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Abstract- Sustainable materials are becoming increasingly popular as a result of the need for the
building sector to minimize its negative environmental effects. Recycled Concrete Aggregates
(RCA), produced by repurposing demolished concrete buildings, are a viable option. In order to
determine the mechanical characteristics, longevity, and overall environmental impact of
concrete using RCA, this study undertakes an extensive evaluation of the material. This study
examines the literature that already exists using a deductive method of inquiry and an interpretive
approach, as well as methods for gathering secondary data. It is thoroughly assessed how well
RCA-based concrete performs in terms of its compressive property, tensile toughness, modulus
of elastic property, and flexural strength. Additionally, a thorough analysis is done of durability
factors such as nitrate resistance, ionized chloride penetration, as well as freezing-thawing
resistance. A life cycle examination is also carried out to calculate the environmental advantages
of RCA adoption. Important insights regarding the ecological benefits of using RCA-based
material are provided by the assessment of parameters such as emissions of carbon dioxide, usage
of energy, as well as resource use. The findings provide insightful technical information about
whether RCA can be successfully incorporated into construction procedures. This research
contributes to our knowledge of the environmental effects and structural performance of RCA-
based concrete, laying the groundwork for sustainable building practices. The results also point
to areas where RCA integration throughout the construction sector might be improved,
standardized, and further innovated.

Keywords- Recycled Ceramic Aggregates, inconsistent, mechanical characteristics, building
techniques, contaminants contained

CHAPTER 1: INTRODUCTION

1.1 Research background

The tremendous demand for earth's resources, notably for the manufacturing of concrete, in the
building industry is a major factor in environmental deterioration [1]. The extraction of new
aggregates, a step in the traditional manufacture of concrete, is connected to habitat loss and high
energy use. Recycled Ceramic Aggregates (RCA) are a viable substitute that uses trash from
demolished buildings to provide an environmentally friendly alternative. This lessens the
requirement for novel asset extraction while also preventing construction trash from ending up in
landfills [2]. The use of RCA in concrete, however, raises concerns about its mechanical
characteristics, robustness, and long-term performance. Since the findings of earlier research have
been inconsistent, a thorough analysis is required to determine if RCA-based concrete can be
used in real-world settings [3]. By conducting a full performance evaluation and taking into
account elements like strength in compression, durability, and ecological impact, this study
intends to close the knowledge gap and offer insightful information for environmentally friendly
building techniques.
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1.2 Research aim and objectives
Research Aim:

The purpose of the study is to evaluate the effectiveness of recycled concrete aggregates
(RCA) being a sustainable replacement for traditional construction materials.

Objectives:

e To compare the RCA-incorporated concrete's compressive strengths and properties to
conventional concrete.

e To look into the endurance characteristics of RCA-based concrete, such as its capacity to
withstand chemical exposure as well as freeze-thaw cycles.

e To assess how the manufacture of RCA concrete affects the environment in terms of
energy use, carbon emissions, as well as resource use.

e To offer suggestions and instructions for the best application of RCA in mixes of concrete,
taking into account both technical qualities and the surrounding environment.

1.3: Research Rationale

The pressing need to reduce the ecological impact of the building industry serves as the
foundation for this study. Traditional concrete production uses a tremendous amount of
renewable resources and greatly increases the emission of carbon dioxide [4]. Recycled concrete
particles (RCA), which come from demolished buildings, can help relieve the burden on Earth's
resource resources and lessen the amount of garbage that ends up in landfills. However, a
complete understanding of RCA's performance features is necessary for its successful
implementation in concrete [5]. By thoroughly evaluating the mechanical characteristics,
resilience, and environmental impact of RCA-based building materials, this study seeks to close
a major knowledge gap as well as ultimately advance sustainable building techniques.

CHAPTER 2: LITERATURE REVIEW
2.1: Environmental Impact of Conventional Concrete Production

Traditional concrete production has a significant negative impact on the environment.
Gravels, sand, as well as limestone, are among the raw materials extracted throughout the process,
which results in habitat damage and biodiversity loss [6]. A considerable amount of carbon
monoxide (CO2) is released into the environment during the energy-intensive procedure of
making cement, an essential component of concrete. Additionally, additional energy is used and
emissions are produced during the delivery of these ingredients to the concrete-making facility
[7]. The extensive water usage required for curing can put a strain on the local water supply.
Congestion in landfills is also a result of how concrete waste is disposed of after demolition [8].
It is crucial to look into sustainable alternatives because traditional concrete production
contributes significantly to the emission of greenhouse gases and the loss of natural resources.
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Fig. 2.1.1: Environmental Impact of Conventional Concrete

This emphasizes how important it is to research the viability and effectiveness of using
reused concrete aggregates, also known as RCA, as an environmentally friendly alternative in the
manufacturing of concrete, given it has an opportunity to significantly lessen the adverse
environmental effects associated with traditional methods [9].

2.2: Recycled Concrete Aggregates (RCA): Sourcing and Properties

Recycled concrete sand (RCAs) are made by processing as well as crushing leftover
concrete, most of which is obtained from places of construction as well as demolished buildings
[10]. This environmentally friendly substitute for fresh aggregates offers two advantages. First
off, it relieves pressure on rubbish disposal systems by keeping a sizable amount of concrete trash
out of landfills. Second, it lessens the need for new aggregates, lowering the environmental toll
of their mining [11]. Based on elements including the original material composition,
manufacturing methods, and the presence of impurities, RCAs' characteristics can vary greatly.
In general, RCAs display particle size distributions and density that are comparable to those of
natural aggregation [12]. The efficiency of concrete using RCAs may be affected by changes in
strength, the number of pores, and soaking rates.
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Fig. 2.2.1: Recycled Concrete Aggregates

Understanding these characteristics is essential to using RCAs in the manufacturing of
concrete effectively since it enables customized mix designs and assures maximum durability
while upholding sustainability goals [13]. Therefore, a thorough examination of these
characteristics is essential for their effective application in construction methods.

