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ABSTRACT:

This review explores the design experiments in the transportation sector, focusing on efficient, sustainable, and safe transportation systems. It examines various
methodologies, traffic management systems, vehicle designs, and infrastructure solutions, providing insights into the evolving landscape and laying the foundation
for aresilient future. It explores current trends, challenges, and complexities of modern transportation design, focusing on equity, sustainable materials, and societal
impacts for a more resilient future. This review is crucial for researchers, practitioners, and decision-makers in the dynamic landscape of transportation design,
aiming to contribute to the development of resilient, efficient, and sustainable systems. This delves into the human aspect of transportation design, emphasizing
user- centered approaches, psychological impact, and the need for inclusivity, considering diverse population preferences.
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INTRODUCTION:

The transportation sector is facing significant challenges due to urbanization, increasing mobility, and climate concerns. Design experiments have
emerged as a key force in addressing these issues, offering innovative solutions for efficient, safe, and environmentally responsible transportation systems.
These experiments, driven by efficiency, safety, sustainability, and user-centricity, often blur the lines between engineering, urban planning,
environmental science, and policy-making. They encompass a range of activities, from autonomous vehicle development to smart traffic management
systems. The review acknowledges the context of transportation, considering societal, economic, and environmental factors. It emphasizes inclusivity,
catering to diverse needs of communities and individuals. This review serves as a guide for researchers, practitioners, and policymakers, guiding them
towards a sustainable, efficient, and interconnected transportation revolution.

LITERATURE REVIEW:

1) Feipeng Xiao, Shenglei Yao, Jingang Wang, Xinghai Li, Serji Amirkhanian, Elsevier. Over the past 20 years, asphalt recycling technology
has been developed and used for road construction and rehabilitation in western countries due to the benefits of less raw material and fossil fuel
consumption, a smaller carbon footprint, and the ability to improve pavement performance. However, there are still certain technical issues that
need to be addressed, such as mix design optimization and recycling process procedures. This paper reviewed and discussed the classification
of cold recycling, the scope of application, raw materials, mix design procedure and construction technology, test method, pavement
performance, in order to promote the widespread use of cold mixing technology and better follow up the research progress of cold recycling
technology.

2) Jian Wang , Pui-Lam Ng, Yuhua Gong, Han Su and Jinsheng Du , MDPI. A significant benefit of using porous asphalt mixture as a road
surface paving material is that it prevents water buildup and ponding. However, there hasn't been much research done on how well porous asphalt
mixtures operate in low-temperature environments; this is the focus of the current study. The Bailey technique was used to design the mineral
aggregate gradation of the porous asphalt mixture, and the low temperature performance of the mixture was investigated using the low
temperature bending test. The effects of porosity, modifier content, aging condition, and test temperature on the low temperature performance
of porous asphalt mixture were assessed. The factors affecting the low temperature performance of porous asphalt mixture were analyzed using
the orthogonal experimental design method.

3) Rosolino Vaiana, Filippo G. Pratico, Teresa luelel, Vincenzo Gallelliand Venant Minani. Elseveir. Particularly in wet conditions, the
features of the pavement surface play a significant impact in accident occurrence; therefore, it is essential for road building approaches to
optimize surface performance beginning with the hot mix asphalt (HMA) design phases. Despite its importance, further study is still needed to
determine how to forecast surface characteristics based on HMA composition and construction. An organized framework for a mix design
focused on surface attributes does not exist. The authors' efforts were concentrated on studying the key variables of existing macrotexture
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prediction models in order to determine the most important aspects influencing pavement surface macrotexture in light of the aforementioned
facts. Numerous experimental mixes were created and made. There were also some statistical correlations made between the data on macrotexture
and the mixes' grading and volumetric characteristics.

4)  Muhammad Masood Rafi, Adnan Qadir and Salman Hameed Siddiqui. WM&R. Rapid development activity results from population shifts
to major cities. In addition to straining natural resources, these activities also generate garbage from construction, remodeling, and demolition.
Due to escalating environmental concerns, it is vital to find a solution for this garbage. This may ease the strain on the environment's resources.
The findings of experimental tests on samples of hot mix asphalt mixture are presented in this study. These samples were created by combining
natural crushed stone aggregates (CSA) with recycled aggregates (RA). The investigations that were presented took into consideration three
levels of RA augmentation. Both the reclaimed asphalt pavement and the concrete waste left over from building, restoration, and demolition
activities were used to make RA.

5) E. Pasquini, F. Canestrari, F. Cardone, F.A. Santagata. Elsevier. As part of this study, a thorough laboratory test program was carried out
to investigate the mechanical performance ( stiffness, fatigue, permanent deformation, and thermal cracking) of a gap graded Asphalt Rubber
Asphalt concrete (ARAC), creating a crucial database of ARAC engineering performance. To determine whether the new Mechanism Empirical
pavement Design guide (MEPDG) can be used successfully for AR materials, additional experiments were conducted on the Asphalt rubber
binder and ARAC mix. The outcomes were contrasted with those of reference items obtained in literature or tested in a lab

6) Marco Pasetto, Nicola Baldo. Elsevier. In order to determine if two specific types of electric arc furnace (EAF) steel slags may be used in place
of natural aggregates in the formulation of wearing course asphalt concrete for flexible pavements, a laboratory investigation was conducted.
The results are presented in this work. In a preliminary analysis of the chemical, leaching, physical, and mechanical characteristics of EAF steel
slag, as well as in the subsequent mix design and performance characterisation of the bituminous conglomerates, using gyratory compaction
tests, permanent deformations tests, stiffness modulus tests at various temperatures, fatigue tests, and indirect tensile strength tests, the
experimental research has been articulated. All of the combinations using EAF slag have met the requirements for acceptance in the technical
standards for the road sector.

