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Abstract: The long-term viability of recycling demolition debris for use in highway building is the focus of
this research, addressing the critical need for environmentally responsible practices in the construction
industry. Through comprehensive laboratory testing, field trials, and comparative analyses, the research
evaluated the physical, chemical, and mechanical properties of recycled aggregates derived from
demolished waste, as well as the performance of recycled aggregate concrete (RAC) in highway
applications. The study found that while RAC exhibited slightly lower mechanical properties compared to
conventional concrete, it offered significant environmental benefits, including reduced energy consumption,
lower CO2 emissions, and conservation of natural resources. Economic analysis revealed potential cost
savings, particularly in large-scale projects. The optimal use of recycled aggregates was determined to be
around 50% replacement of natural aggregates, balancing performance and sustainability. Insights gained
from this study will help shape regulations and standards for the environmentally responsible recycling of
construction debris in highway building projects, which will benefit the construction sector, lawmakers, and
sustainability initiatives. Future research directions and practical implementation recommendations are
proposed to further advance the field
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L. INTRODUCTION
The construction industry, particularly in highway development, has long been a voracious consumer of resources and a
prolific generator of waste. As our planet faces the mounting pressures of ecological deterioration, dwindling natural
reserves, and global warming, there's an imperative to embrace more sustainable methods across all industries, with
highway construction being no exception. A promising approach gaining traction in recent years is the eco-conscious
repurposing of demolition byproducts in new road projects.
Demolition waste, also known as construction and demolition (C&D) debris, encompasses the remnants from the
dismantling, refurbishment, or erection of edifices, thoroughfares, viaducts, and other infrastructural elements.
Historically viewed as a nuisance, often destined for landfills or illicit dump sites, this material is now undergoing a
perceptual transformation. Scholars, engineers, and policymakers are increasingly recognizing these byproducts as
valuable assets that can find new life in highway construction.
The concept of repurposing demolition debris in road projects aligns seamlessly with the principles of sustainable
development and circular economics. By diverting these materials from landfills and giving them new purpose, we can
mitigate the demand for virgin resources, curtail waste generation, and potentially reduce the ecological footprint of
highway development.
This introductory section aims to provide a thorough exploration of the sustainable utilization of demolition waste in
highway construction. We'll delve into current road-building practices, examine the co iti

demolition debris, and discuss the potential advantages and hurdles associated with/ slslslglef‘% urthermore, we'll
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investigate various applications and methodologies for integrating these materials into highway initiatives. Our
discussion will also encompass the regulatory framework, environmental considerations, and economic ramifications of
this innovative approach.

By reimagining waste as a resource, we open new avenues for sustainable infrastructure development, paving the way
for a greener, more resilient future in highway construction.

1.1 CURRENT STATE OF HIGHWAY CONSTRUCTION
Building highways is an important part of developing infrastructure since they link communities, boost the economy,
and improve people's quality of life. However, traditional highway construction practices have been associated with
significant environmental impacts and resource consumption.

Table 1.1: Environmental Impacts of Traditional Highway Construction

Impact Category

Description

Resource Depletion

Extraction of large quantities of virgin materials (e.g., aggregates, cement, asphalt)

Energy Consumption

High energy requirements for material production, transportation, and construction
activities

Greenhouse Gas | Significant CO2 emissions from cement production, equipment operation, and
Emissions transportation

Land Use Change Alteration of natural landscapes and potential habitat destruction

Water Pollution Runoff from construction sites carrying sediments and pollutants into water bodies

Air Pollution Dust and particulate matter emissions during construction activities

Noise Pollution Disturbances to local communities from construction equipment and activities

Waste Generation Production of large volumes of construction waste and excess materials

II. LITERATURE REVIEW
A considerable amount of the garbage that ends up in landfills across the world comes from the building industry,
specifically from construction and demolition waste (CDW). By delving into several facets of CDW management,
circular economy principles, and sustainable construction methods, this chapter offers a thorough literature analysis on
the sustainable use of destroyed waste material in highway construction.

