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. of real-world traffic patterns. More advanced models, such as Dynamic Traffic
Introduction Assignment (DTA), address the temporal aspect of traffic patterns, capturing
how traffic evolves over time. DTA models focus on how traffic flows change
Pavement infrastructure plays a crucial role in supporting the mobility in response to demand shifts, incidents, or congestion, which is important
needs of modern societies. Roads and highways facilitate the movement of for real-time decision-making. DTA integrates the concept of time-dependent
goods, services and people, underpinning the economic and social activities travel demand, allowing for more realistic simulations of traffic behavior and
of regions and nations. However, the performance of pavements, including its impact on congestion, delays and network capacity [3].
their structural integrity and longevity, is directly influenced by traffic patterns,
vehicle loads, climate conditions and maintenance practices. The sustainability
of pavements, in the context of infrastructure management, refers to the ability
to maintain their performance over time with minimal environmental impact
and optimal cost-effectiveness. Sustainable pavement systems ensure a long
lifespan, reduced need for frequent repairs and better energy efficiency in
construction and maintenance processes. A significant challenge to pavement
sustainability arises from the complex interactions between traffic dynamics
and the material behavior of pavements, which is often difficult to predict with
traditional models [1]. Case studies can illustrate the effectiveness of dynamic traffic assignment
models in improving pavement sustainability. For example, several urban
regions have implemented DTA-based models to manage congestion and
optimize traffic flow. Integrating these models with pavement management
systems could allow cities to make better decisions about when and where to
invest in repairs or upgrades. For instance, a city experiencing rapid growth
and increased truck traffic could use a dynamic traffic model to assess the
effects of future traffic patterns on pavement wear. Using this data, planners
could prioritize repairs to areas most at risk of early deterioration, potentially
saving costs on rehabilitation [5].

Sustainability in the context of pavements involves not only extending
the lifespan of the infrastructure but also minimizing the ecological impact
of its construction, maintenance and rehabilitation. Traditional models for
pavement management typically assess the need for rehabilitation based on
traffic volume, pavement age and condition indices (e.g., roughness, cracking,
rutting). While these models are helpful, they often fail to consider the complex
and dynamic interaction between traffic behavior and pavement condition in
real time [4].

With traffic patterns being highly variable, influenced by factors such as
congestion, road usage and urban expansion, understanding these dynamics
and their effects on pavement performance has become a central concern.
Traditional traffic assignment models, while useful for understanding traffic
flow at a macroscopic level, often fail to capture the nuances of real-world
traffic variations over time and their impact on pavement performance. In this
context, there is a growing need for a more dynamic traffic assignment model
that can account for the fluctuations in traffic demand, road congestion and
vehicle behavior. By integrating such a model with pavement performance
assessments, transportation engineers can better understand the interplay -
between traffic conditions and pavement deterioration. The resulting data- Conclusmn
driven insights can inform policies, strategies and investments in pavement

maintenance and management that enhance both their sustainability and In addition to the advancements mentioned, another crucial aspect for
cost-effectiveness [2]. future development lies in the integration of sustainability metrics beyond

pavement performance. As environmental concerns become more prominent
Description in infrastructure planning, future models could incorporate factors such as

carbon emissions, noise pollution and energy consumption associated with
Traffic assignment models are essential tools for understanding how  traffic flow and maintenance activities. By coupling traffic assignment models
vehicles distribute themselves across a road network in response to factors with broader sustainability objectives, it would be possible to design pavements
like travel time, congestion and demand. These models typically aim to predict ~ that not only perform well over time but also minimize environmental impact.
the flow of traffic, which is a crucial element in planning, design and operation  This holistic approach would enable cities to balance the trade-offs between
of transportation systems. Traditional traffic assignment models, such as infrastructure durability, traffic efficiency and environmental stewardship,
the All-or-Nothing Assignment (AONA), User Equilibrium (UE) and System leading to a more sustainable transportation future.
Optimal (SO) approaches, work under the assumption of a static or steady-
state traffic flow. These models are helpful for understanding overall system
performance and congestion but do not adequately capture the dynamic nature Acknowledgement
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