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technologies shaping Industry 4.0 to explore the integration of modern computational
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This book explores key areas where computational techniques significantly enhance
manufacturing performance, including finite element analysis (FEA), computational fluid
dynamics (CFD), design optimization, machine learning, and digital twins. It addresses
applications in advances in manufacturing, machining, welding, casting, and forming pro-
cesses. Case studies demonstrate how simulation-based design reduces trial-and-error in
process development, while optimization algorithms improve dimensional accuracy, surface
quality, and energy efficiency. Chapters also cover the role of AI in predictive maintenance,
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Preface

Welcome to the International Conference on Computational Techniques and Smart
Manufacturing (ICCTSM - 2025), hosted at Chittoor, from 18th–19th July 2025. It is our
great pleasure to gather esteemed scholars, practitioners, and experts from around the globe
for an engaging and enriching event dedicated to Computational Techniques and Smart
Manufacturing. In a world that is increasingly interconnected and dynamic, ICCTSM- 2025
provides a vital platform for the exchange of knowledge, ideas, and innovations. Our theme
this year, “Computational Techniques and Smart Manufacturing,” underscores the pressing
need to explore new frontiers and address the challenges that lie ahead. Through a diverse
array, we aim to foster a spirit of collaboration and mutual learning.

The editors would like to thank the participants who have contributed to the volume that
has been selected. Efforts taken by peer reviewers contributed to improving the quality of
papers. Providing constructive critical comments, improvements, and corrections to the
authors is greatly appreciated. We are very grateful to the International/National advisory
committee, keynote speakers, Session Chairs, and student volunteers. The Computational
Techniques and Smart Manufacturing bring together participants from Oman, South Africa,
Malaysia, and the USA, each contributing their unique perspectives and expertise. We also
express our gratitude to every staff member of the Department of Mechanical Engineering
for their solid contribution as the conference organizer and to the Management of VEMU
Institute of Technology (A), Chittoor, A.P., India, for their constant support towards
ICCTSM-2025.

During the two days of the conference, the researchers presented the most recent findings
in computational techniques from various disciplines and Smart Manufacturing. Also, we
are thankful to all the authors who submitted papers, because of which the conference
became a stay of success. It was the quality of their presentations and their passion to
communicate with the other participants that made this conference series a grand success.
Finally, we are thankful for the enormous support of CRC Press in supporting us in every
step of our journey towards success. Their support was not only a strength but also an
inspiration for organizers.

Dr. Harinadh Vemanaboina
Convener, ICCTSM-2025

xv

Computational Techniques and Smart Manufacturing – Ferro, Vemanaboina and Prakash (Eds)
© 2026 The Editor(s), ISBN: 978-1-041-15465-5



https://taylorandfrancis.
com-

https://taylorandfrancis.
com-

https://taylorandfrancis.
com-

https://taylorandfrancis.
com-

https://taylorandfrancis.
com-

https://taylorandfrancis.
com-

https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com


Acknowledgements

The organizing committee of the 2nd International Conference on Computational
Techniques and Smart Manufacturing (ICCTSM-2025) extends its heartfelt gratitude to all
contributors who made this event a success. We sincerely thank our keynote speakers, ses-
sion chairs, and paper reviewers for their valuable insights and academic contributions. We
also acknowledge the dedicated efforts of the organizing and technical committees, volun-
teers, and participants whose enthusiasm and cooperation have ensured the smooth conduct
of this conference. Finally, we extend our thanks to all delegates for sharing their innovative
research and fostering meaningful discussions that advance the fields of computational
techniques and smart manufacturing.

xvii

Computational Techniques and Smart Manufacturing – Ferro, Vemanaboina and Prakash (Eds)
© 2026 The Editor(s), ISBN: 978-1-041-15465-5



https://taylorandfrancis.
com-

https://taylorandfrancis.
com-

https://taylorandfrancis.
com-

https://taylorandfrancis.
com-

https://taylorandfrancis.
com-

https://taylorandfrancis.
com-

https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com


Editor biographies

Paolo Ferro is Full Professor of Metallurgy and Materials
Selection at the University of Padua (Italy). He received his
Ph.D. degree from the University of Padua in Metallurgical
Engineering. He was the scientific director of the research
program ‘Numerical and Experimental Determination of
Residual Stresses in Welded Joints and their Influence on
Fatigue Strength’. He won the prize for young researchers
‘Aldo Daccò’ in 2002 and has published more than 200 works.

