LB/TH/22/2026
TH6227

GEOTECHNICAL RISK ASSESSMENT OF
LANDSLIDES ON NATURAL SLOPES

Milinda Prasad Amarasinghe

218092G

Doctor of Philosophy

Department of Civil Engineering

Faculty of Engineering

University of Moratuwa

Sri Lanka

October 2025



GEOTECHNICAL RISK ASSESSMENT OF
LANDSLIDES ON NATURAL SLOPES

Milinda Prasad Amarasinghe

218092G

Thesis/Dissertation submitted in partial fulfillment of the requirements for the degree

Doctor of Philosophy

Department of Civil Engineering

Faculty of Engineering

University of Moratuwa

Sri Lanka

October 2025



DECLARATION

I declare that this is my own work and this thesis/dissertation does not incorporate
without acknowledgement any material previously 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 acknowledgement is made in the text. I retain the right to use

this content in whole or part in future works (such as articles or books).

Signature: Date: 16/03/2026

The above candidate has carried out research for the PhD thesis under my supervision.

I confirm that the declaration made above by the student is true and correct.

Name of Supervisor: Emeritus Professor S. A. S. Kulathilaka

Signature of the Supervisor: Date: 1632026



ABSTRACT

Landslides are one of the most frequent natural hazards that affect humans, causing
significant damage to properties and resulting in fatalities and injuries. Rainfall has
been identified as the major triggering factor for landslides, and the tropical region is
severely affected due to heavy rainfalls and favourable geological and hydrological
conditions prevailing in these regions. Moreover, the landslide impact tends to be
severe due to the high economic, political and social vulnerability in the region.
However, limited studies have delved into the complex conditions that prevail in these
regions. In this thesis, an extensive review was conducted on landslide risk assessment
and management. Special emphasis was placed on Sri Lanka as a representative
tropical country where landslides are prevalent due to rainfall, complex subsurface
conditions, and it is still developing, where many challenges exist, and limited studies
have been conducted. This study aimed to assess the landslide susceptibility and
hazard for regions with limited data, integrating heuristic methods, process-based
methods and machine learning (ML) for landslide prediction, zonation and threshold
development. Initially, the applicability of well-established process-based methods
was investigated using case studies to predict landslides. Then, using these methods,
the critical slopes within a catchment area were identified, and process-based slope
stability analysis was conducted, identifying the failure initiation area with extreme
event rainfall conditions. Then the runout area for these critical slopes was determined
using process-based runout assessment with the initiation area identified. Finally, a
framework was developed based on process-based parametric analysis integrated with
ML for slope scale prediction of failure and zonation as a quick tool for predicting the
landslide hazards. This research delivers robust, scalable, and data-efficient regional
landslide risk assessment tools, particularly valuable in data-scarce or resource-
constrained settings. Its strong predictive capability and practical adaptability enhance
its potential for integration into landslide risk management.

Keywords: landslides, susceptibility, hazard, limit equilibrium, machine learning,

transient seepage
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