2.3: Previous Studies on RCA-Based Concrete Performance

Previous studies examining the mechanical as well as environmental characteristics of
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concrete including reused concrete aggregates (RCAs) supplied useful insights [14]. The strength
of compression, flexural strength, tensile force, as well as of elastic force have all been evaluated
in these experiments. Findings indicate that while RCA-based concrete frequently demonstrates
appropriate strength for many building applications, there may be a little decrease in initial
hardness compared with standard concrete [15]. Researchers have also investigated the impact of
RCA on characteristics of durability, such as resilience to cycles of freezing and freezing, sodium
chloride penetration, as well as attack by sulfates [16]. Results show that RCA can improve
several durability characteristics, but safety measures must be implemented to reduce any
negative side effects.
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Environmental evaluations have also been done, contrasting the carbon footprints as well
as energy usage of RCA-based concrete with conventional concrete [17]. This research has
largely backed up the advantages of RCA use for the environment.

2.4: Challenges and Considerations in Implementing RCA in Concrete Mixtures

Recycled concrete aggregates (RCA) implementation in concrete mixtures comes with a
number of difficulties and concerns. In order to ensure that the concrete performs as intended, it
is essential that the RCA and cementitious matrix are compatible [18]. To maintain uniform
material properties, quality control is crucial during the procurement and manufacturing of RCA.
The integrity of a piece of concrete can be impacted by contaminants contained in RCA, such as
leftover mortar as well as other impurities, thus they must be carefully evaluated [19]. To provide
sufficient durability and toughness, structural factors must also be taken into account, especially
when utilizing RCA in applications that bear loads [20]. Furthermore, certain implementations of
RCA may need the modification of construction norms and standards.
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Fig. 2.4.1: Use of RCA in Concrete Mixtures

Adoption of RCA-based material may also be influenced by how the general public feels
about and accepts it [21]. Overall, regarding the successful incorporation of RCA in mixes of
concrete and the promotion of environmentally friendly building techniques, an in-depth
awareness of these difficulties and factors is essential.

2.5: Literature Gap

Recycled concrete aggregates (RCA) have received little attention in the prior research,
which largely focuses on technical and durability attributes. Studies that examine the whole range
of performance factors, including impact on the environment, are noticeably lacking, making it
difficult to assess the feasibility of RCA-based polymer for green building techniques.

CHAPTER 3: METHODOLOGY

Duo to comprehend the intricate interactions involving RCA (recycled concrete
aggregates) and traditional aggregates in concrete blends, the methodology known as
interpretivism is used. This method places a strong emphasis on the contextual comprehension of
phenomena and acknowledges that knowledge is generated through interpretation by individuals
[22]. A deductive technique is used to test hypotheses generated from current ideas and empirical
findings. This entails developing focused hypotheses concerning the effect of RCA on particular
qualities and afterward testing them using empirical evidence. In order to give a thorough and
organized description of the features and outcomes of RCA-based concrete, a descriptive study
design is chosen [23]. This design makes it possible to thoroughly examine the mechanical as
well as environmental elements of concrete properties. RCA-based concrete-related technical
reports, professional journals, and existing research are gathered and analyzed as additional
information. Studies involving compressible strength, tensile toughness, modulus of flexibility,
durability traits, and environmental evaluations are included [24]. Additionally included are
RCA's technical details, such as the shape of the particles, capture of water, and particular gravity.
Review and improve the current RCA-based physical literature in-depth, concentrating on studies
that provide precise technical information. Gather pertinent information regarding technology
from relevant publications, such as details on concrete mixture proportions, curing circumstances,
and testing procedures [25]. To evaluate the environmental advantages of RCA implementation,
analyze current life cycle evaluations and impact studies, taking into account elements like
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decreased exploitation of resources, energy use, and release of carbon dioxide. Synthesize the
technical information gathered and make inferences about how RCA-based concrete performs in
comparison to traditional concrete. Comparatively analyze the mechanical characteristics of
RCA-based concrete to that of normal concrete (e.g., compressive resistance using ASTM C39,
torsional strength employing ASTM C496, and modulus of flexibility using ASTM C469) [26].
The technical viability and environmental benefits of using RCA in concrete manufacturing
should be highlighted when you discuss its results in a setting of environmentally conscious
building methods. Based on the technological findings, provide specific suggestions for mixed
design efficiency and building methods [27]. Synthesize all the technical data gathered and,
taking statistical degree of trust and technical applicability into account, infer conclusions about
the endurance of RCA-based aggregate in comparison to conventional concrete construction.

CHAPTER 4: RESULTS
4.1 Mechanical Properties of RCA-Based Concrete

In order to determine the structural appropriateness as well as efficiency of concrete that
contains recycled aggregates from concrete (RCA), its mechanical attributes must be evaluated.
This assessment includes the following crucial factors:

Compressive Strength: Concrete's primary attribute of compressive strength gauges its
capacity to endure axial loads. For applications in structures, it is essential [28]. Through
established standards like ASTM C39, the bending strength of RCA-based pavement is
evaluated.

