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ABSTRACT 

It is critical to protect the world for future generations. It is helpful for the environment if we use recycled 

material in different ways. Since we are creating new items from old ones that are no longer useful to us. If 

garbage is not recycled, it may have a harmful influence on our environment in a variety of ways. Thus, by 

incorporating these materials into flexible pavements, we may significantly reduce our environmental impact. 

A study was done to replace the different low cost materials in the flexible pavement to find out the impact on 

the strength and various parameters of the pavement. Around five different materials were taken and cycling 

loading test was performed on the five tracks. It was found that by incorporating different materials in the 

pavement a significant increase in the strength is achieved.  
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1. INTRODUCTION 

Pavement is a term used in civil engineering to describe the long-lasting surface of a road, airfield, or other 

comparable area. A pavement's principal role is to convey loads to the sub-base and underlying soil. Rigid and 

flexible pavements are the two most common types of pavements. Rigid pavements are made of cement, concrete, 

or reinforced concrete slabs. Grouted concrete roads are classified as semi-rigid pavements. The rigid pavement 

design is centred on providing a structural cement concrete slab of adequate strength to withstand traffic stresses.  

1.1 Why to use Alternative Materials? 

Alternative materials have several practical applications in fields such as sustainable building and engineering. The 

primary goal of employing such materials is to reduce the negative impacts that our built environment can have on 

the environment while boosting the efficiency and flexibility of the constructions. 
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Many transportation authorities, private groups, and researchers are doing significant waste material investigations 

and research projects involving feasibility and environmental compatibility. The amount of garbage produced has 

risen year after year, and disposal has become a severe issue. It is necessary to utilize the, wastes effectively with 

technical development, in each field.Reinforcement of soils with, natural and synthetic fibres is, potentially an 

effective technique for increasing, soil strength. In recent years, this technique has been, suggested for a variety, of 

geotechnical applications, ranging from retaining structures, earth embankments and, footings to subgrade/subbase 

stabilization of pavements. 

1.2 Benefits of Using Low Cost Recycled Materials. 

It is critical to protect the world for future generations. It is helpful for the environment since we are creating new 

items from old ones that are no longer useful to us. If garbage is not recycled, it may have a harmful influence on 

our environment in a variety of ways. Thus, by incorporating these materials into flexible pavements, we may 

significantly reduce our environmental impact. 

1. Recycling helps, protect the environment 

2. Recycling reduces, pollution 

3. Recycling is, environment-friendly 

4. Recycling is, crucial for Protecting ecosystems and wildlife 

5. Reduce the Size, of Landfills 

6. Conserve, Natural Resources 

7. Saves, Money 

8. Saves Energy 

9. Stimulate the, Use of Greener, Technologies 

10. Recycling reduces, incineration 

 The benefits of using low, cost materials in flexible, pavement include: 

a) Improving the load bearing capacity of the asphalt pavement by spreading the traffic load across a wider area of 

the surrounding ground 

 b) Increasing the rutting resistance of the granular layer and the sub - grade by restricting lateral displacement in 

the granular layer. 

c) Enhancing the fatigue resistance of the asphalt or concrete layers by stiffening the unbound granular layer and 

minimising dynamic pavement deflections. 

d) The increase in architectural qualities caused by the presence of discrete fibres is determined to be a function of a 

number of factors such as fibre type, fibre length, density, and orientation. 
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2. OBJECTIVES OF THE STUDY 

An effort has been made to performance characteristics of a reinforced fly ash sub-base layer reinforced with 

various materials such as Asphalt Coated Chicken Mesh, Bitumen Coated Bamboo Mesh, and Plastic Products in a 

simulated flexible pavement structure built on expansive soil subgrades. Dynamical load testing were performed by 

putting a round, metal frame directly on the flexible, subgrade pavement. Given the expensive cost of geogrids, 

other materials such as bamboo mesh and waste plastics were investigated for use as reinforcing materials. 

Main objectives were as: 

1. Exploring the mechanical characteristics of flexible pavements with various materials added. 

2. To assess the change in the characteristics of flexible pavements, therefore limiting the creation of cracks and, as 

a result, the maintenance. 

