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ABSTRACT 

Rain-induced landslides in tropical countries like Sri Lanka have increased due to changing 

climatic conditions, urbanization, and human intervention in vulnerable areas. In particular, 

modification of hill slopes for road construction have created unstable slopes, where instabilities 

can occur during heavy rainfall, due to excessive rainwater infiltration leading to loss of matric 

suction, development of perched water tables and rising groundwater table. In order to address 

such rain-induced landslides slope rectification measures are necessitated, especially if the 

landslide is located at a major transportation route. When designing slope rectification measures, 

it is important to address the root causes for the destabilization. Therefore, the primary focus 

should be to manage the surface and subsurface water regime. Some cases require additional 

interventions to ensure a satisfactory safety margin is achieved. Further, other case-specific 

requirements like road widening or space restrictions can also necessitate some additional 

rectification measures. However, it is of prime importance to consider the construction sequence 

of these different measures to come up with an optimal design that is technically and financially 

feasible.  

A case study at Lower Kadugannawa landslide was used to examine the effect of the sequence of 

construction of different combinations of slope rectification measurers that can provide an optimal 

design solution to achieve the desired safety margin during and after construction. The most 

economical approach to carry out the different rectification measures could be proposed through 

seepage and slope stability analyses using GeoStudio SEEP/W and SLOPE/W modules. The 

importance of carrying out the construction using the top-down approach was established.. A 

critical rainfall event developed based on the actual rainfall monitoring data during the landslide 

initiation in 2021 was used for the analyses.  

 

Keywords: Rain-induced Landslides, Construction Sequence, Drainage Management 

  



iv 

 

TABLE OF CONTENTS 
 

 
DECLARATION............................................................................................................................ I

ACKNOWLEDGEMENT ........................................................................................................... II

ABSTRACT ................................................................................................................................. III

TABLE OF CONTENTS ........................................................................................................... IV

LIST OF FIGURES .................................................................................................................. VII

LIST OF TABLES ....................................................................................................................... X

LIST OF APPENDICES ............................................................................................................ XI

INTRODUCTION ....................................................................................... XII

1.1 Background ................................................................................................................... xii

1.2 Basic description of the landslide ............................................................................... xiii

1.3 Conceptual design of the rectification ....................................................................... xiii

1.4 Scope and objectives of the thesis .............................................................................. xiv

1.5 Thesis outline ............................................................................................................... xiv

LITERATURE REVIEW ............................................................................. 16

2.1 Introduction to Landslides .......................................................................................... 16

2.2 Landslide Situation in Sri Lanka ................................................................................ 16

2.3 Mechanism of Triggering Rain-induced Landslides ................................................. 16

2.4 Rectification Measures for Rain-induced Landslides ............................................... 18

2.4.1 Drainage Improvement ................................................................................................... 18

2.4.3 Modification of Slope Geometry ......................................................................................... 28

2.4.4 Retaining Structures ............................................................................................................. 29

2.5 Analysis and Design of Rectification Measures ......................................................... 34

2.5.1 Seepage analysis for infiltration modelling ......................................................................... 34

2.5.2 Slope stability analysis by Limit Equilibrium Method .................................................. 36

2.5.3 Combined Analysis through SEEP/W and SLOPE/W ................................................... 37



v 

 

2.5.4 Modelling the Rectification Process .............................................................................. 37

2.6 Effect of Construction sequence.................................................................................. 39

2.6.1 Rectification Works at Badulusirigama Landslide......................................................... 39

2.6.2 Rectification works at Ginigathena Landslide ............................................................... 40

DETAILED DESCRIPTION OF THE LANDSLIDE, DETAILED 

INVESTIGATION AND SUBSURFACE IDEALIZATION.................................................. 42

3.1 Detailed Description of the Landslide ........................................................................ 42

3.2 Geomorphological, Geological, and hydrological features ....................................... 46

3.3 Mechanism of failure ................................................................................................... 47

3.4 Conceptual design of rectification measures ............................................................. 47

3.5 Detailed investigation for the design of rectification measures................................ 49

3.5.1 Topographical survey ..................................................................................................... 49

3.5.2 Geotechnical Investigations ........................................................................................... 50

Subsurface profile idealization ..................................................................................................... 50

3.6.3 Geophysical Investigations .................................................................................................. 52

3.6 Subsurface Profile Idealized by Detailed Investigations .......................................... 53

RECTIFICATION DESIGN AND ASSESSMENT OF EFFECT OF 

CONSTRUCTION SEQUENCE ............................................................................................... 55

4.1 Analyzing Conditions ................................................................................................... 55

4.1.1 Development of the computer models ........................................................................... 55

4.1.2 Slope Stability Assessment through SLOPE/W ............................................................. 55

4.1.3 Seepage Analysis through SEEP/W ............................................................................... 56

4.2 Modeling the Failure – Back Analysis ........................................................................ 60

4.3 Existing stability assessment ....................................................................................... 62

4.4 Designing of rectification measures ............................................................................ 63

4.4.1 Modification of groundwater regime ............................................................................. 64

4.4.2 Modification of slope geometry ..................................................................................... 64

4.4.3 Increasing of internal stability by Soil Nailing .............................................................. 64

4.4.4 Increasing of stability by a toe retaining structure ......................................................... 64

4.4.5 Overall Stability Improvement ....................................................................................... 65

4.5 Assessing the effect of construction sequence on design optimization .................... 66



vi 

 

4.6 Recommended Construction Sequence to be adopted .............................................. 83

- CONCLUSIONS AND RECOMMENDATIONS .................................... 84

REFERENCES ............................................................................................................................ 87

APPENDIX A: BOREHOLE LOGS ......................................................................................... 94

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



vii 

 

 

LIST OF FIGURES 

 

Figure  Description         Page 



viii 

 



ix 

 

 

 

 

 

 

 



x 

 

LIST OF TABLES 

 

Table  Description       Page 

 

 

 

 

 

 

 

 

 

 



xi 

 

LIST OF APPENDICES 

 

Appendix  Description      Page 

Appendix - A  Detailed Borehole Logs     115 

  


