-strain properties when spinning wheel loads are 

applied. Field compacted AC cores from the instrumented pavement section were gathered 

and assessed in a laboratory, and the results are included in the fem model utilizing the user-

defined material interface in Abaqus.The model is verified under falling weight using strain 

data and field-observed deflections. It demonstrates that the horizontal tensile strain falls as 

the AC's horizontal modulus increases.The vertical strains on top of pavement layers decrease 

as n grows. It implies that the vertical stresses of the pavement layers decrease as the AC's 

horizontal modulus increases. [3] 

Performance analysis of flexible pavement reinforced with geosynthetic reinforcement. This 

study summarizes common field tests conducted on geosynthetic reinforcement of flexible 

pavement.Using information from other studies, this preliminary analysis can be extended to 

determine whether it has broader applicability. The study then offers a unique formula in light 

of the comparison that was conducted with the data.[4] 

Expanding multi-scaling is the first phase of the multiscale computational model for designing 

flexible pavement. The approach employed in this work, known as expanding multi-scaling, 

entails carrying out computational analyses on progressively larger length scales. The finite 

element method is used to build the model at each length scale, producing a one-way coupled 

multi-scale algorithm that can account for how modifications to the design parameters at each 

length scale impact the performance of flexible pavements.For example, the method can be 

used to predict the effects of large-scale design parameters like the thickness of the base layer 

and degree of compaction, as well as small-scale elements like the volume percentages of 

additives, fines, and aggregate, on rutting generated by cyclic loading. A brief explanation of 

the computational procedure and the experimental prerequisites for utilizing the 

computational strategy are provided below. to create pavement. The article concludes with 



several examples demonstrating how this predictive technology might be used to create 

pavements that are more environmentally friendly. Computational technique for flexible 

pavement inspection. The algorithm, known as expanding multi-scaling, was used for the 

modelling of material properties at three successively larger length scales, with the ultimate 

goal being an analysis of pavement reaction at the largest scale.[5] 

The accurate projection of pavement reactions was able to result in the identification of rutting 

and fatigue cracking. This was achieved by utilizing a more precise cross-anisotropic stress-

dependent modulus for the unbound base layer. The estimated surface deflections, which took 

into account the stress dependency and cross-sectional characteristics, matched the 

measurements taken in the field. The researchers took into account the anisotropy of both the 

subgrade and base layer. The findings indicate that the forecast of how the pavement will react 

is influenced by the cross anisotropy and stress dependence of the granular base layer for thin, 

flexible pavements. The anticipated pavement responses in the quasistatic analysis were 

slightly lower compared to those in the dynamic study. When the researchers accounted for 

the impact of stress dependence, cross-layer interactions, and subgrade anisotropy, they found 

that the estimated surface deflections closely matched the observations made in the field.[6] 

Have looked at adding a polymeric compound made of recycled plastic to asphalt mixtures. 

This research aims to assess the mechanical properties of the two modified asphalt mixes by 

comparing their performance with that of a reference asphalt mixture changed with styrene-

butadiene-styrene polymers. Two asphalt mixtures were modified with two elastomeric 

compounds. Elastomeric polymers made up one of the compounds, while recycled plastic and 

graphene were included in the other. Cores extracted from a field trial conducted on a real size 

and laboratory experiments conducted on shear gyratory compacted specimens. The results 

showed that the stiffness, fatigue resistance, and rutting resistance of the two mixtures 

modified with polymeric compounds were similar to those of the reference mixture. Finally, 

due to compaction problems and possible interlayer de-bonding effects, the sections built with 

compound-modified mixtures had a lower structural response than the reference one, 

according to a falling weight deflectometer campaign carried out in the field after the 

pavement had been in use for a year. The mechanical characterization was conducted utilizing 

a laboratory investigation, evaluating gyratory compacted specimens and cores taken from a 

dedicated full-scale field trial constructed with same bituminous mixtures concerning stiffness 

properties, fatigue characteristics, and rutting behavior.[7] 



Performed an examination in the laboratory to assess the mechanical properties of asphalt 

mixtures containing rubber using semi-wet, dry, and wet techniques. To assess how three 

distinct methods of adding rubber impact the mechanical performance of asphalt mixtures. 

Two sets of specimens were created for the dry and semi-wet processes. One set did not 

undergo digestion time, while the other set underwent a 30-minute digestion period. After 30 

minutes, the specimens from the second set continued to exhibit poorer performance compared 

to the specimens from the first set with the same digestion time, particularly in terms of 

moisture sensitivity. The swp mix not only maintained the results achieved by the wp mix but 

also surpassed them after 30 minutes of digestion.. [8] 

Studies on the most recent developments in engineering and pavement materials. The study 

concluded that more research is necessary in pavement engineering. Using the combined 

efforts of forty-three scholars from twenty-four esteemed universities with a track record in 

highway engineering. The multi-scale mechanics, asphalt binder performance and modelling, 

pavement material mixture performance and modelling, green and sustainable pavement, and 

intelligent pavement.[9]  

The mechanistic-empirical pavement design technique, exhaustive examination of the subject; 

it merely focuses on a few important aspects of asphalt pavement design.[10]  

The California Bearing Ratio (CBR) approach for flexible pavement design has been 

thoroughly examined. This work aims to calculate the cbr values of various soil samples and 

link those values to design flexible pavement in compliance with irc: sp: 37-2001 

recommendations.[11]  

The study focused on examining the use of bitumen mixed with recycled tyre rubber in asphalt 

mixtures. The validity of the penetration, softening point, and Marshall test analyses were 

investigated in this study. To enhance the standard of Albanian road development and 

minimize the negative effects of waste tires on the environment. The document provides a 

summary of the results from various tests, including the penetration, softening point, and 

Marshall test, performed on modified bitumen made from recycled rubber collected from tires. 

