
 

 

 

   

DEVELOPMENT OF NETWORK LEVEL 

PAVEMENT MANAGEMENT SYSTEM 

FOR LOW VOLUME RURAL ROADS  

 

 

  Rathnathilaka Mudiyanselage Kelum Sandamal 

  (198046R) 

  

 

 

Degree of Master of Philosophy 

 

 

 

Department of Civil Engineering 

Faculty of Engineering 

UNIVERSITY OF MORATUWA - SRI LANKA



 

 

DEVELOPMENT OF NETWORK LEVEL PAVEMENT MANAGEMENT SYSTEM 

FOR LOW VOLUME RURAL ROADS 

 

 

 

 

Rathnathilaka Mudiyanselage Kelum Sandamal 

(198046R) 

 

 

Dissertation Submitted in Partial Fulfilment of the Requirements for the Degree of 

Master of Philosophy 

 

 

Department of Civil Engineering 

University of Moratuwa 

Sri Lanka 

December 2021 



i 

 

DECLARATION OF THE CANDIDATE & SUPERVISOR  

I declare that this is my research proposal and this proposal does not incorporate without 

acknowledgment any material previously published submitted for a Degree or Diploma in any 

other university or institute of higher learning and to the best of my knowledge and belief it 

does not contain any material previously published or written by another person except where 

the acknowledgment is made in the text.   

    

Signature:  ………………………………..    Date: ………………………………… 

R.M.K. Sandamal 

  

  

  

I have read the proposal and it is in accordance with the approved university proposal outline. 

I am willing to supervise the research work of the above candidate in the proposed area.   

  

    

Signature of the supervisor:  ………………………….  Date: …………………………… 

Dr. H.R. Pasindu  

 

 

 

 

 



ii 

 

DEDICATION  

I dedicate this dissertation to Dr. H. R. Pasindu, my supervisor who encouraged me to conduct 

the study successfully, and to my parents, brother & wife who supported me throughout.  

 

R. M. K. Sandamal,  

Department of Civil Engineering,  

University of Moratuwa.  

09.12.2021 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



iii 

 

ACKNOWLEDGEMENTS  

I need to pay my gratitude to the number of people for their help given to me in the completion 

of this study. 

I especially pay my gratitude to Dr. H. R. Pasindu, Senior Lecturer of the Department of Civil 

Engineering, University of Moratuwa, who guided me throughout the whole period of the study 

and who provided me the academic environment necessary to achieve my research goals.  

This research work could not have been completed without the financial support provided by 

the SRC (Senate Research Council) of the University of Moratuwa under the grant number 

SRC/LT/2018/19.  Then, I wish to thank the support given by the Department of Civil 

Engineering, University of Moratuwa and its academic and non-academic staff members.  Prof. 

J. M. S. J. Bandara, Prof S.A.S. Kulathilaka the previous Head of the Department and Prof. 

C. Jayasinghe the current Head of Department, was always given administrative support 

whenever necessary.  

I would like to thank all of the lecturers in the Transportation Engineering Group in addition 

to my supervisor, Prof. W. K. Mampearachchi, Dr. G. L. D. de Silva & Dr. Loshaka 

Perera, who helped me both academically and during my time as a researcher.  

Further, I would like to express my gratitude to my research progress evaluation committee 

members including Dr. T.W.K. Ishani Dias (Chairman of the panel), Eng. R. M. 

Amarasekara (Chairman of the panel), Dr. J. C. P. H. Gamage (Research coordinator), Dr. 

A.S. Ranathunga (Research Coordinator) who provided me extensive personal and 

professional guidance to improve my research findings. 

Finally, I must thank all the people who helped me in many ways throughout the period of the 

study.  

  

R. M. K. Sandamal,  

Department of Civil Engineering,  

University of Moratuwa.  

09.12.2021. 

 



iv 

 

ABSTRACT 

In Sri Lanka, there is about 156,000 km length of roads and among those about 92% are 

considered as rural roads (LVRRs). These roads are playing a pivotal role in community 

development, transport of people, goods, and services in the rural areas by providing 

connectivity between residential, agricultural areas and the national road network.  In the 

future, with rapid motorization takes place, it is expected the traffic volume on these roads will 

increase significantly. Limited funding, subjective and ad-hoc maintenance decision making 

has resulted in suboptimal maintenance level for these road networks. Moreover, the inability 

to collect extensive data which are needed to run most of the existing pavement management 

systems (PMSs) and the technical expertise required has resulted in the low usage of such 

systems by local road agencies. Therefore, there is a need to develop a cost-effective simplified 

approach for network-level decision-making to assist in pavement maintenance management. 