His research is mainly focused on the analytical and numerical modelling of welding, heat
treatment and additive manufacturing processes, with particular attention to residual stresses
assessment and their influence on the structural integrity of metallic components.

Harinadh Vemanaboina is an Associate Professor at the
Department of Mechanical Engineering, VEMU Institute of
Technology, Chittoor, Andhra Pradesh. He has more than 14
years of research and teaching experience. He published more
than 70 works and his area of research is Welding Technology
(simulation, experimental, conventional and laser processes),
Additive Manufacturing (SLM), and Optimization of Process
parameters. He is also a guest editor for Recent Patents on

Engineering (Scopus), AIP conference proceedings (Scopus, WoS Indexed) for ICSMSM-
2022, ICCTSM-2024, and ICASMMT-2024.

Chander Prakash is Vice Chancellor, Sanskaram University,
Jhajjar, Haryana (NCR), India. He has served as the Pro-Vice
Chancellor, Chandigarh University; Dean-Research &
Development at SVKM’s Narsee Monjee Institute of
Management Studies and Lovely Professional University. He
is a dedicated teacher and researcher who embraces student-
centric approaches, providing experiential learning to his stu-
dents. He is interested in developing materials for biomedical

and healthcare applications, additive manufacturing, and exploring new cost-effective
manufacturing technologies. He has published over 525 (480 SCI/Scopus) scientific articles
in reputable peer-reviewed journals, conferences, and books.

He is a highly cited researcher at the international level, and he has 11944 citations, an H-
index of 62, and an i-10 index of 227. He is consistently featured in the list of India’s Top 1%
of leading scientists of Mechanical and Aerospace Engineering on Research.com (2022 and
2023) and held the 24th rank in India and 1414th rank in the world in 2023. He has also been
ranked among Stanford’s top 2% researchers in 2021, 2022, 2023, 2024 and 2025. He has
edited/authored 25 books, served as a series editor of 2 books and as guest editor of several
peer-reviewed journals. He is an Editorial board member of Journal of Magnesium and
Alloys (IF-17.6, SJR 2.4, Q1), Nanofabrication (IF-2.9, Q2); International Journal on
Interactive Design and Manufacturing, IJIDeM (IF-2.1); Cogent Engineering (WOS, IF:

xix

Computational Techniques and Smart Manufacturing – Ferro, Vemanaboina and Prakash (Eds)
© 2026 The Editor(s), ISBN: 978-1-041-15465-5



1.9), High-Temperature Materials and Processes (IF: 1.5), Journal of EleScience and
Engineering (IF: 2.1), Materials Circular Economy: Science, Engineering, and
Sustainability. He has raised over 1.2 million USD in grants from various national and
international bodies, including the Ministry of Science & Technology India, UKIERI-DST
and SERB Government of India. He has a strong global network of >400 researchers in
different fields of study.

xx



Organizing committee

Patrons
Dr. K. Chandra Sekhar Naidu
Chairman, VEMUIT

Organizing Chairs
Dr. Naveen Kilari
Principal, VEMUIT

Convener
Dr. Harinadh Vemanaboina
Professor, and Dean R&D, VEMUIT

Co-convener
Dr. P. Chenga Reddy,
Professor, Department of ME, VEMUIT
Dr. G. Omkar,
Professor, Department of CE, VEMUIT

Organizing Secretary
Dr. G. Harinath Gowd
Professor, Department of ME, VEMUIT
Dr. T. Yeswanth Sai
Professor, Department of CE, VEMUIT

Coordinators:
Dr. P. Kumar, Department of ME
Dr. M. Venkatesulu, Department of ME
Dr. A. Tamilarasan, Department of CE

Session Chairs
Dr. Panchagnula Jayaprakash Sharma
Associate Professor, Birla Institute of Technology and Science, Pilani, Pilani, India