The amount of rtr-mbs decreased from 73 mm in regular asphalt to 61 mm in the penetration 

test, suggesting an improvement in the quality of the asphalt.[12] 

Survey designed to evaluate the flexible pavement conditions in order to classify and identify 

the various types of pavement failure for the selected highway. Determining the underlying 

reasons of flexible pavement failures and selecting the best course of action for repair and 



upkeep are vital. The first task involved visually assessing and inspecting the current state of 

the flexible pavement, including any failures. Field evaluation work was finished on the 

designated rural highway's current flexible pavement conditions. Therefore, most pavement 

deterioration and failures are caused by severe and widespread surface deformation, cracks, 

disintegration, and surface flaws. In addition to other types of failures caused by heavy truck 

and vehicle movement, poor drainage design, improper pavement layer thickness design, and 

incorrect pavement mix design and material selection, wear and tear is the primary cause of 

these failures and damages.[13] 

Conducted maintenance and forecasting for flexible pavements. This essay examines the 

functioning and upkeep of flexible pavement. The main goals of this study are to predict how 

flexible pavements will perform. This will be done by using eight degradation models from 

hdm-4, a program for highway development and management, as well as two distress models 

from the Kenlayer computer software. Furthermore, the objective of the research is to employ 

hdm-4 to arrange appropriate upkeep according to the performance of the pavement. The 

Kenlayer program was employed to assess the extent of damage by using distress models. The 

hdm-4 computer has employed models to assess the degradation of pavements. The cracking 

model has identified parameters that govern pavement performance in Indian conditions. The 

output of Kenlayer and HDM-4 have been compared. Upon evaluating the test section, it is 

observed that the lifespan of the pavement calculated by HDM-4 is lower compared to the 

estimation made by Kenlayer. Because hdm-4 has been found suitable for condition-

responsive maintenance, it has been utilized exclusively for addressing severe faults that 

include cracking and roughness. You can easily schedule the required maintenance by using 

the user-friendly hdm-4 program, which provides an estimate of the pavement's performance. 

The test area includes a highway with six lanes that are split into two sections. The highway 

has a total of seven levels. The lifespan of the design has been calculated using the distress 

models of the Kenlayer computer program. The design techniques from the Asphalt Institute 

and Shell have been examined by using similar standard axle loads and a variety of axle 

configurations for traffic. Upon analyzing the duration of usage, it was discovered that 

implementing the axle spectrum method helped mitigate the vertical compressive strain on the 

upper section of the subgrade by considering traffic conditions. Additionally, the pavement's 

performance was calculated using eight degradation models from HDM-4. The determination 

of the controlling model was made by comparing the results of the eight deterioration 

model.[14, 15] 



Investigation into the flexible pavement design analysis. The college bus, two-wheelers, and 

four-wheelers of Kanpur Venus College are regularly used by college teachers and maid 

students, exclusively for research purposes. Approach. Pavement thickness is determined 

using the design curve, which is located between cone bearing ratio and pavement thickness. 

The study methodology suggests that the gi, cbr, stabile metre, and mcleod methodologies are 

empirical approaches. Because the tri axial test method is theoretical and contains empirical 

changes as advised by the Kansas State Highway Department, it can be considered semi-

empirical. The bur mister method is a theoretical approach based on the elastic two-layer 

theory. Bur meister has suggested that the pavement thickness required for this technique be 

the same as a 5 mm deflection.Furthermore developed on Bur Mister's two-layer concept is 

the US Navy plate bearing test procedure. The flexible pavements in this work were simulated 

as a three-layer structure, and the linear elastic model was employed to determine the stresses 

and strains at critical locations. The plan was created with design traffic in mind, which was 

established by growth. Consequently, the design of flexible pavement adhered to IRC-37, and 

ORR was employed for quality control while completely accessible roads were being built. 

The tests are conducted within allowable limitations and in compliance with the is code. 

