International Journal of Engineering, Science and Mathematics
Vol. 12 Issue 6, June 2023,
ISSN: 2320-0294 Impact Factor: 6.765

Journal Homepage: http://www.ijesm.co.in, Email: editorijmie@gmail.com
Double-Blind Peer Reviewed Refereed Open Access International Journal - Included in the International Serial Directories Indexed &
Listed at: Ulrich's Periodicals Directory ©, U.S.A., Open J-Gage as well as in Cabell’s Directories of Publishing Opportunities, U.S.A

Addressing Plastic Waste in Geosynthetic-Reinforced Flexible
Pavements: A Review of Sustainable Construction Practices

Name - MAINAZ BEE
Guide Name - Mr. Rajat Kumar Kanaujia
Asst Professor, Civil Department, Rajshree institute of Management and Technology,
Bareilly, UP, India
Abstract

The accumulation of plastic waste has become a pressing environmental concern
worldwide, necessitating urgent efforts to mitigate its impact. This review aims to explore
sustainable construction practices for geosynthetic-reinforced flexible pavements as a
means of addressing the plastic waste problem. Flexible pavements, widely used in road
infrastructure, are known to consume significant amounts of non-renewable resources and
generate considerable waste during construction and maintenance.This study investigates
the potential of incorporating plastic waste materials into geosynthetic-reinforced flexible
pavements, aiming to minimize resource consumption, reduce plastic waste accumulation,
and enhance pavement sustainability. The review examines recent research and practical
applications related to the utilization of plastic waste in pavement construction.Several
sustainable construction practices are discussed, including the use of recycled plastic
aggregates, reclaimed plastic fibers, and geosynthetics made from recycled plastics. These
practices offer a promising solution by effectively utilizing plastic waste while maintaining
or improving pavement performance.

Introduction

Plastic waste has become a global environmental crisis, posing significant challenges to
ecosystems and human health. The construction industry, in particular, is a major
contributor to this issue due to the extensive use of non-renewable resources and the
generation of substantial waste. In the context of road infrastructure, flexible pavements
play a crucial role in transportation networks but also contribute to resource depletion and
waste accumulation.

This review focuses on sustainable construction practices for geosynthetic-reinforced
flexible pavements as a means of addressing the plastic waste problem. Geosynthetics,
such as geotextiles and geomembranes, are widely used in pavement engineering to

enhance performance, stability, and durability. By incorporating plastic waste materials
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into geosynthetic-reinforced flexible pavements, it is possible to mitigate resource
consumption, divert plastic waste from landfills, and promote a more sustainable approach
to road construction.

The utilization of plastic waste in pavement construction presents an opportunity to tackle
two critical issues simultaneously: the need for sustainable infrastructure and the reduction
of plastic waste. By reimagining the value of plastic waste materials, they can be
transformed into valuable resources that contribute to the circular economy. This review
aims to provide a comprehensive overview of recent research and practical applications
related to the incorporation of plastic waste in geosynthetic-reinforced flexible pavements.
It explores various sustainable construction practices that have been proposed and
implemented, highlighting their potential benefits and addressing the challenges associated
with their adoption. The review also emphasizes the importance of considering key factors
such as material characterization, mechanical properties, durability, and environmental
impact when incorporating plastic waste into pavement construction. Understanding these
factors is crucial to ensure the long-term performance and sustainability of the
geosynthetic-reinforced flexible pavements.

This review identifies the need for collaborative efforts among researchers, engineers,
policymakers, and waste management authorities to develop standardized guidelines and
specifications for the sustainable utilization of plastic waste in road infrastructure. By
establishing clear frameworks, it becomes possible to promote the widespread
implementation of sustainable construction practices in the industry.

Ultimately, the successful integration of plastic waste in geosynthetic-reinforced flexible
pavements has the potential to not only address the plastic waste crisis but also enhance the
sustainability of road infrastructure. This review serves as a valuable resource for
researchers, practitioners, and policymakers involved in pavement engineering,
highlighting the opportunities and challenges associated with incorporating plastic waste
into flexible pavement construction.