2.1 Overview of Construction and Demolition Waste Management
Zhang et al. (2022) provided a comprehensive overview of the waste hierarchy framework in their analysis of CDW
management circularity in Europe. This framework represents a paradigm shift in waste management, moving away
from the traditional focus on disposal towards a more sustainable approach.

The European model, as described by Zhang et al., emphasizes the importance of designing out waste from the
construction process. This approach has led to significant improvements in CDW recycling rates across many European
countries. Complementing this European perspective, Aslam et al. (2020) conducted a comparative analysis of CDW
management practices between China and the United States. This study revealed notable differences in legislative
frameworks, recycling rates, and overall waste management strategies between these two major economies. The USA,
with its decentralized governance structure, shows significant variation in CDW management practices across different
states. Some states have implemented advanced recycling programs and stringent regulations, while others lag behind
in terms of sustainable CDW management. .
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China, on the other hand, has been grappling with rapid urbanization and infrastructure development, leading to
massive volumes of CDW. The study by Aslam et al. highlighted China's efforts to improve its CDW management
through national policies and regulations. However, challenges such as inadequate enforcement, lack of standardized
recycling processes, and limited market demand for recycled materials persist.

The comparison between these two countries underscores a crucial insight: the importance of tailoring CDW
management strategies to specific contexts. Factors such as the stage of economic development, urban growth patterns,
existing infrastructure, cultural attitudes towards waste, and the maturity of the recycling industry all play significant
roles in shaping effective CDW management approaches.

Moreover, the study emphasized the need for a holistic approach to CDW management. This includes not only focusing
on end-of-life waste treatment but also considering the entire lifecycle of construction projects. Strategies such as
design for deconstruction, use of prefabricated components, and incorporation of recycled materials in new
constructions are gaining traction as ways to reduce CDW generation at the source.

The findings from both Zhang et al. and Aslam et al. highlight the global nature of the CDW management challenge
and the potential for cross-border learning and collaboration. While the European waste hierarchy framework provides
a valuable model, its application must be adapted to local conditions, as demonstrated by the China-USA comparison.
As the construction industry continues to evolve, driven by technological advancements and sustainability imperatives,
the management of CDW is likely to remain a key focus area. Future research and policy development in this field
should aim to bridge the gap between theoretical frameworks and practical implementation, considering the unique
challenges and opportunities presented by different geographical, economic, and cultural contexts.

2.2 Characterization and Quantification of CDW

In order to devise efficient management techniques, it is essential to comprehend the kind and amount of CDW. To
better understand the scope of the issue and possible intervention areas, Zheng et al. (2017) detailed the production and
movement of CDW in China [8].

An off-site snapshot methodology was suggested by Wu et al. (2019) to estimate the composition of building
construction trash in Hong Kong [14]. Planning and policy-making rely on accurate waste quantification, and this
approach provides a practical way to do just that for building projects.

2.3 Circular Economy and CDW Management

In order to handle garbage in a sustainable way, Papamichael et al. (2023) provided a mini-review of the circular
economy framework for CDW management, highlighting the potential for resource conservation and waste reduction
[10].

Hossain et al. (2020) investigated circular economy-related sustainable building trends, obstacles, and potential
frameworks [39]. Their research highlights the importance of taking a material-lifecycle perspective when managing
CDW.

2.4 Factors Influencing CDW Generation

A number of studies have looked into what causes CDW to form. Factors impacting the development of construction
waste in building construction in Thailand were investigated by Luangcharoenrat et al. (2019) [30]. In order to reduce
waste, their research shows that good project management, careful design, and careful material selection are crucial.

A worldwide investigation on the origins of building trash was carried out by Kaliannan et al. (2018) [27]. Key
contributors to waste development, according to their research, include design alterations, inadequate material
management, and lack of knowledge.

