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ABSTRACT

Recent advancements in self-sensing technologies have revolutionized pavement heath
monitoring. Innovative materials, such as carbon nanotube-modified asphalt and conductive
composites, possess inherent capabilitiesto detect stress, micro-cracks, and moisture ingress by
measuring variations in electrical resistance. These materials provide real-time data on
pavement conditions. Smart systems equipped with optical fiber sensors or Internet of Things
(IoT) networks can identify microscopic changesin underlying road layers. By transferring data
to cloud platforms, these systems enable automated analysis and early detection of failures
before damage propagates. This approach reduces operational costs and the need for physical
inspections and significantly enhances monitoring accuracy. Integrating sensor data (e.g.,
stress, temperature, and vibrations) with artificial intelligence (Al) and deep learning algorithms
has improved the precision of predicting pavement weaknesses. For instance, continuous
monitoring of stress distribution and vibrational frequency in high-traffic roads allows timely
warnings about reduced load-bearing capacity or cumulative damage in base layers.
Implementing these technologies enhances pavement safety and durability while enabling
data-driven optimization. By integrating pavement health data into smart traffic management
systems and autonomous vehicles, optimal routes can be selected based on rea-time road
conditions. On a macro level, combining monitoring data with international road construction
standards supports the development of novel protocols for designing more resilient and cost-
effective pavements. These advancements represent a critical step toward sustainable
infrastructure development and improved efficiency in transportation networks. By merging
cutting-edge technologies with strategic data utilization, the future of pavement engineering
promises smarter, safer, and more durabl e road systems aligned with global sustainability goals.

Keywords: Self-Sensing, Cementitious Materials, Structural Heath Monitoring,
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