Material quality control is part of the project. Utilizing network methods (ganpt, bar charts, 

milestones) for quality control in the project discussions, the critical component approach, and 

the program evaluation review technique).[16] 

Conducted research to evaluate the expenses associated with various methods utilized in the 

creation of rigid and flexible pavements. This article explores the evaluation of expenses for 

both rigid and flexible pavements through various design methods and also delves into well-

established design techniques. This can be accomplished by making comparisons between the 

usual and functional methods. The whole project has many advantages because it involves 

gathering data, analyzing it, and exploring different types of rigid and flexible pavement 

designs as well as the methods used to estimate their costs. Engineers who specialize in 

projects related to highways. Therefore, the CBR method, which is constructed as a flexible 

pavement on top of a subgrade consisting of black cotton soil, is considered the most suitable 

approach in line with IRC 37-2001, as compared to other methods available. The pavement is 

constructed using a adaptable approach, with each technique tailored to its specific thickness 

requirements. According to the cost analysis of a specific part of each approach, it can be 

concluded that the CBR method, as stated by IRC, is the most suitable method in terms of 

cost. The irc technique is the most appropriate choice as it ensures the pavement remains 



stable. Flexible pavements are found to be more cost-effective for traffic volumes that are 

lower than average. Despite a higher upfront investment and lower maintenance expenses, 

rigid pavement is known to last approximately 2.5 times longer compared to flexible 

pavement. The rigid pavement typically lasts around forty years, which is a considerably 

longer timeframe compared to flexible pavement. [17] 

Improve the durability of the top layer in a flexible pavement by incorporating polypropylene 

into the asphalt mixture. Three varying amounts of polypropylene, specifically 1%, 2%, and 

3%, were used for the modification. By conducting a set of laboratory experiments, the 

researchers identified the physical characteristics of the altered asphalt and its combinations. 

The presence of polypropylene has been observed to reduce the ability of neat bitumen to be 

penetrated by 19% and its ductility by 40%. The research indicated that as the amount of 

polypropylene increased, the softening point of bitumen went up, but the penetration, ductility, 

and specific gravity decreased. The addition of 3% polypropylene to bitumen results in a 

maximum softening point of 55.3°C. In addition, incorporating 3% polypropylene into the 

mixture led to a significant enhancement in its stability measurement.[18]  

Evaluated the moisture sensitivity of asphalt mixtures that included discarded tire rubber 

pavement. the efficiency of altered asphalt blends, along with rubber crumb being the most 

commonly employed recycled material. Crumb rubber is incorporated into asphalt mixes at 

various proportions (0%, 2.5%, 5%, 7.5%, 10%, and 15% by weight of asphalt). One essential 

property of the asphalt mixture, known as moisture damage resistance, is affected by the 

introduction of rubber particles. The findings indicated that incorporating cr into the asphalt 

binder improved the marshall's stability. Specifically, adding 10% cr demonstrated significant 

enhancement, with a 30.25% improvement. The elevated values of TSR and irs indicated that 

the moisture resistance of the asphalt mixture was improved by incorporating cr. After adding 

7.5% of cr, the maximum values of TSR and irs both rose by 8.8% and 12.9% respectively. 

[19] 

To enhance the road's design and enhance its durability, different types of plastic waste can 

be incorporated. The waste plastic was utilized as a useful substance for binding purposes. It 

was used to encase the aggregates with waste plastic materials, add a small quantity of plastic 

to bitumen, and evaluate the characteristics of bituminous mix samples coated with waste 

plastic materials. Based on the data presented in the graph, a higher percentage of plastic 

(above 15%) leads to decreased compatibility with bitumen and weaker bonding. This 



ultimately reduces the stability of the modified bitumen and makes it less expensive than 

regular bitumen.[20] 

Studied the use of eco-friendly components in pavement design for enhancing bitumen 

quality. The researchers explain how different modifiers are used in this study and discuss 

their potential effects on the strength and hardness of bitumen and bituminous mixes. Various 

additives such as polypropylene, nano montmorillonite, nano-silica, nano-clay, high-density 

polyethene, styrene butadiene styrene (SBS), carbon nanotubes, graphene, graphene oxide, fly 

ash, cloister, exotherm, database rt, nano fill, rubber waste, and crumb rubber were employed 

to modify bitumen. The ratios of modifiers used in the research vary significantly, but the 

proportions of binders are typically consistent. According to the literature, it is indicated that 

attaining the right balance of modifiers would result in enhanced performance. However, the 

key to meeting the requirements of the perfect pavement and prolonging its lifespan lies in the 

careful selection of modifiers that align with the characteristics of the soil and environmental 

factors. Modifiers are mainly utilized to ensure that construction work can proceed smoothly 

and reduce the impact of temperature changes on pavement bitumen in operational conditions. 

The goals are mostly accomplished through the use of modifiers. As a result, modifiers 

contribute to improving the water resistance of the binder. The effectiveness of modifiers 

decreases when they are used too often, so it is not recommended to use them too frequently. 

[21] 

Has examined various factors related to maintenance patching on flexible pavements using a 

finite element model. The aim was to evaluate how the performance of pavement would be 

impacted by various repair parameters by utilizing the finite element method to analyze the 

viscoelastic properties of both the pavement and patching materials. The investigations 

primarily examined the distribution of strain in a horizontal direction, the concentration of 

shear stress in specific areas, and the resulting permanent deformation on the surface. The first 

model involved applying a static load to a surface layer attached to a plate. In the second 

model, a flexible pavement system consisting of two layers was subjected to repeated traffic 

loading. The results emphasize the importance of using a long-lasting method for patching. 