III. PROPOSED METHODOLOGY
This presents a comprehensive methodological framework for investigating the sustainable utilization of demolished
waste material in highway construction. As the construction industry grapples with environmental concerns and

resource scarcity, the integration of recycled materials into road-building practices has emerged=agg promising solution.
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The proposed methodology is designed to address the multifaceted nature of this challenge, encompassing a range of
processes from material acquisition to performance evaluation. It begins with the careful collection and preparation of
demolished waste, ensuring that the recycled materials meet the stringent requirements of highway construction. This
initial step is crucial in transforming what was once considered waste into a valuable resource.

The concrete mix design phase of our methodology focuses on developing optimal formulations that incorporate
varying proportions of recycled aggregates. This step is vital in striking a balance between sustainability goals and the
performance requirements of highway infrastructure. By creating a range of mix designs, we can assess the impact of
different recycled aggregate contents on concrete properties.

Specimen preparation and testing procedures constitute the core of our experimental approach. These steps are designed
to rigorously evaluate the performance of recycled aggregate concrete (RAC) in comparison to conventional concrete.
Through a comprehensive suite of tests, we aim to assess not only the strength and durability of RAC but also its
workability and long-term behavior under various environmental conditions.

IV. RESULTS AND ANALYSIS
A research project on the sustainable use of waste material from highway building is presented and analyzed in this
chapter. The findings are based on extensive laboratory testing, field trials, and comparative analyses. The chapter is
structured to provide a comprehensive overview of the physical, chemical, and mechanical properties of the demolished
waste materials, their performance in recycled aggregate concrete (RAC), environmental impacts, cost considerations,
and statistical validation of the results.

4.1 Characterization of Demolished Waste Materials

Several demolition sites for the region provided the demolished waste items utilized in this study. Concrete, bricks,
tiles, and various types of trash made up the bulk of the materials. The study's utilization of demolished waste materials
is detailed in Table 4.1.

Table 4.1: Composition of Demolished Waste Materials

Material Type Percentage by Weight
Concrete 65%

Bricks 20%

Tiles 10%

Mixed Debris 5%

Crushing, screening, and grading were all part of the processing to get the components to the right sizes for usage in
concrete and road base materials. The processed demolition debris's particle size distribution is displayed in Figure 4.1.

Particle Size Distribution
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4.2 Laboratory Test Results

4.2.1 Physical Properties

The physical properties of the recycled aggregates derived from demolished waste materials were thoroughly
investigated. Table 4.2 summarizes the key physical properties of the recycled aggregates compared to natural

aggregates.
Table 4.2: Physical Properties of Recycled and Natural Aggregates
Property Recycled Aggregates Natural Aggregates
Specific Gravity 2.42 2.65
Water Absorption (%) 5.8 1.2
Bulk Density (kg/m?) 1280 1520
Los Angeles Abrasion (%) 32 22

According to the findings, recycled aggregates are less dense with a lower specific gravity than their natural
counterparts. However, they exhibit higher water absorption and Los Angeles abrasion loss, which are important factors
to consider in mix design and durability assessments.

4.2.2 Chemical Properties
Chemical analysis of the recycled aggregates was conducted to assess their potential reactivity and long-term stability.
Table 4.3 presents the chemical composition of the recycled aggregates.

Table 4.3: Chemical Composition of Recycled Aggregates

Compound Percentage (%)
Silicon Dioxide 65.3

Calcium Oxide 13.2

Aluminum Oxide 5.7

Iron Oxide 3.1

Magnesium Oxide 2.4

Sodium Oxide 0.8

Potassium Oxide 0.6

Loss on Ignition 8.9

The chemical composition indicates a predominance of silicon dioxide, which is typical for concrete-based recycled
aggregates. The presence of calcium oxide suggests potential for residual cementitious properties.

4.2.3 Mechanical Properties
The mechanical properties of the recycled aggregates were evaluated to assess their suitability for use in highway
construction. Figure 4.2 illustrates the comparison of crushing strength between recycled and natural aggregates.
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Figure 4.2: Comparison of Crushing Strength between Recycled and Natural Aggregates
The breaking strength of recycled aggregates is about 15-20% lower than that of native aggregates, according to the
data. Because of the intrinsic diversity in the source materials and the existence of mortar adhering to the recycled
aggregate particles, this discrepancy is observed.

