Optimizing Flexible Pavement Design with Geogrid Reinforcement for
Reduced Thickness and Extended Service Life

Abstract

The increasing shortage of traditional materials like aggregates, combined with environmental
concerns and legal restrictions on quarrying riverbed materials, has created a need for more
sustainable construction methods. Additionally, frequent failures of flexible pavements over weak
subgrades highlight this necessity. This study attempts to address these challenges by aiming to reduce
pavement thickness and extend its service life through the optimal positioning of geogrid
reinforcement. A series of numerical analysis of 405 three-layer flexible pavement models has been
done using PLAXIS 3D, a finite element-based software, with a linear elastic material model. The
three layers of flexible pavement include an asphalt course, a granular course (comprising a combined
base and subbase made from riverbed material), and the existing natural subgrade. The study
considers subgrade conditions with California Bearing Ratio (CBR) values ranging from 5% to 15%
and traffic loads varying between 5 million standard axles (MSA) and 30 million standard axles
(MSA). The findings indicate that the interface between the subbase and subgrade is the most
effective location for geogrid reinforcement. The study demonstrates that geogrid reinforcement can
achieve significant reductions in pavement thickness, up to 30% compared to the thickness before
reinforcement. Additionally, it can enhance the pavement’s service life by up to 1.24 times. The results
are validated with IITPAVE software and existing literatures. Based on these results, a
geogrid-reinforced pavement design catalogue is proposed and benchmarked against the 2021 flexible
pavement design guidelines issued by the Department of Roads, Nepal (DoR).
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