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ABSRACT

This research focused on finding new material options that are less costly than traditional rigid pavements while considering the growing need for sustainable
pavements. As traditional construction materials are scrutinized for their sustainability and durability, this study investigated several green materials, including
recycled aggregates, by-products, and bio-based composites. A selection of laboratory tests and field studies were conducted to analyze their mechanical features,
environmental advantages, and durability in pavement applications. The results of the analysis showed that the materials can significantly lower the carbon emissions
and increase the lifespan of rigid pavements. Ultimately, this effort sought to provide a solution toward the adoption of novel materials in pavement engineering.

INTRODUCTION

The rigid pavements are one of the vital elements of modern infrastructure as they serve as the nerve for transport networks globally. Traditional materials
such as cement concrete have traditionally been used in rigid pavements that, even if they serve their purposes, can lead to significant environmental
problems. With cement production contributing nearly 8% of the world’s carbon dioxide emissions, the development of sustainable alternatives is a
necessity in the age of climate change and resource depletion.

Recently, advances in materials science have opened up options for innovative alternatives that greatly improved the stability of rigid pavements and
increased their durability and performance. This study focused
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Figure 1. Cycle of atmospheric pollutants during construction stages.
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Urbanization, along with more traffic, demands pavements that can support higher loads and face adverse environmental conditions. Thus, incorporation
of ecofriendly material addressed environmental challenges and proved to be increasing the tolerance and durability of pavement structures. The purpose
of this study was to assess the utility of different new materials to provide engineering quality while promoting green building.

The purpose of this study in this context is threefold: to assess the mechanical and durability properties of alternative materials, to assess their
environmental implications with respect to conventional material and finally, to provide recommendations for the implementation of those materials in
rigid pavement applications. With laboratory experiments this study aims to explore these different factors and provide insight into the future of
sustainable pavement engineering towards the design of more resilient and environmentally friendly infrastructures.

LITERATURE REVIEW

Rahman and Hossain (2023) reviewed the important impact of sustainable materials in rigid pavements. Their in-depth study focuses on different green
materials, emphasizing their mechanical strengths alongside their environmental benefits. The case studies provided demonstrate real-world applications
that have far-reaching impacts, where these innovations are helping to significantly reduce carbon footprints and enhance durability and performance of
pavement structures. The results demonstrated the need to integrate sustainability into pavement engineering practices — such as material use, lifecycle
and resource management — providing valuable insights for engineers and policymakers.

In a similar spirit, Qureshi and Khan (2023) took a deep dive into novel strategies for rigid pavement design, specially by looking at alternative materials.
Their research uncovered some exciting advancements in material science that could really boost the structural integrity and durability of pavements. By
reviewing the latest developments and practical uses of these materials, the authors make a compelling argument for embracing new solutions in pavement
design. Their work not only adds to the existing knowledge but also serves as a guide for future research focused on enhancing pavement performance
while reducing environmental impacts. Together, these studies underscore the pressing need for eco-friendly practices in pavement engineering, paving
the way for sustainable infrastructure solutions.

Kumar and Singh (2023) explored the use of industrial by-products in rigid pavement construction, offering a greener approach that tackles both
environmental and engineering challenges. They conducted a comprehensive review of various by-products, like fly ash, slag, and silica fume, evaluating
their properties and key benefits for improving concrete pavement performance. Their findings showed that using these materials not only cuts down on
waste but also boosts the mechanical strength and lifespan of rigid pavements, making a strong case for their broader use in sustainable construction
practices. This research plays a significant role in the conversation about incorporating waste materials into mainstream engineering, promoting a circular
economy in the construction industry.

Li and Zhang (2023) delivered an overview of bio-based materials for rigid pavements. They highlighted their potential to revolutionize pavement
engineering. They explored various bio- based alternatives, such as natural fibers and biopolymers, focusing on their mechanical properties and
environmental advantages.

CONCLUSIONS

There's a growing interest in eco-friendly materials for building rigid pavements, but there are still quite a few gaps in the current research. We really
require more thorough studies that look at how bio-based and recycled materials hold up over time in different environmental conditions. Many studies
already highlighted the mechanical benefits of these materials, we still don’t have enough information on their economic feasibility and how they can be
scaled up for wider use in the construction industry. Additionally, the way we include these novel materials into existing pavement design standards is
still not well addressed, leaving engineers and policymakers without clear information. On top of that, the environmental impact assessments for these
materials often lack consistent metrics, making it tough to compare their sustainability benefits effectively. It's important to explore new material options
for creating greener and more durable rigid pavements to tackle the environmental issues tied to traditional construction methods. Research indicates that
using bio-based materials, reused aggregates, and sustainable concrete can really foster the sustainability and performance of rigid pavements. To tap into
their full potential, we need to dig deeper into their long-term durability, economic viability, and how they can fit into standard engineering practices.
The construction industry can move towards more sustainable solutions that not only cut down on carbon emissions but also improve the resilience and
lifespan of pavement infrastructure by filling these research gaps. In the end, embracing these innovative materials will be key to building a more
sustainable and environmentally friendly future in pavement engineering.
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