The study explored the applicability of smartphone-based roughness data to assess the 

pavement condition of LVRRs as a novel pavement performance evaluating criteria by 

validating its accuracy compared with a Class III type roughness measurement equipment. The 

correlation value between the two measurements was high as 0.84. Even though, the 

relationship has shown that smartphone roughness slightly underestimates road roughness still 

it can apply to LVRRs as a cost-effective, accurate method. Moreover, it was assessed whether 

roughness results represent pavement distress conditions in the LVRRs. Regression models 

were developed to find the relationship between International Roughness Index (IRI) and key 

distress types. It was found that Raveling, Edge Breaking, Pothole, Edge Breaking, Edge Gap 

has shown a good correlation with IRI as 0.61, 0.56, 0.55, 0.52 respectively. Further, to 

evaluate the combined effect of distress on IRI progression, stepwise multiple regression 

analysis was conducted by considering the roadway width and the model for narrow roads had 

an R-squared of 0.89. For the wider roads the model accuracy is high as with R-squared of 

0.86. Interestingly, pothole was identified as the key distress type in both models while edge 

breaking and edge gap only relevant in narrow roads. Finally, IRI progression was evaluated 

with the Pavement Condition Index (PCI) and a non-linear relationship was found with an R-

squared of 0.75 from the sigmoidal function. Moreover, relationship between IRI with 

Pavement Serviceability Rating (PSR) was evaluated and found that a good relationship with 

R-squared of 0.76 for the model. 
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The relevant maintenance strategies used for LVRRs were identified by establishing threshold 

and trigger values based on the works of literature and current practice in the Sri Lankan 

context. To support the decision-making criteria, an analysis scheme was developed by using 

a defined decision tree. The objective function was established as the minimization of the 

average network IRI value which represents the maximum network condition. Two analysis 

systems were developed; one with Integer Programming and the other with a Genetic 

Algorithm (GA) based system. In addition to that, Engineer’s judgment was compared with the 

two methods by using an illustrative example. From the results, it was found that GA is always 

provided the optimum work program while Integer Programming merged into a suboptimal 

level. Although Engineer’s objective decision-making has shown significant variation when 

there is a budgetary constraint. However, when there is a sufficient amount of budget available 

most of the Engineer’s judgments were also close to the optimum solution.  

Further, in this study socio-economic importance was incorporated in the maintenance 

planning decision-making scheme by using the multi-objective optimization analysis. A socio-

economic priority index was developed by using the priority factors namely traffic volume, 

land use, community importance & accessibility to the road network. In there, a network-level 

maintenance strategy budget estimation tool will also be introduced by considering different 

road surface conditions and maintenance strategies used in LVRRs. The set of optimal 

solutions for the multi-objective problem generated using the ‘Pareto Optimality’ concept. A 

case study was performed and found that the method would be useful in prioritizing the roads 

having socio-economic importance. Furthermore, another illustrative example was performed 

by incorporating safety performance in decision criteria using a predefined parameter called 

Cumulative Safety Index (CSI). The study has also shown that rather than spending money on 

optimizing a single objective, optimization of multiple objectives at a time would be a better 

option since the improvement of the existing network is higher in that case. Moreover, the 

multi-objective optimization approach would provide ability to include objective functions 

which cannot be incorporated in single objective optimization approach. 

The core attributes of the proposed system are, reduced the data requirements, simplified the 

analytical tools and allowing users to customize considering the resource constraints in 

prioritization and optimization and that would allow road agencies to make objective decisions 

and optimize the road maintenance process. The finding from this research can be used for 
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maintenance planning for local road authorities in Sri Lanka as well as for other developing 

countries by adopting the parameter defining for their local context.  

Keywords: Roughness; low volume rural roads; pavement management systems; smartphone-

based roughness data; socio-economic importance; multi-objective optimization 
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