The results demonstrated the cumulative effect of repeated loading by utilizing a time-

dependent material response. The findings indicated that a circular zone performed better than 

a conventional rectangular patch, specifically for sizes that were similar to or smaller than the 

tire's contact area. Additionally, the findings demonstrated that a bigger area designated for 

patching led to a reduced impact on the shape of the specific area. The impact of choosing 



different materials in maintenance situations was shown by observing the various responses 

depending on the type of patching material used. [22] 

Assessed warm mix additives made of silicone that have been used to modify crumb rubber 

asphalt. The thickness of these crm binders was assessed at various rates of movement and 

levels of heat. Furthermore, the manufactured materials underwent various laboratory tests 

including the determination of softening point and penetration, multiple stress creep recovery, 

time sweep, atomic force microscopy, frequency sweep, and fourier transform infrared tests. 

These thorough and precise experiments demonstrated that the addition of tegoxp and 

addibitwma additives effectively decreased the viscosity of crm binders. However, the 

rheological characteristics of the binder were influenced in distinct ways due to the addition 

of Wma. Increasing the amount of warm mix asphalt (WMA) added to the binder resulted in 

an enhancement of the binder's surface roughness, which can be attributed to changes in the 

microstructure of the binder. The study ultimately found that the addition of TegXP and 

Addibit to the asphalt binder decreased its viscosity and improved its mechanical properties. 

[23] 

 Evaluating pavements improved through the utilization of geocells materials. This research 

showcases the different types of pavement sections which were subjected to numerous load 

tests, with some sections being reinforced with geocells and others remaining unreinforced. A 

steel tank measuring two meters by two meters was used to construct the model pavement 

sections. Stage construction was used to build the model components of the pavement. Geocell 

layers with different aspect ratios were placed at the meeting point of the subgrade and 

granular sub-base course layers in all parts of the geocell-reinforced pavement. To replicate 

the process of loading cars, haversine loading method was utilized. A hydraulic jack, capable 

of withstanding a 100 kilonewton (kN) load, was used at the upper part of the experimental 

area to exert a maximum pressure of 760 kilopascals (kPa). This pressure is equivalent to the 

amount of force a truck with just one axle and wheel would apply. It is also proven that geocell 

reinforcement decreases the occurrence of surface heaving. The reduction in plastic settlement 

is measured using a non-dimensional improvement factor. modifying the proportion and depth 

of the pavement between the range of 2.19–2.64. The highest decrease in rutting, reduced rps, 

minimized heaving, and improved factor are linked to a larger aspect ratio geocell (0.67), 

which is also associated with the highest improvement factor. Adding geocell to the contact 

between the subgrade and sub-base enhances the durability, resilience, and sustainability of 

the pavement. [24] 



Have reviewed the bitumen modification process for flexible pavement. This publication 

describes the various modifiers that have been applied by researchers and their possible 

impacts on bitumen's strength and durability. Low-density polyethene, high-density 

polyethene, fly ash, rubber, polypropylene, nanoparticles of silica and montmorillonite, 

cloister, nanofilm, exotherm, database rt, and crumb rubber are among the additives used. The 

authors' binder percentages are comparatively similar.The modifier percentages vary 

significantly, though. The best proportion of change only yields better results, according to 

the literature. To meet the specific requirements of the anticipated pavement life, it is crucial 

to select the modifiers based on the soil and climate conditions, even though their availability 

is also important. The findings demonstrate that bitumen's water resistance is enhanced by 

modifiers. Reducing the temperature sensitivity of bitumen during pavement operations and 

preserving workability during construction are the objectives. These objectives are 

miraculously achieved by modifiers. They also show that customised binders are less 

expensive than traditional binders. [25] 

Designed the flexible pavement with the help of irc: 37-2018. pav software are used to 

calculate the stress and strain values at various pavement levels. The pavement design is 

influenced by several variables, including wheel load, subgrade strength, climatic 

considerations, stress distribution, material properties, and environmental issues. The 

pavement design is influenced by several variables, including wheel load, subgrade strength, 

climatic considerations, stress distribution, material properties, and environmental variables. 

Several procedures are followed in the design, including data collection on traffic and sub-

grade soil CBR values. The club layer can take the place of the granular sub-base if the 

granular sub-base material is poor or absent. Perpetual pavement is the greatest option for 

really vital roads, however, not every highway design can use it due to the high initial cost 

necessary for the project.[26]  

Conducted a study on the impact of aggregate shape on the surface properties of flexible 

pavement. The objective of this article is to investigate the impact of the aggregate's shape on 

the surface properties of hot mix asphalt (HMA). The texture and friction properties of asphalt 

slabs have been assessed using the sand patch test, 3D laser scanner, and dynamic friction 

tester. The findings showed that there is a connection between the shape of the aggregate and 

the surface features of the hot mix asphalt (HMA). The findings of the investigation indicate 

that the roughness of the surface is a crucial factor in improving the friction between tires and 



pavement, making it one of the essential characteristics of the road. The overall form and 

arrangement of the aggregate greatly influence the texture of the pavement surface.[27] 