Tensile Strength: This characteristic describes the concrete's resistance to tension forces.
Although tensile strength is essential for application including pavements as well as slabs,
concrete is naturally weak in tension. To ascertain this attribute, testing procedures like ASTM
C496 are used [29].

Flexural Strength: Flexural strength, also referred to as viscosity of rupture, gauges how
susceptible a substance is to breaking or displacement under force [30]. This is especially
important for applications including beams and bridges wherever concrete components may be
subject to bending pressures. The process for determining flexural strength is described in ASTM
C78.
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Fig. 4.1.1: Mechanical Properties of RCA-Based Concrete

Modulus of Elasticity: This characteristic describes how rigid or stiff the material is. For
structural analysis, it is essential since it describes how the substance deforms under stress. The
method for calculating the value of the modulus material elasticity is described in ASTM C469
[31].

Poisson's Ratio: When something has been subjected to axial forces, the Poisson's Ratios
parameter quantifies the proportion of lateral strain due to axial strain. It is a crucial factor to take
into account in the design of structures and the analysis of finite elements [32].

Shear Strength: The highest load that a substance can support while being sheared is
known as shear strength. It is especially important for buildings with large lateral stresses, as
those in areas susceptible to earthquakes.

Bond Strength: This characteristic gauge how well steel bars or other reinforcing
components adhere to the concrete. It is necessary to guarantee the structural integrity of
reinforced concrete components [33].

4.2 Durability and Long-Term Performance of RCA Concrete

Sustainable building techniques must take durability as well as long-term viability of
concrete containing recycled concrete aggregates (RCA) into account. This assessment includes
the following crucial elements:

Freeze-Thaw Resistance: The attribute known as "freeze-thaw resistance" assesses a
concrete's capacity to stand up to multiple freeze-thaw episodes [34]. It's crucial in areas of cold
where moisture intrusion can cause cracks in the concrete. Standard operating procedures for
performing freeze-thaw experiments are provided by ASTM C666.

Chloride Ion Penetration Resistance: Chloride Ion Television Penetration Resistance tests
determine whether concrete is resistant to chloride ions' intrusion, which can result in the
deterioration of the steel that reinforces it. It is essential for buildings in coastal especially salt-
exposed de-icing conditions [35]. The method for determining an electrical measurement that
indicates concrete's resistance to penetration of chlorine ions is described in ASTM C1202.
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Fig. 4.2.1: Long-Term Performance of RCA Concrete
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Sulfate Resistance: When sulfur compounds in the atmosphere interact with the
constituents of building materials, sulfate attack results [36]. This can cause degeneration and
growth. Testing the material's resistance to sulphate exposure is covered in ASTM C1012.

Abrasion Resistance: This characteristic measures how well the concrete will hold up to
wear as well as erosion over the course of time. In places with frequent travelers or harsh
circumstances, it is especially important [37].

Chemical Resistance: Concrete's ability to withstand chemical assaults, such as contact
with alkaline solutions, acids, or similarly corrosive compounds, is evaluated here [38]. It is
essential for buildings in settings that involve industrial or chemical operations.

4.3 Environmental Footprint and Life Cycle Assessment

A crucial factor in establishing the long-term sustainability of producing concrete that
contains recycled concrete aggregates (RCA) is the environmental impact and life cycle analysis.
Several important factors are taken into account in this evaluation:

Carbon Emissions: This entails calculating the total amount of carbon monoxide (CO2)
released during all stages of the manufacturing, distribution, and construction of the concrete
mixture [39]. It offers information about how RCA-based concrete affects the climate in
comparison to traditional concrete.

Energy Consumption: This measures the whole amount of energy needed to produce,
transport, and build concrete. It takes into consideration the two types of energy inputs, such as
those used in the production of mortar and shipping materials, respectively [40].

Resource Utilization: This entails analyzing how natural resources like cement, water, as
well as aggregates are used to produce RCA-based pavement [41]. It offers information on how
using recycled materials can cut down on the extraction of resources.

Product Footprint

S
i

Fig. 4.3.1: Life Cycle Assessment

Embodied Environmental Impact: This takes into account the environmental effects
connected with the whole life cycle that includes concrete, including the collection of raw
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materials to the dumping at the end of its useful life. It covers effects on water use, ecological
health, and air quality [42].

Waste Generation and Disposal: This evaluates both the environmental effects of trash
disposal in addition to the components of waste generated during the manufacture and building
phases.

Comparative Analysis with Conventional Concrete: This entails contrasting the
environmental impact of RCA-based masonry with that of traditional concrete in order to show
how the application of recycled resources may reduce emissions of carbon dioxide, consumption
of resources, and trash generation [43].

4.4 Quality Assurance and Control in RCA Implementation

To ensure the strength and efficiency of mixes of concrete, inspection and oversight of
quality are essential during the deployment of reclaimed concrete aggregates (RCA). This
procedure incorporates the following significant factors:

RCA Sourcing and Selection: When purchasing RCA, strict quality control procedures
are required [44]. This entails confirming the RCA's origin, thoroughly evaluating the material
to evaluate its physical as well as chemical qualities, and making that the RCA complies with all
applicable regulatory requirements and requirements.

Particle Size Distribution and Gradation: For concrete to have the ideal flexibility and
strength qualities, adequate RCA gradation is essential [45]. Conducting sieve analysis to verify
that the RCA satisfies the required particle distribution standards is a component of quality
control methods.

Contaminant Assessment and Removal: Contaminants like leftover mortar, lumber, or
additional contaminants into RCA can have a big impact on how well concrete performs [46].
Visual assessments, electronic picture analysis, and the use of separation procedures to get rid of
undesired contaminants are all examples of methods for quality assurance.