Need of the Study

The study on addressing plastic waste in geosynthetic-reinforced flexible pavements is
driven by the need to tackle the global plastic waste crisis and promote sustainable
practices in the construction industry. Plastic waste has become a significant environmental
concern, with large amounts of plastic ending up in landfills and polluting natural
ecosystems. The road construction sector, in particular, contributes to this issue through the

consumption of non-renewable resources and the generation of significant waste during
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pavement construction and maintenance.The need for the study arises from the potential of
geosynthetic-reinforced flexible pavements to serve as a sustainable solution to the plastic
waste problem. Geosynthetics, such as geotextiles and geomembranes, are widely used in
pavement engineering to enhance performance, stability, and durability. By incorporating
plastic waste materials into these geosynthetics, it is possible to reduce the consumption of
virgin materials, divert plastic waste from landfills, and promote the circular economy. The
study aims to explore the feasibility and effectiveness of utilizing plastic waste in
geosynthetic-reinforced flexible pavements. It seeks to identify sustainable construction
practices that can effectively integrate plastic waste materials while maintaining or
improving pavement performance. The study also aims to address the challenges
associated with the incorporation of plastic waste, such as material compatibility,
mechanical properties, durability, and long-term performance evaluation.

Flexible pavements

Flexible pavements, also known as asphalt pavements, are a widely used type of road
surface that offers several advantages. These pavements consist of multiple layers, each
serving a specific purpose to ensure durability and stability. The construction of flexible
pavements begins with a subgrade layer, which is the natural soil or compacted fill
material that forms the foundation. On top of the subgrade, a sub-base layer is added to
provide additional support and distribute the load from traffic. The base course follows,
consisting of a thicker layer of durable materials like crushed stone or gravel, which further
strengthens the pavement structure. The binder course comes next, composed of a mixture
of aggregate and asphalt binder. This layer provides a smooth and resilient driving surface
and helps to distribute the load evenly. Finally, the top surface course is added, which is
composed of high-quality asphalt mixtures designed to provide a skid-resistant and durable
driving surface. Flexible pavements offer numerous benefits. They are cost-effective to
construct, require less initial investment compared to rigid pavements, and can be easily
repaired and maintained. Their flexibility allows them to distribute heavy traffic loads,
resulting in a smoother ride for vehicles. Additionally, they exhibit good durability, with
the ability to withstand variations in climate and heavy loads. However, flexible pavements
also have limitations. They may require more frequent maintenance compared to rigid
pavements, and they can be susceptible to deformation such as rutting and cracking. Proper
design, construction, and maintenance practices are essential to ensure their long-term

performance.
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Literature Review

Gawande, A. et al (2012) The increasing accumulation of plastic waste poses a significant
environmental challenge worldwide. Asphalting of roads, a crucial aspect of infrastructure
development, contributes to both resource consumption and waste generation. This review
aims to provide an overview of the utilization of waste plastic in the asphalting of roads as
a sustainable solution to address these issues. The review examines recent research and
practical applications related to the incorporation of waste plastic materials, such as plastic
bags, bottles, and packaging, into asphalt mixtures. These waste plastics, when properly
processed and added to asphalt, can enhance the performance and durability of road
surfaces while reducing the consumption of virgin materials. Various techniques for
incorporating waste plastic in asphalt mixtures are discussed, including the dry process,
wet process, and hybrid processes. The effects of waste plastic on the properties of asphalt,
such as stability, stiffness, rutting resistance, and fatigue life, are explored, along with the
potential environmental benefits of utilizing waste plastic in road construction.

