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Abstract: The construction industry is witnessing a growing need for sustainable practices to minimize
environmental impact and optimize resource utilization. This comparative study focuses on exploring the
properties, characteristics, and applications of new aggregate and recycled aggregate in construction. New
aggregate, derived from natural or artificially crushed rock, has been traditionally used as a construction
material. On the other hand, recycled aggregate, obtained from the crushing of demolished concrete structures,
offers a sustainable alternative by reducing the demand for new aggregate and minimizing construction waste.

Index Terms - Aggregate, Recycled Aggregate, Coarse Aggregate, Sustainable.

INTRODUCTION

Concrete, a ubiquitous and indispensable material in the construction industry, is predominantly composed of
natural coarse and fine aggregates bound together with a cementitious matrix. Its extensive use in a myriad of
structures—from buildings and bridges to roads and dams—underscores its unparalleled strength, durability,
and economic efficiency. However, the environmental implications associated with traditional concrete
production have become a pressing concern in the context of sustainable development. The extraction of
natural aggregates, coupled with the high carbon footprint of cement production, has prompted the
construction sector to seek greener alternatives. Recycled coarse aggregate (RCA) has emerged as a viable
solution, addressing both resource depletion and waste management issues.

Recycled coarse aggregate is derived from the demolition and subsequent crushing of existing concrete
structures. This process not only repurposes construction and demolition waste, thereby mitigating landfill
overflow, but also provides an alternative source of aggregate, reducing the strain on natural resources. RCA
embodies the essence of sustainability in construction, promoting resource conservation and significantly
lowering the environmental impact. The reuse of concrete waste aligns with the principles of a circular
economy, where materials are kept in use for as long as possible, extracting maximum value before recovery
and regeneration. By integrating RCA into new concrete mixes, the construction industry can address the dual
challenges of waste management and resource conservation, contributing to a more sustainable future.

The motivation for incorporating RCA into concrete is driven by several critical factors. The construction
industry is a major generator of waste, with concrete debris constituting a significant proportion of this output.
Recycling this material not only reduces the volume of waste destined for landfills but also provides a
sustainable source of aggregates. The depletion of natural aggregates is another pressing issue, as the demand
for construction materials continues to rise with urbanization and infrastructure development. RCA offers a
practical alternative, extending the lifespan of natural aggregate reserves and mitigating the environmental
impacts associated with their extraction. Furthermore, the use of RCA in concrete production can help reduce
greenhouse gas emissions, contributing to global efforts to combat climate change. The substitution of natural
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aggregates with recycled ones can potentially lower the carbon footprint of concrete, making it a more eco-
friendly building material.

Despite the clear environmental benefits, the widespread adoption of RCA in concrete production is not
without its challenges. The properties of recycled aggregates differ significantly from those of natural
aggregates due to the residual mortar attached to the recycled particles. This residual mortar affects the
density, water absorption, and overall mechanical properties of the aggregate, which in turn influence the
performance of RCA concrete. A thorough understanding of the physical and chemical characteristics of RCA
is essential to optimize its use in concrete mixes. Research has shown that RCA concrete can exhibit variations
in compressive strength, tensile strength, and durability compared to traditional concrete. Therefore, a
comprehensive analysis of the mechanical properties, durability, and long-term behavior of RCA concrete is
crucial to ensure its reliability and performance in construction applications. This includes examining the
effects of different replacement levels of natural aggregates with RCA and the use of supplementary
cementitious materials and admixtures to enhance the properties of RCA concrete.

Image 1 :- Recycled Coarse Aggregates
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Image 2 :- Demolished Waste From Concrete Structure

[JCRT24A5658 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 0583


http://www.ijcrt.org/

www.ijcrt.org © 2024 IJCRT | Volume 12, Issue 5 May 2024 | ISSN: 2320-2882

Literature review

A comprehensive analysis of recycled coarse aggregate (RCA) involves examining its properties, potential
applications, benefits, and limitations within the construction industry. The literature on RCA spans multiple
facets, including its production methods, mechanical properties, durability, environmental impact, and
economic feasibility. Below is a brief literature review on this topic:

Production and Quality of RCA

1. Source Material and Processing : RCA is primarily derived from the demolition of concrete structures. The
quality of RCA depends on the source material's properties and the processing methods used to remove
impurities and achieve desired aggregate sizes . Effective processing techniques such as crushing, screening,
and washing are critical for producing high-quality RCA .