Root Cause Analysis

Fig. 4.4.1: RCA Implementation

Mix Design Optimization: It is essential to modify the amounts of the mixture of concrete
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to take into account the unique properties of RCA [47]. To guarantee that the final concrete
fulfills the necessary criteria for durability, toughness, and functionality, quality control
techniques include performing trial mixes and efficiency testing.

Adherence to Industry Standards and Specifications: compliance with industry standards
and requirements It is crucial to make sure that the RCA is implemented in accordance with
recognized industry standards and requirements [48]. This involves adhering to the rules
established by groups like ASTM, ACI, and pertinent regional regulatory authorities.

CHAPTER 5: EVALUATION AND CONCLUSION
5.1: Critical Evaluation

An in-depth consideration of a topic's components, presumptions, and implications is
required for critical analysis. It examines underlying ideas and their applicability in-depth, going
beyond the level of surface observations. This method necessitates a discerning approach that
takes into account many viewpoints and potential biases. It necessitates evaluating the data,
technique, and findings and pointing out the merits and drawbacks. A critical examination also
places the topic in broader contexts and takes into account its applicability and prospective
effects. This technique is crucial for separating false information from the truth, especially in
academic and research settings. It develops a deeper knowledge of difficult subjects, challenges
preconceived beliefs, and fosters intellectual rigor. In general, scrutiny is the foundation of
academic research because it encourages defensible, well-supported results.

5.2 Research recommendation

The results of this study lead to the development of several important recommendations
[49]. First, it is suggested to use RCA, or recycled concrete aggregates, in construction
techniques, particularly for non-structural uses where a little lower initial value may be tolerable
[50]. To guarantee consistency as well as purity, quality assurance processes for purchasing and
preparing RCA should also be strictly implemented. The utilization of RCA should be maximized
while still upholding the required levels of performance [51]. The development of novel RCA
processing technologies that are compatible with various types of concrete is also encouraged
[52]. It is advised that the building sector, government agencies, and academic institutions work
together to develop standardized procedures and implementation instructions for RCA [53].
Finally, ongoing assessment and surveillance of RCA-based mortar in practical applications will
yield useful information for improving and validating the sustainability advantages of the
material.

5.3 Future work

Several intriguing paths become apparent when considering potential future directions for
research in the area of RCA (reused concrete aggregates) as well as their incorporation into
construction methods. The development of processing methods is one strong direction.
Innovative approaches that incorporate cutting-edge crushing and screening technology have the
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ability to further improve RCA quality, hence reducing worries about impurities as well as
contaminants [54]. The thorough assessment of long-term structural integrity is another crucial
area that is ready for further investigation. Long-term, meticulous field research projects hold the
promise of providing priceless insights on the long-term performance of RCA-infused concrete
structures. Such empirical information can shed light on important aspects of durability, upkeep
requirements, and overall architectural resilience. Further consideration is also warranted by the
possibility of adapting RCA mix layouts to particular applications. A newly emerging field with
a lot of potential is the improvement of RCA compositions for various applications, including in
foundations, roadways, and or building components [55]. This project aims to achieve a careful
balance between maximizing performance and minimizing environmental effects. Along with
this, a full assessment of the economy is merited. The economic viability of implementing RCA
within the building process can be determined by conducting thorough life cycle cost analyses
that cover material purchasing, production, and continuing maintenance, including eventual
disposal.

REFERENCES

[1] F. H. Naser et al, "Mechanical properties and flexural behaviour of green light weight concrete
beams exposure to salty soils," IOP Conference Series.Earth and Environmental Science, vol.
1232, (1), pp. 012023, 2023. Available: https://www.proquest.com/scholarly-
journals/mechanical-properties-flexural-behaviour-green/docview/2869294927/se-2. DOI:
https://doi.org/10.1088/1755-1315/1232/1/012023.

[2] M. Verma et al, "Analysis of the properties of recycled aggregates concrete with lime and
metakaolin," Materials Research Express, vol. 10, (9), pp. 095508, 2023. Available:
https://www.proquest.com/scholarly-journals/analysis-properties-recycled-aggregates-
concrete/docview/2867589366/se-2. DOI: https://doi.org/10.1088/2053-1591/acf983.

[3] H. Panghal and A. Kumar, "Effects of surface modified recycled coarse aggregates on
concrete’s mechanical characteristics," Materials Research Express, vol. 10, (9), pp. 095506,
2023. Available: https://www.proquest.com/scholarly-journals/effects-surface-modified-
recycled-coarse/docview/2867589316/se-2. DOI: https://doi.org/10.1088/2053-1591/acf915.

[4] Arjun Raj P.K. er al, "Rubberized Geopolymer Mortar and Concrete: A Comprehensive
Review," IOP Conference Series.Earth and Environmental Science, vol. 1149, (1), pp. 012009,
2023. Available: https://www.proquest.com/scholarly-journals/rubberized-geopolymer-mortar-
concrete/docview/2814467318/se-2. DOI: https://doi.org/10.1088/1755-1315/1149/1/012009.

[5] M. Sheraz et al, "Fresh and hardened properties of waste rubber tires based concrete: a state
art of review," SN Applied Sciences, vol. 5, (4), pp. 119, 2023. Available:
https://www.proquest.com/scholarly-journals/fresh-hardened-properties-waste-rubber-
tires/docview/2791468861/se-2. DOI: https://doi.org/10.1007/s42452-023-05336-5.