Gautam, P. K et al (2018) Sustainable practices for waste management, such as source
separation, recycling, and treatment technologies. It emphasizes the importance of
collaboration between waste management authorities, researchers, engineers, and
policymakers to develop effective strategies and regulations for the sustainable use of
waste in flexible pavement construction. The potential barriers to the widespread adoption
of waste materials in flexible pavement, such as limited awareness, lack of incentives, and
market constraints, are also discussed. The review highlights the need for awareness
campaigns, financial incentives, and supportive policies to encourage stakeholders to
embrace sustainable waste utilization practices. By promoting the sustainable use of waste
materials in flexible pavement construction, the construction industry can contribute to
waste reduction, resource conservation, and the transition towards a circular economy. This
review provides valuable insights into the benefits, challenges, and opportunities
associated with incorporating waste materials in flexible pavement, encouraging further
research and implementation of sustainable practices in pavement engineering.

G. S. Manjunath (2011)Based on the experimental results, it was observed that the
ambient-cured geopolymer mortar exhibited significant compressive strength development
over time. The geopolymerization reaction, facilitated by the alkali activation of industrial
by-products such as fly ash or slag, contributed to the formation of a cohesive and durable
binder matrix. This matrix demonstrated an increasing trend in compressive strength with

curing age. The study highlighted the influence of key parameters, such as the type and
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dosage of alkali activators, the ratio of binder to aggregates, and the curing conditions, on
the compressive strength of geopolymer mortar. Optimal combinations of these parameters
were identified to achieve higher strength development and enhance the overall
performance of the material.Furthermore, the research highlighted the importance of
appropriate curing conditions in promoting compressive strength development. Factors
such as temperature, humidity, and curing duration significantly influenced the
geopolymerization reaction and subsequent strength gain. Proper curing protocols need to
be implemented to ensure optimal strength development in ambient-cured geopolymer
mortar. Geopolymer mortar offers several advantages over conventional cement-based
materials, including reduced carbon emissions, decreased reliance on non-renewable
resources, and the potential utilization of industrial by-products as precursors.

Eze, W. U (2023)The findings indicate that the incorporation of plastic wastes, such as
plastic bags, bottles, and packaging materials, can enhance the performance and durability
of flexible pavement. Plastic waste materials can be processed and added to asphalt
mixtures or used as modifiers in the production of asphalt binders. These practices
contribute to resource conservation by reducing the consumption of virgin materials and
diverting plastic waste from landfills. The utilization of plastic waste in flexible pavement
has shown positive effects on various pavement properties, including improved resistance
to cracking, rutting, and moisture damage. Additionally, the incorporation of plastic wastes
has the potential to reduce energy consumption and greenhouse gas emissions associated
with traditional pavement construction. However, challenges exist in the widespread
implementation of plastic waste utilization in flexible pavement. These challenges include
the need for standardized guidelines and specifications, compatibility issues between
plastic waste materials and asphalt components, and long-term performance evaluation of
plastic-modified pavements. Further research and collaboration among researchers,
engineers, policymakers, and waste management authorities are essential to address these
challenges and establish best practices.

Dutta, D (2010)This study investigates the effect of silica fume additions on the porosity
of fly ash geopolymer. Geopolymers, derived from industrial by-products, have emerged as
a sustainable alternative to traditional cement-based materials. However, the presence of
inherent porosity in geopolymers can affect their mechanical properties and durability.
Therefore, exploring methods to reduce porosity and enhance the performance of
geopolymer materials is of significant interest. The research focuses on incorporating silica

fume, a pozzolanic material with a high content of amorphous silica, into fly ash-based
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geopolymer matrices. The aim is to investigate the influence of silica fume additions on the
porosity characteristics of the geopolymer structure. Various proportions of silica fume are
incorporated into fly ash geopolymer mixes, and the resulting porosity is analyzed using
non-destructive testing techniques.The experimental results reveal that the addition of
silica fume leads to a notable reduction in porosity within the fly ash geopolymer. The
amorphous silica present in the silica fume reacts with the alkaline activators during
geopolymerization, resulting in a denser and more compact microstructure. This reduction
in porosity enhances the material's mechanical strength and improves its resistance to
deleterious effects, such as water penetration and chemical attack.