Dr. MVV Prasad Kantipudi
Associate Professor, Symbiosis Institute of Technology, Symbiosis International (Deemed
University), Pune

Dr. B. Suresh Babu
Associate Professor, Sreyas Institute of Engineering and Technology, Hyderabad, India

Dr. K. Veera Raghavulu
Associate Professor, Marri Laxman Reddy Institute of Technology and Management,
Hyderabad, India

Dr. Alhafadhi Dakhil Mahmood Hasan,
Associate Professor, Department of Mechanical and Energetic, University of Dunaújváros,
Dunaújváros, Hungary

Computational Techniques and Smart Manufacturing – Ferro, Vemanaboina and Prakash (Eds)
© 2026 The Editor(s), ISBN: 978-1-041-15465-5

xxi



https://taylorandfrancis.
com-

https://taylorandfrancis.
com-

https://taylorandfrancis.
com-

https://taylorandfrancis.
com-

https://taylorandfrancis.
com-

https://taylorandfrancis.
com-

https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com


Scientific and review committee

1. Dr. Alhafadhi Dakhil Mahmood Hasan, University of Sumer, Rifai, IRAQ
2. Dr. Deepa Kodali, Christian Brothers University, USA
3. Dr. Mohd Rizal Alkahari, Universiti Teknikal Malaysia Melaka, Malaysia
4. Dr. Suresh Babu, Sreyas Institute of Engineering and Technology, Hyderabad, India
5. Dr. Swathi Gowroju, Sreyas Institute of Engineering and Technology, Hyderabad, India
6. Dr. G. Edison, Vellore Institute of Technology, India
7. Dr. P. Chenga Reddy, VEMU Institute of Technology, India
8. Dr. Abhishek Dasore, Universiti Putra Malaysia, Malaysia
9. Dr. Gulshan Kumar, BITS Pilani-Dubai Campus
10. Dr. B. Durga Prasad, Professor, JNTUA, Ananthapuramu, India
11. Dr. Dimas Firmanda Al Riza, Universitas Brawijaya, Indonesia
12. Dr. Amarnathvarma Angani, Korea Institute of Industrial Technology, Republic

of Korea
13. Dr. Teressa Talluri, Kwangju Women’s University,South Korea
14. Sameer Sheshrao Gajghate, Universiti Malaysia Pahang Al-Sultan Abdullah, Malaysia
15. Dr. Ashif Perwez, Hunan University, Changsha, Hunan, China
16. Dr. Muhammad Usman, Institute of Innovative Research, Tokyo Institute of

Technology, Japan.

Computational Techniques and Smart Manufacturing – Ferro, Vemanaboina and Prakash (Eds)
© 2026 The Editor(s), ISBN: 978-1-041-15465-5

xxiii



https://taylorandfrancis.
com-

https://taylorandfrancis.
com-

https://taylorandfrancis.
com-

https://taylorandfrancis.
com-

https://taylorandfrancis.
com-

https://taylorandfrancis.
com-

https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com
https://taylorandfrancis.com


Session 1 Track: Manufacturing processing



https://taylorandfrancis.
com-

https://taylorandfrancis.com
https://taylorandfrancis.com


RCA and LDPE partial replacement in bituminous mixtures
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ABSTRACT: As road construction materials become more innovative, construction
companies are looking closer at waste materials, such as Recycled Concrete Aggregate
(RCA) and Low-Density Polyethylene (LDPE) in bituminous mixtures, as possible sources.
This research focuses on bitumen modified with LDPE weight percentages and aggregates
partially replaced with RCA. Laboratory analysis and tests were conducted on the pene-
trative and ductile Marshal mixtures, as well as the impact values of mobile and durable
characteristic aggregates. It was demonstrated that an increased binder content increases the
likelihood of performance at 2-4% LDPE, and that the binder tends towards optimum
softness and ductility as it incorporates more LDPE. The Marshall weight showed that more
than 4% LDPE decreased the weight supported, while less than 4% increased it. It was found
that 30% RCA replacement had the highest Aggregate Impact Value. The 4% LDPE and
30% RCA turned out to be the best combination in terms of strength with durability. This
combination, while still having a balance with waste management and LDPE durable waste,
is environmentally sustainable. This technique would be beneficial for eco-friendly pavement
construction. Development can be sustainable as well.