2. Standards and Specifications : Various standards and guidelines, such as those from ASTM and ACI,
govern the quality and application of RCA in construction. These standards ensure that RCA meets specific
criteria for use in different concrete applications .

Mechanical Properties

1. Strength and Durability : Research indicates that concrete made with RCA generally exhibits lower
compressive strength compared to conventional concrete. This reduction in strength is often attributed to the
presence of old mortar attached to the recycled aggregates, which affects the interfacial transition zone (ITZ) .
However, proper treatment and processing of RCA can enhance its mechanical properties .

2. Performance Enhancements : Various methods, such as surface treatment of RCA, incorporation of
supplementary cementitious materials (SCMs), and optimized mix designs, have been explored to improve
the mechanical performance of RCA concrete. For example, studies have shown that the use of fly ash and
silica fume can mitigate some of the strength reduction issues .

Durability and Long-term Performance

1. Durability Concerns* RCA concrete often exhibits increased water absorption and permeability, which
can affect its durability. Factors such as freeze-thaw resistance, shrinkage, and alkali-aggregate reaction are
critical considerations in its application .

2. Mitigation Strategies : To enhance durability, researchers have investigated various strategies, including
the use of chemical admixtures, improved curing practices, and the addition of fibers. These methods aim to
reduce porosity and improve the overall integrity of RCA concrete .

Environmental and Economic Impact

1. Environmental Benefits : The use of RCA is associated with significant environmental benefits, including
the reduction of construction and demolition waste, conservation of natural aggregates, and lower carbon
footprint. Life cycle assessment (LCA) studies highlight the potential for RCA to contribute to sustainable
construction practices .

2. Economic Feasibility : While RCA can offer cost savings by reducing material and disposal costs, the
economic feasibility depends on factors such as local availability, transportation costs, and processing
requirements. Economic analyses indicate that RCA can be a viable alternative, particularly in regions with
limited access to natural aggregates .

Applications in Construction

1. Structural and Non-structural Uses : RCA has been successfully used in various applications, including
non-structural concrete (e.g., pavements, curbs, and drainage structures) and structural concrete (e.g.,
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foundations and load-bearing walls). The suitability of RCA for specific applications depends on meeting the
required performance criteria .

2. Innovative Uses : Recent research has explored the potential of RCA in advanced applications, such as
self-compacting concrete, high-performance concrete, and geopolymer concrete. These innovative uses
highlight the versatility and potential for RCA in modern construction practices .

Methodology

A comprehensive analysis of recycled coarse aggregate (RCA) requires a well-defined methodology to
systematically evaluate its properties, performance, and potential applications. Below is a brief outline of a
typical methodology that could be used for such a study:

1. Literature Review
- Objective : To gather existing knowledge and identify gaps in the current research on RCA.
-Activities :

- Conduct a systematic review of scholarly articles, technical reports, standards, and guidelines related to
RCA.

- Summarize findings on RCA production methods, mechanical properties, durability, environmental impact,
and applications.

2. Material Collection and Processing
- Objective : To obtain and prepare RCA samples for analysis.
- Activities :
- Source RCA from various demolition sites or recycling facilities.
- Process the collected material to remove contaminants and achieve desired aggregate sizes using crushing,
screening, and washing techniques.
- Characterize the physical properties of the RCA, such as size distribution, shape, and surface texture.

3. Experimental Design
- Objective : To design experiments that evaluate the properties and performance of RCA.
- Activities :
- Define mix designs for concrete incorporating different proportions of RCA (e.g., 0%, 25%, 50%, 75%,
100% replacement of natural aggregates).
- Identify control samples using conventional natural aggregates for comparison.

4. Mechanical Testing
- Objective: To assess the mechanical properties of RCA concrete.
- Activities :
- Perform standard tests to determine compressive strength, tensile strength, and flexural strength at various
curing ages (e.g., 7, 28, 90 days).
- Evaluate the modulus of elasticity and density of the concrete samples.

