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Abstract

The use of recycled materials in asphalt pavement, despite its environmental benefits, faces the
challenge of predicting their nonlinear behavior in interaction with the geotechnical subgrade,
which is essential for application in smart city infrastructure. This research aimed to analyze the
nonlinear behavior of asphalt pavement containing waste millings and evaluate its interaction with
the geotechnical subgrade for application in smart cities. The research design was a three-
dimensional numerical simulation using the finite element method. The statistical population
consisted of asphalt samples made with different percentages of recycled millings and two types
of geotechnical subgrade (clayey and sandy). Sampling was performed purposively, and the
intervention involved applying a standard axle load to the pavement and subgrade model. The
measurement tools included the Drucker-Prager elastoplastic constitutive model for asphalt and
the Cam-Clay hardening model for the subgrade, which simulated the nonlinear characteristics.
Data analysis was performed using the Newton-Raphson nonlinear solution method. The findings
showed that increasing recycled millings led to a reduction in the dynamic modulus and an
increase in flexural strain at the interface, but the presence of the nonlinear subgrade resulted in a
more uniform stress distribution and reduced local stress concentration. Furthermore, the
nonlinear interaction of the asphalt layer containing millings with the clayey subgrade increased
energy absorption capacity. It was concluded that pavement design with up to ten percent by
weight of recycled millings, considering the nonlinear behavior of the subgrade, is a sustainable
solution for smart city infrastructure. It was also suggested that this behavioral characteristic paves
the way for embedding real-time monitoring systems in urban smart pavements.
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