[6] Z. Jia et al, "Green Thermal Aggregates: Influence of the Physical Properties of Recycled
Aggregates with Phase Change Materials," Materials, vol. 16, (18), pp. 6267, 2023. Available:
https://www.proquest.com/scholarly-journals/green-thermal-aggregates-influence-
physical/docview/2869447427/se-2. DOI: https://doi.org/10.3390/mal6186267.

9533



MACHINE INTELLIGENCE RESEARCH ISSN:2153-182X, E-ISSN: 2153-1838
Vol. 17 No. 02 (2023)

[7] P. G. Yajish Giri A/L et al, "Mechanical and Microstructural Properties of Rubberized
Geopolymer Concrete: Modeling and Optimization," Buildings, vol. 13, (8), pp. 2021, 2023.
Available: https://www.proquest.com/scholarly-journals/mechanical-microstructural-properties-
rubberized/docview/2856968554/se-2. DOI: https://doi.org/10.3390/buildings13082021.

[8] C. Govardhan and V. Gayathri, "Experimental Investigation on Ternary Blended Recycled
Aggregate Concrete Using Glass Fibers," Buildings, vol. 13, (8), pp. 1961, 2023. Available:
https://www.proquest.com/scholarly-journals/experimental-investigation-on-ternary-
blended/docview/2856968152/se-2. DOI: https://doi.org/10.3390/buildings13081961.

[9] A. S. Mohammed Qusay, M. Farzam and K. A. Sukkar, "Development and Performance
Evaluation of UHPC and HPC Using Eco-Friendly Additions as Substitute Cementitious
Materials with Low Cost," Buildings, vol. 13, (8), pp. 2078, 2023. Available:
https://www.proquest.com/scholarly-journals/development-performance-evaluation-uhpc-hpc-
using/docview/2856968079/se-2. DOI: https://doi.org/10.3390/buildings13082078.

[10] O. Mitrosz et al, "Influence of the Addition of Recycled Aggregates and Polymer Fibers on
the Properties of Pervious Concrete," Materials, vol. 16, (15), pp. 5222, 2023. Available:
https://www.proquest.com/scholarly-journals/influence-addition-recycled-aggregates-
polymer/docview/2849039105/se-2. DOI: https://doi.org/10.3390/mal6155222.

[11] A. Patchen et al, "Lower Carbon Footprint Concrete Using Recycled Carbon Fiber for
Targeted Strength and Insulation," Materials, vol. 16, (15), pp. 5451, 2023. Available:
https://www.proquest.com/scholarly-journals/lower-carbon-footprint-concrete-using-
recycled/docview/2849038177/se-2. DOI: https://doi.org/10.3390/mal6155451.

[12] A. Fawzy, A. Elshami and A. Seleem, "Investigating the Effects of Recycled Aggregate and
Mineral Admixtures on the Mechanical Properties and Performance of Concrete," Materials, vol.
16, (14), pp. 5134, 2023. Available: https://www.proquest.com/scholarly-journals/investigating-
effects-recycled-aggregate-mineral/docview/2843080561/se-2. DOL:
https://doi.org/10.3390/mal6145134.

[13] H. E. Naggar and A. Abu Abdo M., "Properties and Behavior of Rubberized Concrete
Enhanced with PVA Fibers," Buildings, vol. 13, (7), pp. 1681, 2023. Available:

https://www.proquest.com/scholarly-journals/properties-behavior-rubberized-concrete-
enhanced/docview/2843045715/se-2. DOI: https://doi.org/10.3390/buildings13071681.

[14] S. Kashkash, O. Czoboly and Z. Orban, "Effect of Moisture Condition and the Composition
of Aggregate from Demolition Waste on Strength and Workability Properties of Recycled
Concrete," Buildings, vol. 13, (7), pp. 1870, 2023. Available:
https://www.proquest.com/scholarly-journals/effect-moisture-condition-composition-
aggregate/docview/2843045684/se-2. DOI: https://doi.org/10.3390/buildings13071870.

[15] L. S. Silva et al, "A Comprehensive Review of Stone Dust in Concrete: Mechanical
Behavior, Durability, and Environmental Performance," Buildings, vol. 13, (7), pp. 1856, 2023.
Available: https://www.proquest.com/scholarly-journals/comprehensive-review-stone-dust-
concrete/docview/2843045446/se-2. DOI: https://doi.org/10.3390/buildings13071856.

[16] S. H. Helmy et al, "The Use of Recycled Tire Rubber, Crushed Glass, and Crushed Clay
Brick in Lightweight Concrete Production: A Review," Sustainability, vol. 15, (13), pp. 10060,

9534



MACHINE INTELLIGENCE RESEARCH ISSN:2153-182X, E-ISSN: 2153-1838
Vol. 17 No. 02 (2023)

2023. Available: https://www.proquest.com/scholarly-journals/use-recycled-tire-rubber-
crushed-glass-clay-brick/docview/2836516237/se-2. DOI: https://doi.org/10.3390/sul51310060.

[17] A. A. Abadel, "Physical, Mechanical, and Microstructure Characteristics of Ultra-High-
Performance Concrete Containing Lightweight Aggregates," Materials, vol. 16, (13), pp. 4883,
2023. Available: https://www.proquest.com/scholarly-journals/physical-mechanical-
microstructure/docview/2836471703/se-2. DOI: https://doi.org/10.3390/mal6134883.