Conducted studies on developments in surface functionalization and modification to 

customize thin film and membrane properties using chemical vapor deposition methods.  The 

study paper aims to showcase several intriguing techniques for chemical and physical surface 

modification that can be applied to tailor the characteristics of membranes and thin films. The 

evolution of chemical vapour deposition (CVD) methods is addressed in detail to satisfy the 

need for materials with particular purposes. There is also discussion of crucial guidelines for 

selecting precursor materials, and modifying chemicals, and substrates for a successful CVD 

modification. All of them indicate that more time, energy, and resources should be dedicated 

to this field in order to make more cost-saving discoveries and resolve any lingering 

implementation-related problems, particularly those involving scale-ups.[28] 

The geocell-capable flexible pavement. This study aims to address the major issue of road 

ownership authority failing to maintain both paved and dirt roads and highways. Roads with 

improper design and construction have a much shorter lifespan, which causes traffic 

disruptions. In geocells, sand is used as the subgrade to reduce potholes, reflective crack 

formation, and settlements, thus enhancing pavement performance. It also brings down the 

cost of the pavement while it's being built. One technique for strengthening soft ground is 

geotextile reinforcement, which involves installing a continuous board- or belt-type element 

that creates friction and limits horizontal movement. Specifically, geocell, produced by 

geotextile for stabilisation and protection purposes, increases soft ground bearing capacity and 

tensile strength.Itis designed to be used on heavy-duty road surfaces, such as those on working 

platforms, ports, and trains. Sand, reclaimed asphalt, or regional soils are among the granular 

materials that are placed inside three-dimensional polymeric honeycombs called geocells. The 

strength and rigidity of a pavement layer are enhanced by this cellular confinement approach, 

which stops infill from moving and distributes loads over a wide region. Geocells are the ideal 

option for all types of ground reinforcement and soil stabilisation. The design of geocell-

reinforced pavement and a cost analysis about conventional flexible pavement are the focus 

of this study.[29] 

Conducted research to enhance the conventional composition of flexible pavement by 

incorporating additives. This article presents findings from a laboratory study conducted on 

modified bitumen containing SBS. Sbs polymer has been employed in different proportions, 



such as 2%, 3%, and 4%, with unmodified 50/70 penetration grade base asphalt. In addition, 

a study was carried out to compare and evaluate the mechanical characteristics of hot-mix 

asphalt (HMA), a blend composed of bitumen and SBS. The findings revealed that the 

characteristics of the polymer-modified HMA are affected by the amount of polymer present. 

The primary objectives of their research involve comprehension of the diverse characteristics 

of the materials utilized in the blend and determining how to enhance conventional asphalt by 

incorporating specific additional components. This research aims to evaluate the improved 

characteristics of bitumen when combined with SBS. Based on the test findings, it can be 

concluded that bitumen's properties enhance when sbs additives are incorporated. This 

suggests that using sbs as an additive has the potential to improve the standard mixture of 

bitumen.[30] 

Carried out studies on asphalt and asphalt modification, numerous studies have demonstrated 

the effectiveness of waxes in improving the bitumen-polymer compatibility as well as certain 

benefits for the production of warm-mix asphalt. [31] 

The study has investigated the utilization of both flexible and rigid pavement designs in 

construction. This study demonstrates the impact of road changes specifically designed for 

accommodating heavy commercial trucks carrying loads weighing up to 2350 KN. The aim 

of this technology is to decrease the stress on the vehicle, ensuring that it stays within the 

acceptable limits set for the surface beneath it. In addition, two sections of the roadway have 

been separated. In the first situation, the pavements are pliable, while in the second scenario, 

they are rigid. Both flexible and rigid pavements are widely recognized for fulfilling this 

function. Flexible pavement seems to be cautious when there is less traffic. A flexible 

pavement has a lifespan of approximately 15 years, but requires significant maintenance and 

incurs high costs. Despite the low initial expense, the subsequent maintenance costs 

compensate for it. Rigid pavements have a significantly longer lifespan compared to flexible 

pavements. They can last for about 40 years, which is twice as long as flexible pavements. 

They also require less maintenance.[32] 

Examined the case study on how altered and unaltered asphalt affected a surface layer. The 

purpose of this study was to demonstrate the sustainability of polymer modified bitumen as a 

pavement material using a case study from the state of Telangana. For the purposes of this 

experiment, two road segments were examined: one had a newly constructed BC layer made 

of viscosity-grade bitumen, and the other had a BC layer that had been resurfaced using PMB. 