3. To employ low-cost resources wastes in flexible pavements, reducing the buildup of non-biodegradable wastes. 

4. To meet the primary needs of flexible pavements, which are cost effectiveness and pollution reduction. 

3. LITERATURE REVIEW 

Al Qadi did a study on roads and the relationship of various materials with it in 2005, and it was discovered that 

there are numerous materials that can increase the fatigue life of the pavement. He proposed that by utilising steel in 

the pavement, the strength of the pavement might be increased thrice without any reinforcing. 

 

Likewise, Bondt a researcher, conducted another study in the year 2006, and after studying the various effects of 

reinforcement, components in the pavement, he tried to suggest that there are many benefits of using reinforcement 

in the pavement and discussed them as growing the load carrying, potential of the pavement, system by distributing 

the traffic, load onto a larger area of the underlying soil, increase resistance to permanent, deflection of the 

pavement 

Montepara conducted extensive research in 2012 on the use of various materials in pavements to increase their 

strength, and he proposed that using steel nets in the pavements, the pavement's strength increased significantly, and 

there was a significant reduction in the formation of ruts in the pavements. 

Abu Vaidconducted a study on the pavement and the role of steel fibres in 2011 and discovered that the higher the 

tensile modulus of the pavement, the greater its resistance to wear and tear. 

Elsifii (2010) discovered that, because there is always the risk of having less strength and the creation of cracks and 

ruts in pavement constructions owing to a lack of reinforcement, one may utilise reinforcement in the sub-base to 

improve the quality of the pavement. 

 

On the basis of laboratory, experiment data, and mathematical formulations, Baba et al. (2008) created a design, 

methodology, and guidelines for the design of geotextiles reinforced roads following IRC guidelines. 

 

Dhule et al 2011 conducted a geogrid research and proposed that if the road's sub-grade soil is modified by the 

inclusion of geotextile materials in various percentages, i.e. 1 percent, 2 percent, 2.5 percent, and 3 percent, there is 

a relative improvement in soil attributes. Also, geogrid, when geogrid is utilised in a mix of soil and 2% cement in 
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various proportions to evaluate its effects. With these efforts, it will be feasible to identify optimal mixtures that 

will be employed for future building in order to reach the appropriate levels of stability and economy. 

 

According to Pekati et al 2019, the Geogrid layer has significant frictional resistance to counteract subgrade lateral 

movement. As a result, this technique boosts the layer's bearing capacity. Reduced external stresses result in the 

formation of inward pressures, which is the reason for the rise in bearing capacity. 

 

4. EXPERIMENTAL STUDY 

Selection of material and methodology are the first, criteria for any type of, experimental investigation. To know, 

the various properties, many tests were, conducted on different materials. Following materials, were used for 

conducting, the experiment. 

4.1Materials 

a. Soil:  

The sub - grade serves as the core material for the pavement construction, as interstate pavements eventually rest on 

native soil (subgrade). As a result, the properties of the subgrade influence the strength and durability of concrete. 

The investigation was carried out using soil taken from several places of the Jammu region. 

 

TABLE 1: PROPERTIES OF SOIL 

Properties Values 

 

WL 74 % 

WP 34 % 

WS 13 % 

OPTIMUM MOISTURE CONTENT 24 % 

MAXIMUM DRY DENSITY 15.5 KN/m
3 

PERMEABILITY 1.5× 10-6 cm/sec 

SOAKED CBR 1.9 % 

 

b. Fly Ash: 

Fly ash is a finely split residue produced by the burning of pulverised coal and transferred from the combustion 

process by exhaust gases. Coal-fired power and steam generating plants generate fly ash. Traditionally, coal is 

crushed and pushed into the boiler's combustion process with air, where it quickly ignites, creating heat and a 

molten mineral residue. 
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TABLE 2: PROPERTIES OF FLY ASH 

Properties Values 

MAXIMUM DRY DENSITY 12.3 KN/m
3 

OPTIMUM MOISTURE CONTENT 23.6 % 

PERMEABILITY 0.46 × 10
-6

 cm/sec 

SOAKED CBR 3.9 % 

 

c. Gravel 

Gravel is described as an aggregation of more or less rounded, coarser rock particles than sand (i.e., more than 2 

mm [0.08 inch] in diameter). Aggregate beds may include stacks of heavy metallic ore minerals, such as marcasite 

(a key source of tin), or native metals, such as gold, in the form of nuggets or flakes in some areas. Gravels are a 

common construction material. 