[18] P. Li et al, "Effect of Permeable Crystalline Materials on the Mechanical and Porosity
Property of Recycled Aggregate and Recycled Aggregate Concrete," Materials, vol. 16, (13), pp.
4596, 2023. Available:  https://www.proquest.com/scholarly-journals/effect-permeable-
crystalline-materials-on/docview/2836463400/se-2. DOI: https://doi.org/10.3390/mal6134596.

[19] C. P. Suvash et al, "Treated Waste Tire Using Cement Coating as Coarse Aggregate in the
Production of Sustainable Green Concrete," Eng, vol. 4, (2), pp. 1432, 2023. Available:
https://www.proquest.com/scholarly-journals/treated-waste-tire-using-cement-coating-as-
coarse/docview/2829795470/se-2. DOI: https://doi.org/10.3390/eng4020083.

[20] S. Han et al, "Performance Improvement of Recycled Concrete Aggregates and Their
Potential Applications in Infrastructure: A Review," Buildings, vol. 13, (6), pp. 1411, 2023.
Available:  https://www.proquest.com/scholarly-journals/performance-improvement-recycled-
concrete/docview/2829775361/se-2. DOI: https://doi.org/10.3390/buildings13061411.

[21] T. A. Muhammad et a/, "Synergistic Effect of Micro-Silica and Recycled Tyre Steel Fiber
on the Properties of High-Performance Recycled Aggregate Concrete," Sustainability, vol. 15,
(11), pp. 8642, 2023. Available: https://www.proquest.com/scholarly-journals/synergistic-effect-
micro-silica-recycled-tyre/docview/2824059688/se-2. DOL: https://doi.org/10.3390/sul5118642.

[22] R. Hameed et a/, "Impact of Compression Casting Technique on the Mechanical Properties
of 100% Recycled Aggregate Concrete," Sustainability, vol. 15, (10), pp. 8153, 2023. Available:
https://www.proquest.com/scholarly-journals/impact-compression-casting-technique-
on/docview/2819483707/se-2. DOI: https://doi.org/10.3390/sul5108153.

[23] M. E. Sosa and C. J. Zega, "Experimental and Estimated Evaluation of Drying Shrinkage of
Concrete Made with Fine Recycled Aggregates," Sustainability, vol. 15, (9), pp. 7666, 2023.
Available: https://www.proquest.com/scholarly-journals/experimental-estimated-evaluation-
drying/docview/2812739995/se-2. DOI: https://doi.org/10.3390/sul15097666.

[24] P. P. Sivakumar et a/, "Durability Performance of Hybrid Binder Concretes Containing Non-
Ferrous Slag and Recycled Aggregates," Sustainability, vol. 15, (8), pp. 6338, 2023. Available:
https://www.proquest.com/scholarly-journals/durability-performance-hybrid-binder-
concretes/docview/2806621898/se-2. DOI: https://doi.org/10.3390/sul5086338.

[25] A. Merino-Lechuga et al, "Accelerated Carbonation of Vibro-Compacted Porous Concrete
for Eco-Friendly Precast Elements," Materials, vol. 16, (8), pp. 2995, 2023. Available:
https://www.proquest.com/scholarly-journals/accelerated-carbonation-vibro-compacted-
porous/docview/2806575685/se-2. DOI: https://doi.org/10.3390/mal16082995.

[26] M. Lerna et al, "Effect of the Chemical and Mechanical Recycling of PET on the Thermal
and Mechanical Response of Mortars and Premixed Screeds," Materials, vol. 16, (8), pp. 3155,
2023. Awvailable: https://www.proquest.com/scholarly-journals/effect-chemical-mechanical-

9535



MACHINE INTELLIGENCE RESEARCH ISSN:2153-182X, E-ISSN: 2153-1838
Vol. 17 No. 02 (2023)

recycling-pet-on/docview/2806562293/se-2. DOI: https://doi.org/10.3390/mal16083155.

[27] X. Hui-Zhu et al, "Effects of Solid Waste Reutilization on Performance of Pervious
Concrete: A Review," Sustainability, vol. 15, (7), pp. 6105, 2023. Available:
https://www.proquest.com/scholarly-journals/effects-solid-waste-reutilization-on-
performance/docview/2799793299/se-2. DOI: https://doi.org/10.3390/sul5076105.

[28] H. Ganesan et al, "Impact of Fine Slag Aggregates on the Final Durability of Coal Bottom
Ash to Produce Sustainable Concrete," Sustainability, vol. 15, (7), pp. 6076, 2023. Available:
https://www.proquest.com/scholarly-journals/impact-fine-slag-aggregates-on-final-
durability/docview/2799705629/se-2. DOL: https://doi.org/10.3390/sul5076076.

[29] K. Ali et al, "Influence of Recycled Plastic Incorporation as Coarse Aggregates on Concrete
Properties,"  Sustainability, vol. 15, (7), PP- 5937, 2023.  Available:
https://www.proquest.com/scholarly-journals/influence-recycled-plastic-incorporation-
as/docview/2799705245/se-2. DOLI: https://doi.org/10.3390/su15075937.

[30] S. J. Herbert et al, "A Comprehensive Review on Recycling of Construction Demolition
Waste in Concrete," Sustainability, vol. 15, (6), pp. 4932, 2023. Available:
https://www.proquest.com/scholarly-journals/comprehensive-review-on-recycling-
construction/docview/2791743205/se-2. DOI: https://doi.org/10.3390/sul15064932.

[31] K. Sapkota et al, "Mechanical Characteristics and Durability of HMA Made of Recycled
Aggregates,"  Sustainability,  vol. 15,  (6), pp. 5594, 2023. Available:
https://www.proquest.com/scholarly-journals/mechanical-characteristics-durability-hma-
made/docview/2791712643/se-2. DOI: https://doi.org/10.3390/su15065594.