Keywords: Bituminous Concrete, Pavement, RCA, LDPE

1 INTRODUCTION

The ongoing expansion of transportation networks and urban infrastructure has led to a
substantial increase in demand for construction materials, particularly natural aggregates
and bituminous binders. Traditionally, bituminous pavements are constructed using virgin
aggregates and petroleum-derived bitumen, both of which are finite and energy-intensive
resources [1–4]. The extensive consumption of these materials raises concerns regarding
environmental sustainability, economic feasibility, and resource depletion. Concurrently,
rapid industrialization, population growth, and modernization have contributed to a sig-
nificant increase in waste generation, particularly construction and demolition (C&D) debris
and plastic waste [5–7]. If not managed effectively, these wastes pose serious environmental
threats, such as land scarcity for disposal, leachate contamination, and long-term degrada-
tion issues. Recycled Concrete Aggregate (RCA), produced by crushing and processing
construction and demolition (C&D) waste, such as demolished concrete structures, has
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gained global attention as a replacement material for natural aggregates [8–10]. RCA con-
tributes to sustainable construction by diverting waste from landfills, conserving non-
renewable natural stone resources, and reducing the overall carbon footprint of construction
activities. Furthermore, RCA can be incorporated into bituminous mixtures without
extensive processing, which enhances its economic viability [11–14]. However, RCA is
characterized by higher porosity, lower density, and greater water absorption compared to
virgin aggregates, which may influence the mechanical and durability properties of asphalt
mixtures. These limitations necessitate a careful evaluation of RCA’s suitability in flexible
pavement applications.

Despite promising laboratory investigations, the combined effect of RCA and LDPE on
the engineering properties of bituminous mixtures remains relatively underexplored. Most
studies have focused on either RCA or plastic modification independently, while limited
research addresses their combined application. This research gap underscores the need for
comprehensive studies to assess the feasibility, performance behavior, and long-term sus-
tainability of partial replacement of RCA and LDPE in asphalt mixtures. Therefore, the
present study aims to investigate the potential of incorporating RCA as a substitute for
natural aggregates and LDPE as a bitumen modifier in bituminous mixtures. The study
emphasizes evaluating key performance indicators, including stability, durability, moisture
resistance, and fatigue life, with the broader objective of developing eco-friendly, cost-
effective, and high-performance pavement solutions that align with the principles of sus-
tainable development and the circular economy.

The combination of the effects of RCA and LDPE on the engineering properties of
bituminous mixtures has been relatively under-researched, despite promising laboratory
studies. The majority of research has focused on research studies using either RCA or plastic
modification, while very few studies have targeted the combined application. This lack of
research is a clear indication of the need for holistic studies to address the feasibility, per-
formance behavior, and sustainability of partial replacement of RCA and LDPE in asphalt
mixtures. Therefore, this study aims to investigate the feasibility of incorporating RCA to
replace natural aggregates and LDPE in bituminous mixtures as a viable bitumen modifier.
In this sense, this study will primarily focus on the evaluation of critical performance para-
meters, such as stability, durability, moisture susceptibility, and fatigue life, with the overall
goal to promote safe, effective, cost-efficient, eco-friendly, and high-performance pavement
solutions using RCA and LDPE as sustainable development and circular economy
strategies.

2 METHODOLOGIES FOR RESEARCH AND EXPERIMENTS

Establishing the ideal ratios of bitumen content, filler, fine particles, and coarse aggregates
are the primary goals of asphalt mix design. This ensures the creation of a mix that is both
manageable and robust, offering durability and cost-effectiveness. The following tests
involving aggregates are carried out for this study. In a crushing test, an aggregate’s resis-
tance to progressive compressive stresses may differ from its resistance to abrupt shock or
impact, as measured by the Aggregate Impact Value (AIV). After soaking the sample, a
modified Impact test can be used to find the wet Impact value for softer aggregates. Different
pavement kinds have maximum permitted AIVs that various organizations have defined.