The visual condition study of both pavement portions revealed that, after a year, the vg30 

pavement part had ravelled, but the pmb pavement portion remained in acceptable shape.In 

addition, as part of the laboratory studies, fourteen field core samples were obtained from each 

of the pavement sections. The other volumetric values were calculated and the bulk-specific 

gravity of the field core samples was measured using a bouncing balance. Using a Soxhlet 

apparatus, bitumen was extracted from BC field core samples. The extracted binder was 

subjected to rheology tests using a dynamic shear rheometer, and oxidative ageing was 

assessed using Fourier transform infrared spectroscopy analyses. The user analysis found that 

the pmb binder showed 34% stronger resistance to rutting and 50% higher resistance to 

cracking when compared to the vg30 binder. The FTIR experiments revealed that the pmb 

binder aged 50% more slowly.[33] 

Provided in his research on the application of glass fibres in flexible pavement and the 

evaluation of pavement. This study emphasises the usage of glass fibre to achieve the 

appropriate bituminous mix properties.  The authors underlined the need to obtain maximum 

bitumen content and maximum fibre content when discussing the intelligent usage of glass 

fibre. The outcomes of multiple parameter studies are obtained, including values for ductility, 

life span, and tensile strength. According to their research, the bitumen binder affects a flexible 

pavement's tensile strength. The incorporation of glass fibre into flexible pavement improves 

several properties, including as penetration, ductility, and stability.After adding glass fibres in 

quantities of 1%, 3%, and 5%, we saw that the penetration value improved by 40% to 55% as 

per the recommended value of irc: 80/100, leading to an improvement in strength. The 

addition of 5% glass fibre resulted in the highest penetration value of 35.33, while the addition 

of 1% glass fibre produced the lowest penetration value of 45.66. The ductility value increased 

significantly by 30% to 65%. A value of roughly 70 is suggested. The ductility value was 

found to be lowest at 1% addition of fibre at 96 and greatest at 3% addition of glass fibre at 

113. This demonstrates how its strength and resilience to large loads on the pavement lead to 

improved performance and an extended pavement life. In light of several factors, such as 

penetration value and ductility values, the best results were thus reached with an addition of 

3% fibre.[34] 

Carried out pavement maintenance management systems overlay design techniques. For 

pavement maintenance management systems (pmmss), overlay thickness design curves and a 

flexible pavement rehabilitation technique are given. The existing methodology is easily 

implementable as a subsystem inside the generic PMMSs and provides rapid network-level 



solutions for economic evaluation and rehabilitation priority order determination of vast road 

networks. The overlay curves displayed here illustrate the link that exists between this index 

and the overlay thickness. The recommended approach has the advantage of being able to be 

a part of a bigger PMMS.[35] 

Conducted an assessment of the tyres' dynamic behaviour on concrete pavement. This study 

examines the energy generated as a tyre rolls over a solid pavement surface, its dispersion into 

the surrounding area, and its partial absorption by the tyre. The findings suggest that more 

attention should be paid to the energy generated by the pavement's textures rather than any 

energy lost due to other factors. The pavement's roughness is essentially a sequence of patterns 

drawn in a transverse orientation to the direction of motion. Nevertheless, this has led to an 

abrupt increase in energy production, which is the cause of the tyre bursting issue. During 

tests that were conducted for analysis on the spot, the initial and final tyre pressures were 

noted. The kinetic theory of gases has provided the kinetic energy of the contained gas before 

and after the test. They calculated the final temperature by applying Gay-Lussac's law, which 

states that an increase in tyre pressure will inevitably result in a temperature rise. Two further 

elements that affect contact area and friction analysis are low inflation pressure and worn 

tyres.[36] 

The text talks about a demonstration on using a mechanical-empirical design method to assess 

the effectiveness of geogrid in flexible pavement. The analysis of the geogrid structure can be 

done using mepdg to predict the performance of rutting with geogrid reinforcement. The use 

of geogrid in pavement significantly improved its durability and lifespan. The inclusion of 

geogrid reduced the formation of ruts, leading to a longer-lasting pavement. [37] 

Conducted an experimental investigation utilising waste materials to modify asphalt 

pavement. The primary objective of the project is to optimise road performance and minimise 

costs with the use of different waste materials like motor oil, coal fly ash, and used tyres. 

According to the current study, bitumen's properties must alter when crumb rubber is added 

at amounts of 5%,10%, and 15%. The crumb rubber increases additional binding strength and 

enhances the bitumen mix's flow, stability, and elastic character. Fly ash from coal is used as 

a filler to improve the workability and durability of the asphalt mix. As a result, fly ash fillers 

(4%, 8%, or 12% of the aggregate's weight) must be added to conventional bituminous mixes 

using stone aggregate. The improved asphalt mix is subjected to performance tests using 

Marshall stability. The test results showed that adding spent engine oil to the combination 



reduced the sulfoxide and carbonyl indices, essentially adding maltenes to the binder structure. 

The viscosity should decrease and the likelihood of rutting should increase when oil is 

introduced because themaltenes contribute to the binder's ability to flow and softness.[38] 

In layers of sturdy, temperature- and frost-resistant monolithic materials that offer prolonged 

usage. The peculiarities of applying various types of modifiers to bitumen are discussed in the 

study. It highlights their benefits and drawbacks as well as the significance of picking the 

bituminous and mineral mixture's makeup. A microstructure is created when bitumen and 

additives are mixed, and it shows the quantitative ratio, distribution, and interaction of the 

binder and the bitumen's most active component. The investigation of bitumen preparation 

techniques using polymer modifiers has demonstrated that these techniques typically include 

raising the process temperature and vigorously mixing the constituent parts. Thermoplastic 

polymers, whether crystalline or amorphous, enter a viscous state when heated, and bitumens 

soften when heated. Utilising recycled building materials and industrial waste is a challenge 

that is resolved through the use of modifiers.[39] Impact of pavement performance on the 

gradation of the cold patch asphalt mixture. There is additional discussion of how pavement 

performance is affected by cpam gradient. Three different kinds of cpam mineral 

gradationsthe original strength test, the moulding strength test, the cohesion test, and the anti-

stripping testare created for the performance trials. Gradation should be examined in multiple 

ways as it is fundamental to specifications. Even when the same asphalt content, material, and 

building technology are employed, there is often a significant variance across the various 

cpam gradations.[40] 