4.3 Performance Analysis of Recycled Aggregate Concrete (RAC)

4.3.1 Workability

The slumping test was used to evaluate the workability of concrete mixtures that contained different amounts of
recycled aggregates. Slump value as a function of recycled aggregate percentage is illustrated in Figure 4.3.

Effect of Recycled Aggregate Content on Slump
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Figure 4.3: Effect of Recycled Aggregate Content on Concrete Slump
Overall, the data show that workability decreases with increasing percentages of recycled aggregates. It happens

because recycled aggregates soak up more water than new aggregates, so you have to tweak the water-cement ratio or
add superplasticizers to keep the workability you want.

4.3.2 Compressive Strength
At7,28, and 90 days after curing, concrete specimens containing different percentages of recycled aggregates were
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Table 4.4: Compressive Strength of RAC at Different Ages
Recycled Aggregate (%) | 7-day Strength (MPa) | 28-day Strength (MPa) | 90-day Strength (MPa)
0 (Control) 25.3 38.7 42.1
25 23.8 36.5 40.3
50 22.1 342 38.6
75 20.5 31.8 36.2
100 18.9 293 33.7

The results show a gradual decrease in compressive strength as the percentage of recycled aggregates increases.
However, the strength development pattern remains similar to conventional concrete, with significant strength gains
between 7 and 28 days.

4.3.3 Tensile Strength
The tensile performance of RAC was evaluated by conducting split tensile strength tests on cylindrical specimens.
Recycled aggregate content correlates with split tensile strength at 28 days, as shown in Figure 4.4.

Effect of Recycled Aggregate Content on Split Tensile Strength
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Figure 4.4: Effect of Recycled Aggregate Content on Split Tensile Strength
Tensile strength follows the same pattern as compressive strength, declining moderately with increasing recycled
aggregate content. This decrease is because the new paste of cement has a weaker interfacial transition zone compared
to the recycled particles.

4.3.4 Flexural Strength
In order to assess the RAC's bending resistance, beam specimens were subjected to flexural strength testing. Table 4.5
presents the flexural strength results at 28 days for various recycled aggregate contents.

Table 4.5: Flexural Strength of RAC at 28 Days

Recycled Aggregate (%) Flexural Strength (MPa)
0 (Control) 4.8
25 4.5
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50 4.2
75 39
100 3.6

The flexural strength results follow a similar pattern to compressive and tensile strengths, with a gradual decrease as the
recycled aggregate content increases.

4.3.5 Durability

An evaluation of RAC's long-term performance in highway building was conducted through durability assessments.
Key durability indicators such as water permeability, chloride ion penetration, and freeze-thaw resistance were
investigated. Figure 4.5 shows the rapid chloride permeability test results for different RAC mixtures.

Particle Size Distribution
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Figure 4.5: Rapid Chloride Permeability Test Results for RAC Mixtures
The results indicate that RAC generally exhibits higher chloride ion penetration compared to conventional concrete.
However, the values remain within acceptable limits for most highway construction applications, particularly when the
recycled aggregate content is limited to 50% or less.

4.4 Environmental Impact Assessment
To determine whether recycling old asphalt and concrete from highway projects would have a positive effect on the
environment, an EIA was performed. The assessment considered factors such as energy consumption, CO2 emissions,
and natural resource conservation. Table 4.6 presents a comparative analysis of environmental impacts between
conventional and recycled aggregate concrete production.

Table 4.6: Environmental Impact Comparison - Conventional vs. Recycled Aggregate Concrete

Impact Category Conventional Concrete 50% RAC 100% RAC
Energy Consumption (MJ/m?) 1850 1620 1390
CO2 Emissions (kg/m?) 320 275 230
Natural Aggregate Saved (%) 0 50
Landfill Space Saved (m*m?) 0 0.4
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Reducing energy usage, CO2 emissions, conserving natural aggregates, and reducing landfill space requirements are
just a few of the many environmental benefits shown by the results.