[32] S. Abbas et al, "Alkali-Silica Reactivity Potential of Reactive and Non-Reactive Aggregates
under Various Exposure Conditions for Sustainable Construction," Sustainability, vol. 15, (6),
pp- 4927, 2023. Available: https://www.proquest.com/scholarly-journals/alkali-silica-reactivity-
potential-reactive-non/docview/2791710425/se-2. DOI: https://doi.org/10.3390/sul15064927.

[33] S. Bandara, K. Wijesundara and P. Rajeev, "Ultra-High-Performance Fibre-Reinforced
Concrete for Rehabilitation and Strengthening of Concrete Structures: A Suitability Assessment,"
Buildings, vol. 13, (3), pp. 614, 2023. Available: https://www.proquest.com/scholarly-
journals/ultra-high-performance-fibre-reinforced-concrete/docview/2791599849/se-2. DOI:
https://doi.org/10.3390/buildings13030614.

[34] E. Sosa et al, "Absorption Variation with Particle Size of Recycled Fine Aggregates
Determined by the Electrical Method," Applied Sciences, vol. 13, (3), pp. 1578, 2023. Available:
https://www.proquest.com/scholarly-journals/absorption-variation-with-particle-size-
recycled/docview/2779899502/se-2. DOI: https://doi.org/10.3390/app13031578.

[35] Marco D’Orazio, E. D. Giuseppe and M. Carosi, "Life Cycle Assessment of Mortars with
Fine Recycled Aggregates from Industrial Waste: Evaluation of Transports Impact in the Italian
Context," Sustainability, vol. 15, (4), pp- 3221, 2023. Available:
https://www.proquest.com/scholarly-journals/life-cycle-assessment-mortars-with-fine-
recycled/docview/2779695041/se-2. DOI: https://doi.org/10.3390/sul15043221.

[36] M. Etxeberria and S. Castillo, "How the Carbonation Treatment of Different Types of
Recycled Aggregates Affects the Properties of Concrete," Sustainability, vol. 15, (4), pp. 3169,

9536



MACHINE INTELLIGENCE RESEARCH ISSN:2153-182X, E-ISSN: 2153-1838
Vol. 17 No. 02 (2023)

2023. Available:  https://www.proquest.com/scholarly-journals/how-carbonation-treatment-
different-types/docview/2779691123/se-2. DOI: https://doi.org/10.3390/su15043169.

[37] W. Tang et al, "Influence of Mechanical Screened Recycled Coarse Aggregates on
Properties of Self-Compacting Concrete," Materials, vol. 16, (4), pp. 1483, 2023. Available:
https://www.proquest.com/scholarly-journals/influence-mechanical-screened-recycled-
coarse/docview/2779592171/se-2. DOI: https://doi.org/10.3390/ma16041483.

[38] M. Sambucci, I. Biblioteca and M. Valente, "Life Cycle Assessment (LCA) of 3D Concrete
Printing and Casting Processes for Cementitious Materials Incorporating Ground Waste Tire
Rubber," Recycling, vol. 8, (1), pp. 15, 2023. Available: https://www.proquest.com/scholarly-
journals/life-cycle-assessment-lca-3d-concrete-printing/docview/2779567776/se-2. DOI:
https://doi.org/10.3390/recycling8010015.

[39] L. Sang-Yum, K. Young-Min and T. H. M. Le, "Laboratory and Field Testbed Evaluation
of the Performance of Recycled Asphalt Mixture Using High-Penetration Asphalt," Buildings,
vol. 13, (2), pp. 529, 2023. Available: https://www.proquest.com/scholarly-journals/laboratory-
field-testbed-evaluation-performance/docview/2779536478/se-2. DOI:
https://doi.org/10.3390/buildings13020529.

[40] J. Dzigciot and W. Sas, "Perspective on the Application of Machine Learning Algorithms
for Flow Parameter Estimation in Recycled Concrete Aggregate," Materials, vol. 16, (4), pp.
1500,  2023. Available: https://www.proquest.com/scholarly-journals/perspective-on-
application-machine-learning/docview/2779533062/se-2. DOLIL:
https://doi.org/10.3390/ma16041500.

[41] A. Cojocaru et al, "Assessment of Thermal and Mechanical Properties of Cement-Based
Materials—Part 1: Crumb Rubber Concrete," Buildings, vol. 13, (2), pp. 324, 2023. Available:
https://www.proquest.com/scholarly-journals/assessment-thermal-mechanical-properties-
cement/docview/2779468185/se-2. DOI: https://doi.org/10.3390/buildings13020324.

[42] P. Tamayo et al, "Fatigue Behaviour of Concrete Using Siderurgical Aggregates," Applied
Sciences, vol. 13, (4), pp. 2439, 2023. Available: https://www.proquest.com/scholarly-
journals/fatigue-behaviour-concrete-using-siderurgical/docview/2779441854/se-2. DOL:
https://doi.org/10.3390/app13042439.

[43] S. K. R et al, "Performance Assessment and Engineering behaviour of Cement Concrete
with partially Replaced Foundry Sand as Fine Aggregate," IOP Conference Series.Earth and
Environmental  Science,  vol. 1130, (1), pp. 012007, 2023.  Available:
https://www.proquest.com/scholarly-journals/performance-assessment-engineering-
behaviour/docview/2768745922/se-2. DOI: https://doi.org/10.1088/1755-1315/1130/1/012007.