5. Durability Testing
- Objective : To evaluate the long-term performance and durability of RCA concrete.
- Activities :

- Conduct tests for water absorption, permeability, and porosity.

- Assess freeze-thaw resistance, drying shrinkage, and alkali-aggregate reactivity.

- Perform accelerated aging tests to simulate long-term environmental exposure.

6. Microstructural Analysis
- Objective : To investigate the microstructural characteristics of RCA and RCA concrete.
- Activities :

- Use techniques such as scanning electron microscopy (SEM), X-ray diffraction (XRD), and energy-
dispersive X-ray spectroscopy (EDS) to analyze the interfacial transition zone (ITZ) and the presence of old
mortar on RCA particles.

- Compare microstructural features with those of concrete made with natural aggregates.
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7. Environmental and Economic Analysis
- Objective : To assess the sustainability and cost-effectiveness of using RCA.
- Activities :

- Perform a life cycle assessment (LCA) to evaluate the environmental impact of RCA production and use
in concrete.

- Conduct an economic analysis to compare the costs of RCA with natural aggregates, considering factors
such as processing, transportation, and material costs.

8. Data Analysis and Interpretation
- Objective : To analyze the collected data and draw conclusions.
- Activities :
- Use statistical methods to analyze the test results and identify significant differences between RCA and
conventional concrete.
- Interpret the data to understand the implications of RCA use on concrete performance and sustainability.

9. Reporting and Recommendations
- Objective : To document the findings and provide practical recommendations.
- Activities :
- Prepare a comprehensive report summarizing the methodology, results, and conclusions of the study.
- Provide recommendations for the use of RCA in various concrete applications based on the study’s
findings.
- Identify areas for future research to address any remaining gaps in knowledge.

10. Validation and Peer Review
- Objective : To validate the study’s findings and ensure accuracy.
- Activities :
- Submit the research for peer review by experts in the field.
- Validate the results through replication studies or additional testing by independent laboratories.
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Image 3 :- Team Members Performing Flakiness Index Test
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Image 4 :- Elongation Test Performed

EXPERIMENTAL WORK:

The experimental work in a comparative study between new aggregate and recycled aggregate involves
conducting laboratory tests and experiments to evaluate the performance of concrete made with these
aggregates. Here is a general outline of the experimental work that can be conducted:

1. Aggregate Preparation:

a. Obtain samples of new aggregate and recycled aggregate from reliable sources.
b. Clean the recycled aggregate to remove any impurities or contaminants.
C. Crush the recycled concrete to obtain recycled aggregate within the desired particle size range.

2. Aggregate Characterization:

a. Determine the particle size distribution of both new aggregate and recycled aggregate using sieve
analysis.

b. Conduct tests to assess the shape and texture of the aggregates, such as the flakiness index and
angularity index.

C. Determine the water absorption capacity of the aggregates to evaluate their moisture content.

3. Concrete Mix Design:

a. Develop concrete mix designs using the new aggregate and recycled aggregate.
b. Determine the proportions of cement, aggregate, water, and any additional admixtures or additives.
C. Ensure that the mix designs meet the required specifications and consider factors like workability,

strength, and durability.
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4. Fresh Concrete Tests:

a. Conduct tests to measure the workability of fresh concrete, such as slump and compaction factor tests.
b. Determine the air content in the concrete using the pressure method or the volumetric method.
C. Assess the setting time of the concrete to ensure it meets the desired requirements.

5. Hardened Concrete Tests:

a. Prepare concrete specimens, such as cylinders or cubes, using both new aggregate and recycled
aggregate.

b. Cure the specimens under controlled conditions, typically moist curing for a specific period.

C. Test the specimens for compressive strength, split tensile strength, and flexural strength using standard
testing procedures.

d. Evaluate the density and water absorption characteristics of the hardened concrete specimens.

e. Conduct additional tests to assess the durability properties of the concrete, such as resistance to freeze-

thaw cycles or chloride penetration.

6. Data Collection and Analysis:

a. Record the data obtained from the fresh and hardened concrete tests.

b. Compare the performance of the concrete specimens made with new aggregate and recycled aggregate.
C. Analyze the data statistically to determine any significant differences or correlations between the
variables.

d. Interpret the results and draw conclusions regarding the comparative performance of the two types of
aggregate.