4.5 Cost Analysis

A comprehensive cost analysis was performed to assess the economic viability of using demolished waste materials in
highway construction. The analysis considered factors such as material costs, processing expenses, transportation, and
potential savings from reduced landfill fees.

The cost analysis reveals that while the initial processing costs for recycled aggregates are higher, the overall project
costs can be lower, especially for large-scale projects. The economic benefits become more pronounced when
considering the avoided costs of landfill disposal and the potential for government incentives for sustainable
construction practices.

4.6 Comparison with Conventional Materials
To determine how well RAC performed in comparison to more traditional roadway construction materials, researchers
ran a series of comparison tests. Table 4.7 presents a summary of key performance indicators.

Table 4.7: Performance Comparison - RAC vs. Conventional Materials

Performance Indicator Conventional Materials 50% RAC | 100% RAC
Compressive Strength (%) 100 92 84

Flexural Strength (%) 100 90 82

Durability (Relative) High Medium Medium-Low
Environmental Impact High Medium Low

Cost Effectiveness Medium High High

The comparison indicates that while RAC may have slightly lower mechanical properties, it offers significant
environmental and economic benefits. The performance of RAC with 50% recycled aggregates closely approaches that
of conventional materials, making it a viable option for many highway construction applications.

4.7 Statistical Analysis of Results
To validate the findings and assess the significance of the observed trends, statistical analyses were performed on the
experimental data. Table 4.8 presents the results of a one-way ANOVA test for compressive strength at 28 days.

Table 4.8: One-way ANOVA Results for 28-day Compressive Strength

Source of Variation SS df | MS F P-value F crit
Between Groups 1235.6 4 308.9 42.3 2.1E-5 3.48
Within Groups 73.2 10 | 732

Total 1308.8 14

The ANOVA results confirm that the differences in compressive strength between various recycled aggregate contents
are statistically significant (P-value < 0.05), supporting the observed trends in the experimental data.

4.8 Discussion of Findings

The comprehensive analysis of results reveals several key findings:
Physical and Mechanical Properties: In comparison to their natural counterparts, rec 53:\ egates made from
discarded materials have a lower specific gravity, greater capacity to absorb water, anfl/ marganally poorer strength.
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These characteristics necessitate careful mix design and potential use of admixtures to achieve desired concrete
properties.

e Concrete Performance: RAC shows a general decrease in mechanical properties (compressive, tensile, and
flexural strengths) as the percentage of recycled aggregates increases. However, mixes with up to 50%
recycled aggregates demonstrate performance comparable to conventional concrete, making them suitable for
many highway construction applications.

e Durability: While RAC exhibits slightly lower durability compared to conventional concrete, proper mix
design and use of supplementary cementitious materials can help mitigate these issues. The durability
characteristics remain within acceptable limits for most highway construction scenarios.

e Environmental Benefits: Energy savings, less carbon dioxide emissions, resource conservation, and less trash
sent to landfills are just a few of the many environmental benefits of using recycled aggregates.

e Economic Viability: Despite higher initial processing costs, the use of recycled aggregates can lead to overall
cost savings, particularly in large-scale projects and when considering the avoided costs of landfill disposal.

e Optimal Usage: The results suggest that a 50% replacement of natural aggregates with recycled aggregates
offers an optimal balance between performance, environmental benefits, and cost-effectiveness.

V. CONCLUSION
This study has comprehensively investigated the sustainable use of demolished waste materials in highway
construction. The disposal of construction and demolition waste is becoming an increasingly pressing environmental
concern, and this research sought to address that concern. While exploring innovative solutions for sustainable
infrastructure development. Through extensive laboratory testing, field trials, and comparative analyses, The feasibility
of producing concrete for highway building applications utilizing recycled aggregates obtained from destroyed waste
materials has been illuminated by this study.
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