Gravel fragments range in size from pebbles (4–64 mm [0.16–2.52 inches] in diameter) to cobbles (64–256 mm 

[2.52–10.08 inches]) (larger than 256 mm). The rounding of gravel occurs as a result of abrasion in the course, 

transport by streams, or milling by the sea. 

TABLE 3: PROPERTIES OF GRAVEL 

Properties Values 

WL 36 % 

WP 19 % 

OPTIMUM MOISTURE CONTENT 13 % 

SOAKED CBR 7.3 % 

MAXIMUM DRY DENSITY 
17.9 KN/m

3 

 

d. GEOGRID: 

Geogrid is a dynamic mesh used to construct a reinforced cohesive mass. Geogrids are geosynthetic materials that 

are utilised as reinforcing elements in the building industry. It may be utilised in soil reinforcement or retaining wall 

reinforcement, and numerous applications of the material are on their way to flourishing. The significant demand 

for and application of Geogrids in construction is owing to their high tensile strength and ability to distribute load 
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over a vast area. 

Geogrids, a type of geosynthetic material, are polymeric goods produced by intersecting grids are polymeric, 

products which are, formed by means, of intersecting grids. The polymeric, materials like polyester, high-density 

polyethylene and polypropylene, are the main composition, of geogrids. 

TABLE 4: PROPERTIES OF GEOGRID 

Properties Values 

Brand Ocean Global 

Aperture Size 8 mm × 6 mm 

Tensile Strength 7.11N/m 

 

e. Chicken Mesh Wire 

Chicken wire has unique qualities that make it ideal for plastering. A sturdy honeycomb mesh structure is generated 

by twisting two neighbouring wires at least four times. As a result, it has a great strength and durability. Even if a 

section of the chicken mesh construction is severed, the complete system will not be destroyed. When used for 

plastering, the thermal expansion coefficients of the plaster layer and the reinforcing metal layer vary. 

 

TABLE 5: PROPERTIES OF CHICKEN MESH 

Properties Values 

Tensile Strength 8.25 KN/m 

Aperture Size 2 mm × 2 mm 

 

f. Bamboo Mesh: 

Bamboo is used as a construction material for scaffolding, bridges, homes, and structures. Bamboo, like wood, is a 

made of lightweight material with a high strength-to-weight ratio that may be used in building projects. Bamboo 

has a similar resilience ratio to lumber, and its strength is typically comparable to that of a strong softwood or 

hardwood timber. 
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TABLE 6: PROPERTIES OF BAMBOO MESH 

Properties Values 

Tensile Strength 8.25 KN/m 

Aperture Size 2 mm × 2 mm 

 

3 Waste Plastic: 

Plastic waste virgin and non-virgin was used to find out whether it improved the strength of the pavement or not. 

4.2 TESTING 

To begin the investigation, numerous tracks of various alternative materials were created on an expansive dirt 

subgrade. To a depth of 0.7 m, tests with dimensions of 2.5 m long and 1 m broad were conducted. The dirt was 

allowed to dry before being crushed. The crushed, expanding soil was combined with water at Ideal Moisture 

Levels and deposited in the excavated pit in 10 levels, each layer 0.05 m in compacted thickness, for a total 

thickness of 0.5 m. Material combined with water, content at Ideal Moisture Levels, was spread in two layers, each 

0.075m thick, for a total thickness of 0.15m on the prepared, subgrade flyash sub-base. 