7. Discussion and Interpretation:

a. Discuss the findings of the experimental work in light of the research objectives-and the existing
literature.

b. Interpret the results, highlighting any differences in the properties and performance of concrete made
with new aggregate and recycled aggregate.

C. Consider the limitations and potential sources of error in the experimental work.

OBJECTIVES:

1. Conduct a comprehensive literature review to gather existing research and knowledge on the properties,
characteristics, and applications of new aggregate and recycled aggregate in construction.

2. Evaluate the physical properties of new aggregate and recycled aggregate, including particle size
distribution, shape, texture, specific gravity, and chemical composition.

3. Compare the mechanical properties of new aggregate and recycled aggregate, such as compressive strength,
tensile strength, and flexural strength.

4. Assess the durability properties of new aggregate and recycled aggregate, including resistance to abrasion,
freeze-thaw cycles, and chemical degradation.

5. Perform laboratory testing and analysis to determine the water absorption capacity and moisture content of
new aggregate and recycled aggregate.

6. Analyze and compare the environmental impact and sustainability aspects of using new aggregate and
recycled aggregate in construction.

7. Evaluate the cost-effectiveness and feasibility of incorporating recycled aggregate into construction
projects.

8. Identify potential applications and limitations of recycled aggregate in various construction scenarios, such
as concrete production, road construction, and pavement bases.
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9. Provide recommendations and guidelines for the effective utilization of recycled aggregate in construction,
considering factors such as quality control, processing techniques, and compatibility with specific
construction requirements.

10. Contribute to the knowledge base on sustainable construction practices and promote the adoption of
environmentally responsible approaches in the construction industry.

In the Indian scenario, the use of aggregates in the construction industry is significant due to the country's
rapid urbanization and infrastructure development. India has a vast demand for aggregates in various
construction applications, including residential, commercial, and infrastructure projects. However, the
traditional reliance on new aggregate has led to environmental concerns, resource depletion, and increased
waste generation.

%3
i
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In recent years, there has been a growing recognition of the need for sustainable construction practices in
India. The concept of using recycled aggregate has gained attention as a viable solution to address these
sustainability challenges. The Indian government, along with various industry bodies and research institutions,
has taken steps to promote the use of recycled aggregate and encourage its integration into construction
projects.

One of the key initiatives in India is the development of guidelines and standards for the use of recycled
aggregate in construction. The Bureau of Indian Standards (BIS) has formulated specifications and guidelines
for the production, quality control, and utilization of recycled aggregate in various applications. These
guidelines provide a framework for ensuring the safe and effective use of recycled aggregate while
maintaining the necessary quality standards.

Several research studies and pilot projects have been conducted in India to evaluate the properties and
performance of recycled aggregate in different construction applications. These studies have shown promising
results, indicating that recycled aggregate can meet the required technical specifications and perform
comparably to new aggregate in terms of strength and durability. Additionally, the use of recycled aggregate
has demonstrated environmental benefits by reducing the extraction of natural resources and diverting
construction waste from landfills.

However, despite the progress made, there are still challenges to be addressed in the Indian scenario. Quality
control of recycled aggregate remains a crucial factor, as the variability in source materials and processing
techniques can affect its properties. The lack of awareness and acceptance among stakeholders, including
contractors, developers, and engineers, is another challenge that needs to be overcome. Educating and creating
awareness about the benefits and practical aspects of using recycled aggregate is essential for its wider
adoption in the Indian construction industry.
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Furthermore, the Indian government has introduced various policies and initiatives to promote sustainable
construction practices. These include incentives, tax benefits, and mandatory requirements for using recycled
materials in government-funded projects. Such initiatives are expected to drive the demand for recycled
aggregate and create a more conducive environment for its utilization.

In conclusion, the Indian construction industry is gradually recognizing the importance of sustainable
practices, including the use of recycled aggregate. With the support of guidelines, research efforts, and
government initiatives, there is a positive trend towards integrating recycled aggregate into construction
projects. However, continued research, standardization, and awareness-building efforts are necessary to fully
leverage the potential of recycled aggregate in the Indian construction sector and achieve sustainable
development goals.