[44] S. A. Martini, A. Khartabil and R. Sabouni, "Evaluation of Thermal Conductivity of
Sustainable Concrete Having Supplementary Cementitious Materials (SCMs) and Recycled
Aggregate (RCA) Using Needle Probe Test," Sustainability, vol. 15, (1), pp. 109, 2023.
Available: https://www.proquest.com/scholarly-journals/evaluation-thermal-conductivity-
sustainable/docview/2761210689/se-2. DOI: https://doi.org/10.3390/su15010109.

[45] N. Garcia-Troncoso et al, "Effects of Recycled Rubber Particles Incorporated as Partial Sand
Replacement on Fresh and Hardened Properties of Cement-Based Concrete: Mechanical,

9537



MACHINE INTELLIGENCE RESEARCH ISSN:2153-182X, E-ISSN: 2153-1838
Vol. 17 No. 02 (2023)

Microstructural and Life Cycle Analyses," Materials, vol. 16, (1), pp. 63, 2023. Available:
https://www.proquest.com/scholarly-journals/effects-recycled-rubber-particles-incorporated-
as/docview/2761189089/se-2. DOI: https://doi.org/10.3390/ma16010063.

[46] S. H. A. Shah ef al, "Mechanical performance and environmental impact of normal strength
concrete incorporating various levels of coconut fiber and recycled aggregates," Environmental
Science and Pollution Research, vol. 29, (55), pp. 83636-83651, 2022. Available:
https://www.proquest.com/scholarly-journals/mechanical-performance-environmental-
impact/docview/2733854362/se-2. DOI: https://doi.org/10.1007/s11356-022-21608-w.

[47] M. Sastri and K. J. Rao, "Studies on the effect of recycled concrete aggregates on concrete
with mixed fibre and pozzolans," IOP Conference Series.Earth and Environmental Science, vol.
1086, (1), pp- 012010, 2022. Available: https://www.proquest.com/scholarly-journals/studies-on-
effect-recycled-concrete-aggregates/docview/2724706557/se-2. DOI:
https://doi.org/10.1088/1755-1315/1086/1/012010.

[48] S. panda and T. Jena, "The Use of Recycled Aggregates on Mechanical Properties of
Concrete: A Review," IOP Conference Series.Earth and Environmental Science, vol. 982, (1),
pp. 012027, 2022. Available: https://www.proquest.com/scholarly-journals/use-recycled-
aggregates-on-mechanical-properties/docview/2640009795/se-2. DOLI:
https://doi.org/10.1088/1755-1315/982/1/012027.

[49] A. 1. Mais et al, "Mechanical Properties of Concrete Produced by Light Cement-Based
Aggregates,"  Sustainability,  vol. 14, (23), pp. 15991, 2022. Available:
https://www.proquest.com/scholarly-journals/mechanical-properties-concrete-produced-
light/docview/2748570290/se-2. DOI: https://doi.org/10.3390/su142315991.

[50] M. Dutkiewicz, H. E. Yiicel and F. Yildizhan, "Evaluation of the Performance of Different
Types of Fibrous Concretes Produced by Using Wollastonite," Materials, vol. 15, (19), pp. 6904,

2022. Available: https://www.proquest.com/scholarly-journals/evaluation-performance-
different-types-fibrous/docview/2724275358/se-2. DOL: https://doi.org/10.3390/mal15196904.

[51] C. M. Lucas et al, "Environmental Performance of Deconstructable Concrete Beams Made
with Recycled Aggregates," Sustainability, vol. 14, (18), pp. 11457, 2022. Available:
https://www.proquest.com/scholarly-journals/environmental-performance-
deconstructable/docview/2716586896/se-2. DOI: https://doi.org/10.3390/sul41811457.

[52] B. Nikmehr and R. Al-Ameri, "A State-of-the-Art Review on the Incorporation of Recycled
Concrete Aggregates in Geopolymer Concrete," Recycling, vol. 7, (4), pp. 51, 2022. Available:
https://www.proquest.com/scholarly-journals/state-art-review-on-incorporation-
recycled/docview/2706310664/se-2. DOI: https://doi.org/10.3390/recycling7040051.

[53] A. Salesa et al, "Evaluation of Characteristics and Building Applications of Multi-Recycled
Concrete Aggregates from Precast Concrete Rejects," Materials, vol. 15, (16), pp. 5714, 2022.
Available:  https://www.proquest.com/scholarly-journals/evaluation-characteristics-building-
applications/docview/2706251156/se-2. DOI: https://doi.org/10.3390/mal5165714.

[54] F. Alrshoudi, A. S. Ubair and O. Y. Alothman, "Evaluation of the Effect of Recycled
Polypropylene as Fine Aggregate Replacement on the Strength Performance and Chloride
Penetration of Mortars," Polymers, vol. 14, (14), pp. 2806, 2022. Available:

9538



MACHINE INTELLIGENCE RESEARCH ISSN:2153-182X, E-ISSN: 2153-1838
Vol. 17 No. 02 (2023)

https://www.proquest.com/scholarly-journals/evaluation-effect-recycled-polypropylene-as-
fine/docview/2694045866/se-2. DOI: https://doi.org/10.3390/polym14142806.

[55] R. Wu et al, "Effects of Different Factors on the Performance of Recycled Aggregate
Permeable Pavement Concrete," Materials, vol. 15, (13), pp. 4566, 2022. Available:
https://www.proquest.com/scholarly-journals/effects-different-factors-on-performance-
recycled/docview/2686103012/se-2. DOI: https://doi.org/10.3390/mal5134566.

9539