The following tests involving bitumen are conducted for this study: A penetration test is
used to determine the softness or hardness of the bitumen. The Bureau of Indian Standards
(BIS) has standardized the test apparatus and protocol. The penetrometer used has a 100g
needle assembly and a locking and release mechanism for the needle. Bitumen does not
change abruptly when the temperature rises; instead, it gradually becomes more liquid. This
means that bitumen needs to be sufficiently fluid to be used in aggregate mixtures, which is
usually accomplished by heating. This test, which involves heating a brass ring with a sample
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bitumen at a set rate in a fluid medium, is frequently used to ascertain this. Bitumen’s
ductility is a property that determines the maximum length or extension that it can have
before splitting. It is expressed in centimeters as the distance a standard bitumen sample can
stretch before breaking. Pavement integrity may be compromised by crack formation caused
by insufficient ductility in the bitumen binder.

3 RESULTS AND DISCUSSSION

3.1 Aggregate impact value test

The graph represents the variation of aggregate impact value (AIV) with different percentages
of aggregate replacement. It is observed that at a 10% replacement rate, the AIV is approxi-
mately 31.1%, indicating a relatively higher susceptibility to impact. As the replacement level
increases to 20% and 30%, the impact value gradually decreases to approximately 30.4% and
29.8%, respectively, indicating an improvement in aggregate toughness and better resistance to
impact loads. This suggests that moderate replacement levels enhance the performance of the
aggregate mix. However, at a 40% replacement rate, the AIV rises again to approximately
30.9%, indicating a reduction in impact resistance due to the higher replacement content.
Thus, the results suggest that 30% replacement provides the lowest aggregate impact value and
therefore represents the most favorable replacement level, offering better resistance to impact
forces and improved performance for use in bituminous mixtures.

3.2 Aggregate crushing test

The aggregate crushing test determines the resistance of aggregates to crushing when a
progressive compressive load is applied. It aids in evaluating the resilience and strength of
aggregates for various building applications, including the production of concrete and road

Table 1. Aggregate impact values before replacement.

Description

Natural Aggregates
Recycled Concrete

Aggregates

Sample
I

Sample
II

Sample
III

Sample
I

Sample
II

Sample
III

Whole weight of dry sample (W1 gm) 308 318 323 303 318 312
Weight of part passing 2.36mm sieve
(W2 gm)

81 83 87 80 87 84

Aggregate impact value W2/W1 � 100 26.29 26.10 26.59 26.40 27.35 26.92
Average impact value (%) 26.32 26.89

Table 2. Aggregate impact values after replacement.

Description

10%
Replacement

20%
Replacement

30%
Replacement

40%
Replacement

Trails 1 2 1 2 1 2 1 2

Total weight of dry sample (W1 gm) 3012 314 320 322 328 331 325 329
Weight of part passing 2.36mm sieve
(W2 gm)

96 99 105 110 96 99 99 103

Aggregate impact value W2/W1 � 100 30.76 31.52 32.81 34.16 29.03 30.46 30.46 31.30
Average impact value (%) 31.09 30.42 29.74 30.88
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base. By using 90% NA and 10% RCA, 80% NA and 20% RCA, and 70% NA and 30%
RCA, we were able to perform the aggregate crushing value test. Therefore, we determine
that the ideal content for replacing aggregates is 70% NA and 30% RCA.

3.3 Penetration test

Through the use of a standard loaded needle, a bitumen penetration test may be performed
in five seconds. Finally, we got 4% of LDPE is optimum for the bitumen mix. The pene-
tration test is used to measure the hardness or softness of bitumen by determining the depth
to which a standard needle penetrates under specified conditions. A higher penetration value
indicates softer bitumen, while a lower value reflects harder bitumen. From the results, it is
observed that the penetration value of conventional bitumen (0% LDPE) is around 47 mm,
indicating a softer binder with less resistance to deformation. With the addition of 2%
LDPE, the penetration value decreases to about 32 mm, showing that LDPE stiffens the
binder and enhances its hardness. At 4% LDPE, the penetration further reduces to
approximately 27 mm, suggesting improved load-bearing ability and resistance to rutting.
With 6% LDPE, the value drops to around 20 mm, indicating higher stiffness, which may
improve stability but reduce flexibility. At 8% LDPE, the penetration is about 17 mm,
making the binder excessively stiff and potentially brittle, which can lead to fatigue cracking
under traffic. Hence, the results indicate that the optimum LDPE content lies between 4%
and 6%, where the penetration values fall within a desirable range that balances stability and
flexibility, while contents beyond this range may compromise pavement performance.

