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Abstract of Thesis

Nepal’s road infrastructure is vital to meet the country’s transportation demand and socio-economic development
by providing mobility, facilitating trade, and access to essential services. Nevertheless, the sustainability of road
assets faces increasing challenges due to severe environmental conditions, especially monsoon-driven rainfall,
fragile geological formations, and insufficient maintenance capabilities. Present Road Asset Management (RAM)
systems in Nepal remain underdeveloped due to institutional limitations, data constraints, and the absence of
country-specific deterioration models. This study addresses existing gaps by developing a hazard-based analytical
framework for modeling pavement deterioration. It integrates stochastic methods, analyzes monsoon rainfall, and
employs multi-dimensional statistical modeling. The research aims to support data-driven, cost-effective, and

proactive maintenance planning suited to the needs of low- and middle-income countries like Nepal.

The thesis consisted of six chapters.

Chapter 1 introduced the study's background, highlighting its significance and objectives. It also provided an

overview of the thesis structure.

Chapter 2 provided an overview of Nepal’s road development history, organizational structure, and current Road
Asset Management (RAM) practices. It highlighted key institutional, financial, and technical challenges limiting

the effective implementation of RAM systems.

Chapter 3 focused on modelling pavement deterioration of Nepal’s Strategic Road Network using stochastic
Markov hazard-based approaches. It analysed two key performance indicators—Surface Distress Index (SDI) and
International Roughness Index (IRI)—to assess road conditions over time. Pavement inspection data from 2014 to
2023 are used to estimate Markov transition probabilities and hazard rates. The model outputs include expected

deterioration paths and life expectancy, supporting proactive maintenance planning.

Chapter 4 integrated environmental hazard factors, particularly monsoon rainfall, into pavement deterioration
modeling for Nepal’s Strategic Road Network. It used geospatial interpolation techniques such as Inverse
Distance Weighting (IDW) and Empirical Bayesian Kriging (EBK3D) to estimate site-specific rainfall data. The
interpolated rainfall is combined with road condition data and traffic to assess its impact on pavement
deterioration. A hazard-based deterioration model was developed to quantify the influence of cumulative monsoon
rainfall on pavement. The results demonstrated improved prediction accuracy and support more specific

maintenance strategies under varying climatic conditions.

Chapter 5 presented a continuous multi-dimensional deterioration process model that captures the
interdependence among multiple pavement performance indicators using copula-based statistical methods. It
incorporated surface indices such as rutting, cracking, roughness, and subsurface index represented by
load-bearing capacity derived from Falling Weight Deflectometer (FWD). Joint probability density functions were
developed to reflect the heterogeneity and correlation of surface and subsurface deterioration. This modelling
approach enhanced the accuracy of long-term pavement performance forecasting. The methodology, developed

using Japanese data, can be effectively transferred to Nepal, where FWD technology has been recently




introduced, to support data-driven pavement management.

Chapter 6 summarized the research content and outcomes, aligning them with the study's objectives. It also
highlighted the practical application of the study in the context of Nepal, research limitations, and future

research direction to enhance the model precision and transferability.
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