Advantages of Using Recycled Aggregate in Construction:

1. Environmental Benefits: One of the primary advantages of using recycled aggregate is its positive impact
on the environment. By utilizing recycled aggregate, the demand for new aggregate is reduced, which helps
conserve natural resources and reduces the need for quarrying. Additionally, it reduces the amount of
construction and demolition waste that would otherwise end up in landfills.

2. Waste Reduction: Recycling aggregate from demolished concrete structures helps divert construction and
demolition waste from landfills. This reduces the strain on landfill capacities and promotes more efficient
waste management practices.

3. Cost Savings: In some cases, using recycled aggregate can result in cost savings for construction projects.
Since recycled aggregate is often obtained from locally available sources, transportation costs may be lower
compared to new aggregate sourced from distant locations. This can lead to overall cost reduction, particularly
in projects that require a significant amount of aggregate.

4. Comparable Performance: Recycled aggregate, when processed and produced properly, can exhibit
comparable performance to new aggregate in terms of strength and durability. Studies have shown that
recycled aggregate can meet the necessary technical specifications and perform well in various construction
applications.

-

Image 6:- Compressioh Test Performed On Cube | Image 7:- Compression Test
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Observation Table

Image 8 :- Performing Rebound Hammer Test. Image 9 :- Performing Rebound
Hammer Test.

Dry Cube R1 |[R2 |R3 R4 R5 R6 Average Compression

weight | name sumofevery stress (Mpa)
value
6

8.705 |RCA1 18 16 13 18 19 12 16 18.9
8.760 | RCA?2 11 13 13 14 14 14 13.1 19.6
7.660 |RCA3 |20 |12 12 19 20 22 18.5 17.8
TOTAL 15.8
8.800 |[NCA1 |22 |20 18 28 18 17 20.5 18.95
8.109 | NCA2 |22 24 21 20 22 18 21.16 17.90
8.420 | NCA3 20 22 20 21 18 19 20 19.11
TOTAL 20.53

Table 1 :- Observations For Rebound Hammer Test For 7 Days Cureing.
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Dry weight Cube nameR 1 R 2 R3 R4 [R5 [R6 Average Compression
sumof every |stress
valu
6

8.910 NCA 1 36 22 26 21 30 21 26 34.9
8.340 NCA 2 24 32 22 27 21 26 25.33 32.88
7.923 NCA 3 26 34 29 23 35 26 28.83 32.40
8.425 NCA 4 32 36 26 24 31 29 29.66 34.40
7.985 NCA 5 26 33 25 31 26 22 27.67 31.6
8.854 NCA 6 33 34 29 31 21 20 28 35.3
TOTAL 27.59
8.010 RCA 1 29 22 22 24 25 24 24.33 23.80
8.490 RCA 2 21 26 23 25 26 23 24.33 22.00
8.205 RCA 3 21 23 29 26 24 22 24.16 20.6
8.110 RCA 4 27 22 24 21 25 23 25.33 21.88
7.980 RCA5 24 26 21 22 26 25 24 22.80
8.001 RCA 6 30 25 21 23 26 23 24.66 24.88
TOTAL 24.385

Table 2 :- Observation Table For Rebound Hammer Test And Compression Test.

Image 10 :- Performing Compression Test Image 11 :- Performing
Compression Test
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Conclusion:-

In conclusion, recycled coarse aggregate (RCA) demonstrates considerable potential as a sustainable
substitute for natural aggregates in concrete production. Its utilization addresses critical environmental
concerns by reducing construction and demolition waste and conserving natural resources. Despite RCA's
generally lower mechanical properties, advancements in processing and treatment methods, such as thorough
cleaning and the use of supplementary cementitious materials, can significantly enhance its quality and
performance. These improvements enable RCA to meet the demands of various construction applications,
particularly in non-structural and certain structural uses.

Adopting RCA in concrete mix design not only promotes environmental sustainability but also offers
economic benefits by lowering material costs and disposal fees. While challenges remain, particularly in
achieving consistency and high performance, ongoing research and innovation continue to expand the
potential applications of RCA. By carefully considering and addressing its limitations, the construction
industry can effectively incorporate RCA, leading to more eco-friendly and resource-efficient building
practices, thus contributing to a greener and more resilient built environment.
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