Implemented a layer of asphalt rubber mixture in order to decrease the occurrence of reflective 

cracking. The laboratory experiments utilized the four-point bending apparatus and the 

reflecting crack instrument. By employing the finite element method, numerical calculations 

were performed to determine the von Mises strain, and from these, formulas for fatigue and 

reflected cracking were derived. The asphalt rubber combinations that were tested showed 

significantly greater resistance to reflective cracking compared to the usual ones, with a nearly 

eight-fold increase. Both combinations of asphalt rubber exhibited greater resistance to 

reflection cracking when compared to hot mix asphalt. On the other hand, a regular asphalt 

overlay would only last one-sixth as long as an asphalt rubber overlay when it comes to 

withstanding damage.[41] 



Established the flexible pavement structural assessment as well as the rehabilitation and 

upkeep of the pavement. In this study, the performance of a road stretch was evaluated using 

the falling weight deflectometer (fwd) and kgpback. Analyse the deviation at particular union 

territory locations in response to an applied load. A dynamic load utilisingfwd was applied to 

an existing pavement in Dadara-nagar, Silvassa Haveli, India, and the pavement's response to 

the load was measured. Using the kgpbackprogramme and the acquired deflection values, the 

elastic moduli of the simulated layers of the pavement were then calculated. The collected in-

situ elastic moduli were then used to generate the pavement overlay using the 

iitpaveprogramme. The choice to rebuild the pavement entirely was taken when oneAfter an 

overlay was applied, a significant amount of the road cracked. A cost comparison is then 

performed to see whether the maintenance and rehabilitation method is cost-effective. This 

study emphasises how important it is to monitor deflection using force-feedback devices 

(fwds), as they provide a force pulse form that is often more accurate at simulating moving 

wheel loads than other technologies. The findings of this study also enable us to conclude that 

fwd can be used in pavement design and maintenance as a granular layer, bt, and subgrade 

strength assessment tool.All of the study indicates that traffic loading, the surrounding 

environment, age, composition, construction quality, and drainage are the factors that have 

the most effects on the pavement's design life and shorten it. The study discovered that 

temperature variation for bound layers and seasonal fluctuation for unbound layers need to be 

rectified since they affect deflection data to obtain accurate deflection values. The deflection 

values that are dependent on the pavement's climate and topography must be adjusted with 

this adjustment.[42] 

This investigation utilized an integrated vehicle-tire-pavement interaction technique to study 

the impact of dynamic loading on flexible pavement responses at various vehicle speeds and 

pavement roughness levels. The complete truck models were used to calculate the vertical tyre 

forces caused by varying degrees of pavement roughness. In order to forecast how well a 

pavement will withstand varying stresses from tires that make uneven contact, an advanced 

three-dimensional finite element model was developed. The study's findings established both 

maximum and minimum limits on how pavements respond to dynamic loads, which can be 

applied to the mechanistic-empirical design of pavements. The pavement responses to 

dynamic stresses were analyzed in this study while considering the actual interactions between 

vehicles, tires, and the pavement using the models.[43] 



A research was conducted on the swift and uninterrupted alteration of the surface of PAN-

based carbon fibers using atmospheric plasma. In this study, the surface of pan-based carbon 

fibres was effectively and swiftly transformed by employing a continuous atmospheric plasma 

system. When the treatment duration of plasma was brief, lasting less than 15 seconds, its 

primary impact was to physically scrape the surface of CFS. This resulted in a rapid 

deterioration of the illness. Increasing the duration of the plasma treatment further enhanced 

the bonding of oxygen-containing functional groups to the surface of the cfs. However, it did 

not accelerate the rate at which ilss developed. A low-pressure plasma was employed to create 

the atmospheric plasma, which had a significantly reduced level of energy intensity compared 

to the dielectric barrier discharge method. Therefore, a method of plasma treatment for CFS 

was introduced. The only carbon atoms that underwent etching were the ones located on the 

graphitic plane, as the ambient plasma was not powerful enough to etch all carbon atoms on 

the surface of CFS simultaneously. Afterward, oxygen-containing functional groups were 

attached to the carbon sites that were left exposed by the etching process. Additional research 

was carried out to gain a more comprehensive comprehension of this phenomenon by 

examining the chemical and physical compositions of the cfs.[44] 

Paps generally exhibit a reduced likelihood of frost damage in comparison to impermeable 

pavements. This is due to their shallower penetration of frost and their faster adaptation to 

mild temperatures. In areas where the risk of frost damage is low, it is acceptable to use a pap 

thickness design that exceeds 65% of the frost depth in that specific location. In regions where 

the soil is highly susceptible to frost, it is recommended to construct the entire thickness of 

the pavement to align with the depth at which frost penetrates the ground.[45] 

Coconut fibre is incorporated into an asphalt mixture to enhance its fatigue resistance by 

acting as a modifier for the bitumen. The aim of the research is to evaluate the effectiveness 

of coconut fibre as an additive in bitumen with a penetration grade of 60/70. In this study, the 

researchers used concentrations of 0.5%, 0.75%, and 1% to evaluate the effect on the asphalt 

mixture. The indirect tensile fatigue tests were used to determine the life cycle of the sample. 

