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ABSTRACT 
 
 
It is very important to study applications of unsaturated soil properties in slope stability 
analysis due to the additional shear strength an unsaturated soil possesses. Shear strength 
of an unsaturated soil is strongly related to the amount of water in the voids of the soil, 
and therefore to the matric suction. It is postulated that the shear strength of an 
unsaturated soil should also bear a relationship to the soil-water characteristic curve. 
 
 
In this thesis, the effect of unsaturated shear strength properties on stability of slopes is 
investigated by analysing for the stability of hypothetical cut slopes.  
 
 
The effect of the position of water table below the failure surface of hypothetical cut 
slopes were analysed using Slope/w software for different water table positions for three 
different cut slope angles. 
 
 
For this work, analyses were done by replacing the cohesion by the apparent cohesion 
values. Apparent cohesion values were increased by increasing the depth of water table 
and increasing the effect of negative pore water pressure. Different apparent cohesion 
values corresponding to the different percentage of negative hydrostatic pressures were 
utilized. 
 
 
Spreadsheets prepared by a previous research were used to analyse the hypothetical cut 
slopes by the Modified Janbu’s Method of slices for unsaturated soils. The negative pore 
water pressure could be directly taken into account in this method, and the Factors of 
Safety (FOS) derived by this method are compared with the results from SLOPE/W 
software. 
 
 
Variation of FOS with slope angle and position of water table are investigated. The 
parametric study done here gives an insight into the problem of landslides. Lowering of 
the Water Table is been to increase the FOS against sliding  failure, as expected.   
 
 
 
 
 
 
 
 



 
 
ACKNOWLEDGEMENT 
 
 
Among those who deserve credit for the assistance extended during the research work, 
Professor U G A Puswewla, who proved an excellent supervisor to work with, has given 
me encouragement and excellent guidance as well. His devotion in the subject of 
unsaturated soil mechanics is acknowledged. It has been a privilege to work under a 
knowledgeable and encouraging supervisor. I would like to express my exceptional 
gratitude to Professor S A S Kulathilaka, who gave me excellent guidance and support 
throughout my research work of computer software analysis. My gratitude is extended to 
Mr. R M Rathnasiri from whom I got suggestions and guidance to extent his research 
work. 
 
The assistance received from Ms Pradeepa, Mr. Peiris, Mr. K R Pitipanaarachchi, 
Technical Officer, of Soil Mechanics Laboratory of University of Moratuwa, during the 
computer analysis is acknowledged. 
 
I would like to extend my sincere appreciation to Mr. Ajith Vandabona, Mr Yasotharan 
and Mr. Ananda who are my colleagues in UNOPS for giving me the opportunity to 
prepare this report by sharing my office work load. 
 
Special thanks are extended to Mr. Ruwan, Draftsperson in UNOPS for supporting me in 
preparation of Auto CAD work. 
  
Many thanks are due to the University of Moratuwa for the services provided during the 
research and to the Asian Development Bank and the Ministry of Science and 
Technology, Sri Lanka for funding this research through the Science and Technology 
Personal Development Project. 
 
 
 
 
 



CONTENT 
 
 

ABSTRACT                                    i 
 
ACKNOWLEDGEMENT          ii 
 
 
1. INTRODUCTION 
 

1.1. Emergence of  Unsaturated Soil Mechanics       1 
1.2. Unsaturated Soil and Stability of Slopes       2 
1.3. The Scope of Work and Objectives        5 
1.4. The Organization of Research and Thesis       6 

 
2. LITERATURE REVIEW 
 

2.1. Shear Strength of Soil                    8 
2.2. Methodologies for The Determination of  Unsaturated Soil 

          Property Functions          9 
2.3. Soil – Water Characteristic Curve        9 
2.4. Nature, Characterization and Theory of The Soil - Water  

          Characteristic Curve        10 
 

3. FACTOR OF SAFETY IN SLOPE STABILITY ANALYSIS  
  

3.1. Derivation of the Factor of Safety Equation for Unsaturated Soils                  12  
 
4. SLOPE STABILITY ANALYSIS 
 
  4.1 With Water Table at a uniform distance below ground surface                         17 
  4.2 With Water Table at a non-uniform distance below ground surface                  18 
 

             
5. CONCLUTIONS                                                                                                 41 
 
          
6. REFERENCES                                                                                       42 
  
 
7. ANNEXES 

7.1. Annex A                                                                                                            45 
            