Figure 1. Aggregate impact value test after replacement.

Figure 2. Aggregate crushing value after replacement.
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3.4 Ductility test

The ductility test measures the ability of bitumen to undergo elongation before breaking,
which reflects its flexibility and capacity to withstand traffic-induced deformations without
cracking. From the results, it is observed that the ductility value of conventional bitumen
(0% LDPE) is about 76 cm, indicating high flexibility. With the addition of LDPE, ductility
decreases significantly, dropping to approximately 28 cm at 2% LDPE and 22 cm at 4%
LDPE, while still maintaining a reasonable balance between flexibility and stiffness. At
higher percentages, such as 6% LDPE (15 cm) and 8% LDPE (12 cm), ductility drastically
reduces, making the binder too brittle and prone to cracking under repeated loading. Since
standard specifications generally require a minimum ductility of 20 cm for bitumen used in
road construction, the results suggest that the optimum LDPE content lies around 2% to 4%,
where the ductility values remain within acceptable limits while still enhancing the strength
and durability of the mix.

3.5 Marshall stability test

Using this procedure, a compacted cylindrical specimen of bituminous mixture is loaded
diametrically at a deformation rate of 50 mm/min to determine the specimen’s resistance to

Figure 3. Penetration test values.

Figure 4. Ductility test values.
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plastic deformation. The Marshall qualities, including stability, flow value, unit weight, and
air voids, were examined in the current investigation. A well-defined graph was used to
determine the optimal binder content based on the acquired data. The ideal value was used
to prepare new asphalt mixes when the ideal asphalt content was determined.

4 CONCLUSIONS

The experimental investigations on the partial replacement of aggregates with RCA and the
modification of bitumen using LDPE provide valuable insights into the performance of bitu-
minous mixtures. The penetration test results indicate that the addition of LDPE decreases

Figure 5. Marshall stability vs LDPE.

Table 3. The Marshall stability findings of bituminous concrete soaking for different percentages of
LDPE replacement for a period of 1-4 days.

LDPE Component (%)

IRS (average results)

Day 1 Day 2 Day 3 Day 4

0 70.42 81.81 65.29 37.62
2 84.30 78.12 78.07 48.48
4 92.3 84.3 84.3 63.84
6 83.85 71.67 71.67 60.45

Table 4. Retained Marshall stability of bituminous concrete soaked between 1-4 days for varying
percentage of LDPE replacement.

LDPE component (%)

Marshall Stability Values (N) (average values)

Day 0 Day 1 Day 2 Day 3 Day 4

0 2811 1984 2378 1710 1141
2 2580 2399 2325 2075 1625
4 3602.5 3325 3037 2425 2300
6 2400 2012.5 1720 1595 1450
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penetration values, leading to a stiffer binder. The optimum range was observed between 4%
and 6% LDPE, where the mix achieves a good balance between hardness and flexibility. The
ductility test results indicate that ductility decreases with increasing LDPE content, and values
fall below the standard requirements beyond a 4% addition. Hence, LDPE with a 2–4%
content is found to be suitable for maintaining adequate flexibility while improving strength.
Marshall stability results confirm that stability improves with increasing LDPE content up to
4%, after which it declines. The maximum stability was achieved at a dosage of 4% LDPE,
indicating it as the most effective dosage for enhancing load-bearing capacity and durability.
In terms of aggregate impact value, the results show that moderate replacement levels improve
toughness, with 30% RCA replacement providing the lowest impact value and thus the best
resistance to impact loads.Overall, the study concludes that incorporating 4% LDPE as a
bitumen modifier and 30% RCA as aggregate replacement yields optimum performance,
offering a sustainable, economical, and high-strength bituminous mix suitable for pavement
applications. This combination not only enhances engineering properties but also promotes
waste utilization and environmental sustainability in road construction.
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