The results showed that increasing the amount of coconut fibre will improve the physical 

properties of bitumen and extend the lifespan of the asphalt mixture. In this study, the most 

favourable result was achieved using a 1% concentration of coconut fibre. [46] 

The text states that there is no difference between RMB and PMB, making RMB suitable for 

binder modification. This conclusion is drawn from comparing two products of crumb rubber-



modified bitumen and one product of polymer-modified bitumen. The comparison found that 

the samples made with PMB and crmb showed similar behaviour at low temperatures. In 

general, it is important to acknowledge that the method has varying effects on the bitumen.[47] 

ADVANTAGES: 

• Improved durability: Surface alterations strengthen bitumen's resistance to 

deterioration brought on by traffic volume and environmental conditions 

• Enhanced skid resistance: Some changes can make the road surface more resistant to 

skids, which lowers the chance of collisions, particularly in icy or rainy weather. 

• Increased resistance to ageing: modifications can slow down the aging process of 

bitumen, extending the lifespan of the road and reducing the frequency of maintenance 

and repairs. 

• Weather resistance:certain adjustments make bitumen roads more resilient to the 

elements, including precipitation, high temperatures, and ultraviolet light. 

• Reduced cracking: surface modifications can decrease the likelihood of cracking, which 

is crucial for maintaining the structural integrity of the road over time. 

 

DISADVANTAGES: 

• The usefulness of rubber and coconut fibers lies in their ability to improve material 

properties, promote sustainability, and provide cost-effective solutions in various 

industries, from construction to environmental conservation. 

• Maintenance challenges: depending on the modification, maintenance may require 

specific expertise, and finding suitable materials for repairs could be challenging. 

Complex application: some modification processes may require specialized equipment 

and skilled personnel, making them more complex to apply compared to conventional 

methods. 

• Cost: implementing surface modification techniques can be expensive, impacting the 

overall cost of road construction or maintenance. 

 

ENVIRONMENTAL CONCERN: 

The environmental impact, however, might differ depending on a number of variables, 

including local environmental conditions, transportation routes, and the precise 

composition of the pavement mix. Furthermore, in order to guarantee that these 

materials fulfil engineering and safety requirements while offering the intended 



environmental advantages, a detailed analysis of their performance in pavements is 

necessary.When considering these changes, a life cycle assessment is required to 65 

completely examine through manufacturing. Transportation, as well as disposal at the 

end of life. As a result, the overall sustainability of the selected materials and methods 

will be better understood. 

  Because coconut fibres are organic and biodegradable, they are typically considered 

environmentally beneficial. On the other hand, variables such as the particular makeup 

of the pavement mix and ambient circumstances can affect how quickly materials 

decompose.Coconut fibre, a renewable resource, is the source of coconut fibre. 

Building sustainably can benefit from the use of renewable resources. 

Recycled tyres are a common source of rubber fibres for pavement building. Recycling 

is encouraged and the environmental impact of waste tyres is lessened when recycled 

components are used. Rubber fibres can increase pavement's longevity and resilience, 

lowering the need for regular replacements or repairs. Thus, resource conservation may 

benefit from this as well. 

Certain surface modification techniques that make use of rubber and coconut fibres 

might use less energy than more conventional procedures, which would increase energy 

efficiency and lower carbon emissions.When compared to alternative materials, surface 

modification techniques that use these fibres may have a reduced overall carbon 

footprint depending on how they are produced and transported. Reducing the need for 

virgin materials through the use of rubber and coconut fibres in flexible pavement 

changes can encourage the sustainable use of resources. By increasing permeability, 

certain surface alterations might lessen the likelihood of problems with water runoff 

and enable better stormwater management. 

 

CONCLUSION: 

The results of the investigation verify that the fibres may effectively increase the 

flexible pavement's strength.  The mechanical qualities of asphalt have improved with 

the positive results of incorporating rubber and coconut fibres into bituminous mixtures. 

The asphalt mix's increased flexibility, fatigue resistance, and crack resistance are 

facilitated by the presence of natural fibres. The use of coconut and rubber fibre in 

bituminous materials is a practical and efficient strategy to improving pavement 

performance and longevity, which may have good implications on infrastructure and 

environmental sustainability. The use of coconut and rubber fibres in bituminous 



mixtures demonstrates their ability to improve material properties. These natural fibres 

provide sustainable substitutes by enhancing the strength, flexibility, and durability of 

many materials.After conducting the marshall stability test on the sample. The sample 

faces failure at the load of 3.9 kg. That’s why it is concluded to change the percentage 

of material to achieve greater strength. 
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