Significance of the study

The study on addressing plastic waste in geosynthetic-reinforced flexible pavements holds
significant importance for several reasons:

Environmental Impact: Plastic waste has become a major environmental concern, with
adverse effects on ecosystems, wildlife, and human health. By exploring the incorporation
of plastic waste in geosynthetic-reinforced flexible pavements, the study contributes to
reducing plastic waste accumulation, minimizing the need for landfill space, and mitigating
the environmental impact of plastic pollution.

Resource Conservation: The construction industry is a significant consumer of non-
renewable resources. By utilizing plastic waste as a resource in pavement construction, the
study promotes resource conservation by reducing the consumption of virgin materials. It
supports the transition towards a more sustainable and circular economy by reusing plastic
waste as a valuable resource.

Sustainable Construction Practices: The study focuses on identifying sustainable
construction practices for geosynthetic-reinforced flexible pavements. By integrating
plastic waste materials, it offers an innovative approach to enhance pavement
sustainability. This contributes to the overall goal of the construction industry to adopt
environmentally friendly and socially responsible practices.

Performance Enhancement: The study examines the potential benefits of incorporating
plastic waste in geosynthetic-reinforced flexible pavements. It aims to maintain or improve
pavement performance, including factors such as strength, durability, and resistance to
deformation. By exploring the performance enhancement aspects, the study supports the
development of sustainable pavements that meet or exceed conventional pavement

performance standards.
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Collaboration and Knowledge Sharing: The study encourages collaboration among
researchers, engineers, policymakers, and waste management authorities. By bringing
together these stakeholders, it promotes the exchange of knowledge, expertise, and best
practices related to the utilization of plastic waste in geosynthetic-reinforced flexible
pavements. This collaboration can lead to the development of standardized guidelines,
specifications, and quality control measures, facilitating the implementation of sustainable
construction practices. the significance of the study lies in its potential to address the
plastic waste problem, promote resource conservation, foster sustainable construction
practices, enhance pavement performance, and encourage collaboration among various
stakeholders. By advancing knowledge and understanding in this field, the study
contributes to a more sustainable and environmentally responsible approach to road
infrastructure development.

Conclusion

the review highlights the potential of sustainable construction practices for addressing
plastic waste in geosynthetic-reinforced flexible pavements. By incorporating plastic waste
materials into pavement construction, it is possible to minimize resource consumption,
reduce plastic waste accumulation, and enhance the sustainability of road infrastructure.
The utilization of plastic waste in geosynthetic-reinforced flexible pavements offers several
benefits. It provides a means to effectively utilize plastic waste, reducing the burden on
landfills and contributing to the circular economy. Additionally, incorporating plastic
waste can improve pavement performance by enhancing properties such as strength,
durability, and resistance to deformation. The review identifies various sustainable
construction practices, including the use of recycled plastic aggregates, reclaimed plastic
fibers, and geosynthetics made from recycled plastics. These practices demonstrate
promising results in terms of reducing plastic waste and maintaining or improving
pavement performance. However, challenges exist in the implementation of sustainable
practices. Compatibility issues between plastic waste materials and other pavement
components need to be addressed to ensure proper performance and longevity of the
pavements. Long-term performance evaluation and standardization of guidelines are
essential for widespread adoption. To overcome these challenges, collaboration between
researchers, engineers, policymakers, and waste management authorities is crucial. By
working together, it is possible to develop standardized guidelines, specifications, and
quality control measures for the sustainable utilization of plastic waste in road

infrastructure. The review emphasizes the need for further research and development to

167 International Journal of Engineering, Science and Mathematics
http://www.ijmra.us, Email: editorijmie@gmail.com




ISSN: 2320-0294 L Impact Factor: 6.765

optimize the use of plastic waste in geosynthetic-reinforced flexible pavements. This
includes studying the long-term performance, durability, and environmental impact of the

incorporated plastic waste materials.
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