Geogrid and Bitumen Coated Chicken Mesh were used as reinforcing materials. The initial compacted layer of each 

hole was preserved above by Bitumen Coated Bamboo Mesh. The reinforcing materials (optimum proportion based 

on laboratory, Shear, and CBR) were equally dispersed throughout the sub-base material for the Waste Plastic 

stretches. On the prepared sub-base, two layers of WBM-II, each 0.075m thick, were compacted to a total thickness 

of 0.15m using crushed stone aggregate ranging in size from 45mm to 63mm with murrum as a binding ingredient. 

Compaction was accomplished with a hand-operated roller. 

c. RESULTS OBTAINED 

Case 1: Simple Fly-Ash Sub-base. 

The first test was performed on a standard pavement with simply a flyash sub-base and no other materials, and the 

results are shown above. It suggested that the pavement was not sufficiently sturdy. Pavements that lack sufficient 

reinforcing elements cannot tolerate significant strain. 
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                               Figure 1 

                               Total Deformation of Fly ash Sub-base 

 

 

 

 

 

 

 

 

 

 

 

 

                    

                   Figure 2 

                   Elastic Deformation of Fly ash Sub-base 

 

Case 2: Bitumen Coated Chicken Mesh 

 

After Simple flyash Bitumen coated chicken mesh was embedded in the subbase of the pavement along with the 

flyash and following results were obtained. 
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                                 Figure 3 

                                 Total Deformation of Bitumen coated chicken mesh 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                 Figure 4 

                                 Elastic Deformation of Bitumen Coated Chicken Mesh 

 

 

 

 

 

 

 

 



 
North Asian International Research Journal of Sciences, Engineering & I.T.  ISSN: 2454 - 7514     Vol. 7, Issue 12, Dec. 2021 

 
 

North Asian International research Journal consortiums www.nairjc.com 

 
15 

 

 

Case 3: Geogrid Mesh 

 

 

 

 

 

 

 

 

 

 

 

 

                        Figure 5 

                        Total Deformation of Geogrid mesh 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                         Figure 6 

                         Elastic Deformation of Geogrid Mesh 
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Case 4:  Bamboo Mesh 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                     Figure 7 

                    Total Deformation of Geogrid mesh 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                      Figure 8 

                                      Elastic Deformation of Bamboo Mesh 
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Case 5:  Waste Plastics 

 

 

 

 

 

 

 

 

 

 

 

 

                           Figure 9 

                           Total Deformation of Waste Plastics 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                           Figure 10 

                           Elastic Deformation of Waste Plastics 
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               Comparison of Total Deformation 

               Figure 11 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                  Comparison of Elastic Deformation 

                  Figure 1 

 

 

d. RECOMMENDATION AND CONCLUSION 
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General 

Following conducting cyclic loading tests on various materials, it was discovered that the ability to withstand load 

in the pavement was greatly boosted after the introduction of various materials. Geogrid operated admirably and 

produced outstanding results. Bitumen Coated Chicken Mesh produced decent outcomes, but not as well as the 

earlier. Similarly, additional materials contributed significantly to the pavement's stability. 

Environmental Impacts 

Pollution is an issue that Mother Nature is dealing with. We may simply lessen the mess on our world by employing 

resources wisely in building. Based on the research, it is easy to infer that plastic and its by products, which are 

damaging to the environment in every manner, may be put to use in flexible pavements, assisting in the 

development of an eco-friendly environment in our surroundings. 

Increased Strength 

It was observed that the strength of the pavement got significant increase after inclusion of various materials. 

 

 

                                                Figure 13: Comparative Analysis of Strengths  

 

 

 

e. CONCLUSION AND FUTURE SCOPE 

1. The talks revealed that low-cost materials may be employed to significantly boost the strength of flexible 

pavement. 

2. Plastic, rubber, and other non-biodegradable substances may be simply utilised in the pavement to lessen 

the environmental mess they generate. 

Only Flyash Geogrid Chicken 
Mesh

Bamboo 
Mesh

Plastic 
Scrap

Comparative Analysis of Strength
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3. The findings revealed that geogrids, Chicken Meshes, and plastic materials are quite good in increasing 

the strength of road pavements. 

4. The most efficient strategy to prevent pollution generated by these plastic items is to employ them in 

road building. 
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