7) Hasan Ozer, Imad L. Al-Qadi, Punit Singhvi, Tamim Khan, Jose Rivera-Perez, and Ahmad El-Khatib. Science Direct. One of the most
popular sustainable practices is using recycled and reclaimed materials in asphalt mixtures, which saves money and benefits the environment by
replacing virgin materials. Recycled asphalt shingles (RAS) and commonly utilized recycled, reclaimed asphalt pavement (RAP) might provide
difficulties since their inclusion in the asphalt mixture may negatively impact pavement performance. The Illinois Semicircular Bending (IL-
SCB) fracture geometry at 25°C with a displacement rate of 50 mm/min is a recently developed fracture testing method that is presented in this
research. To rank the possible cracking resistance of mixtures, the flexibility index (Fl), which was derived from the IL-SCB test findings, was
introduced.

8) Davide Lo Presti. Elsevier. Only a small portion of used tires are now dumped in landfills. Recycled tire rubber is utilized in a variety of
products, including new tires, fuel obtained from tires, moulded rubber items, agricultural usage, recreational and sporting goods, and rubber
modified asphalt. Tyres are increasingly being incorporated into asphalt due to the growing awareness of the advantages of employing rubber-
modified asphalts. The rubberized asphalt mixture created using the so-called "wet process," which makes use of Recycled Tyre Rubber Modified
Bitumens (RTR-MBs), has a very different track record of success than the roads constructed in the last 40 years. RTR-MB-produced asphalt
mixtures have been employed in various locations since the 1960s.

9)  Abolfazl Hassani, Hossein Ganjidoust, Amir Abedin Maghanaki. Elsevier. The abundance of PET bottles dumped in domestic waste and
landfills is one of the environmental problems in the majority of Iran's provinces. Due to the large number of bottles, more than 1 million m3 of
landfill space must be used each year for disposal. This experimental study's goal was to determine whether it was feasible to replace aggregate
(Plastiphalt) with PET waste in asphalt concrete mixes to lessen the impact of PET disposal on the environment. The mechanical characteristics
of plastiphalt mixtures were compared with control samples for this purpose. The Marshall stability, flow, Marshall quotient (stability-to-flow
ratio), and density characteristics were the main subjects of this work.

10) Swayam Siddha Dash , Mahabir Panda. Elsevier. It is challenging to establish trustworthy relationships between Cold Bituminous Mixes
(CBM) experimental results published by various researchers, agencies, and organizations in the lack of design uniformity. This study examines
the impact of several mix parameters, including aggregate gradation, compaction method and intensity, and filler material modification, on the
functionality of CBM. Marshall and gyratory methods both generated dense (BC) and gap (SMA) graded CBM with varied levels of compaction.
Additionally, different filler materials (cement, lime, and fly-ash) were used to assess the CBM's properties. Finally, hot bituminous mixes with
the same gradations (BC and SMA) were prepared. On the basis of the Marshall Stability and air voids content of compacted mixtures, a
comparison analysis of test results has been conducted.

DISCUSSIONS AND LIMITATIONS:

1. Mix Design Parameters:

One of the primary objectives of design mix experiments is to determine the ideal combination of materials, including aggregates, binders, and
additives, to achieve the desired performance characteristics. Researchers have extensively explored the impact of factors such as aggregate type,
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gradation, binder content, and supplementary materials on pavement performance. The findings from these experiments have led to the development of
various design methods, including the Marshall Method, Superpave, and gyratory mix design, which have been widely adopted in pavement engineering.

2. Performance-Based Mix Design:

Recent advancements in pavement engineering have shifted towards performance-based mix design, where the emphasis is on designing pavements
to meet specific performance criteria, such as rutting resistance, fatigue life, and moisture susceptibility. These experiments have contributed to the
development of performance-related specifications, which enable transportation agencies to design pavements tailored to the actual conditions and traffic
loads experienced on their road networks.

3. Sustainability and Environmental Considerations:

Several design mix experiments have investigated the use of recycled materials, such as reclaimed asphalt pavement (RAP) and recycled concrete
aggregates (RCA), in pavement mixtures. This promotes sustainability by reducing the demand for virgin materials and mitigating environmental impacts.
However, the use of recycled materials may introduce variability in mix properties, which poses a challenge in achieving consistent pavement
performance.

4. Limitations of Empirical Methods:

Many traditional mix design methods, such as the Marshall Method, rely on empirical relationships derived from historical data. While these methods
are well-established, they may not always account for the unique characteristics of local materials and environmental conditions. The limitations of
empirical methods highlight the need for more advanced mechanistic-empirical (ME) design approaches that consider material properties, structural
response, and environmental factors in a more integrated manner.

5. Lack of Long-Term Performance Data:

One significant limitation in the field of pavement design mix experiments is the scarcity of long-term performance data. Pavements are subjected to
various aging mechanisms and deteriorate over time, but comprehensive data on how different mix designs perform over their entire life cycle is often
lacking.

6. Variability and Uncertainty:

Variability in material properties, construction practices, and traffic loads can significantly impact pavement performance. Design mix experiments
may not always account for these sources of variability, leading to uncertainty in predicting actual pavement performance.

7. Future Research Directions:

Continued research is needed to refine design mix methods, considering factors such as climate change impacts, evolving traffic loads, and the
development of new materials and technologies. Long-term monitoring and data collection are essential to improve our understanding of pavement
performance under real-world conditions.

CONCLUSION:

Design mix experiments in transportation pavements have significantly advanced our understanding of pavement materials and performance. However,
limitations such as empirical methods, lack of long-term data, and variability must be acknowledged and addressed in future research efforts. By doing
so, the field of pavement engineering can continue to evolve, leading to more durable and sustainable transportation pavements.
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