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Overview 
The mountainous terrains of the Himalaya in Nepal, 

coupled with intense rainfalls during monsoon 

periods, cause severe landslides. Following the April 

2015 earthquake in Nepal, many slopes have been 

rendered less stable and elevated rates of rainfall-

induced landsliding will follow in the monsoon periods 

during the next 5 to 10 years. A significant adverse 

effect of landsliding is that the strategic roads of Nepal 

are prone to frequent blockage by landslide debris, 

inhibiting access to many rural communities. As roads 

are also a major socio-economic draw, settlements 

are commonly established near to roads, exposing 

many to an elevated level of landslide risk. In the 

context of development in Nepal, the growth of the 

road network has been suggested to have a significant 

impact on landsliding, and associated losses. 

 

This project will investigate two effects: (i) the impact 

of earthquake and monsoon-triggered landsliding on 

existing roads at the national scale; and (ii) the effect 

of road construction in triggering and reactivating 

landslides. Specific landslide cases from the 

Sindhupalchowk District, Central Nepal, which include 

landslides triggered by the 2015 earthquake, will be 

back-analysed, and simulated in the laboratory, to 

provide a detailed understanding of the interaction of 

rainfall events, infiltration and runoff of water and loss 

of strength leading to landsliding. Long-term landslide 

monitoring which was established after the 2015 

earthquakes on a set of 10 landslides will be used as 

case studies (see: 

http://community.dur.ac.uk/nepal.2015eq). Using this 

data, the investigation will consider when roads might 

be a contributory factor in generating slope instability 

to provide guidance on how the effects can be 

mitigated.  

 
Figure 1: Durham University monitoring equipment 

installed above cracked ground on the steep 

mountainous terrain of the Upper Bhote Koshi. 
 

The project would make use of laboratory testing and 

finite element analysis capable of modelling both 

seepage and stability. When the model has been 

calibrated against existing information, it will be used 

to predict the impacts of road construction on slopes. 

The effects of future climate scenarios will also be 

investigated, to see how different patterns of rainfall 

could influence the stability of the slopes. The findings 

will be compared against rainfall intensity duration 

thresholds to show how an empirical model can be 

supported by a deeper understanding provided by a 

mechanistic model.   

 

The project will build upon existing links with the 

Tribhuvan University Mountain Risk Engineering Unit 

(Professor Megh Raj Dhital), the Rural Access 

Programme (RAP) and the Nepal Geotechnical 

Society (Professor Netra Prakash Bhandary). 
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Methodology 
 

Phase1 of the project will require a thorough review 

of relevant literature on earthquake- and rainfall-

induced landslides. The student will visit Nepal to 

obtain samples for laboratory testing. During this visit 

they will have an opportunity to meet with those 

engaged in geotechnical work in Nepal, to understand 

the concerns associated with road construction on 

hillslopes. 

Phase 2 will involve laboratory testing of soils to 

investigate their soil water retention properties and 

shear strength. Samples obtained through fieldwork in 

Nepal will be tested using the state-of-the-art 

unsaturated soil testing equipment in the School of 

Engineering and Computing Sciences supplemented by 

equipment uniquely designed for the assessment of 

shallow landslides (Back Pressure Shear Box) under 

various characteristic rainfall scenarios. 

Phase 3 will use a hydro-mechanical coupled 

finite element software package (PLAXIS) to model 

potential slope failure scenarios. Soil properties will 

be taken from the laboratory testing programme. 

Transient analyses will be used to model observed 

rainfall conditions and potential future rainfall 

scenarios. The positioning of a road on the slope will 

be investigated by parametric studies, to consider the 

effects and possible mitigation strategies. 

 
Timeline 
Year 1: Undertake Risk Masters in the Geography 

Department, Durham University. Familiarisation with 

literature, test equipment and finite element software.  

 

Year 2 Field trip to Nepal to obtain samples for 

laboratory testing. Undertake advanced laboratory 

testing. 

 

Year 3 Develop numerical models of landslide areas 

and use these to investigate the impacts of roads in 

affecting the stability of hillslopes. 

 

Year 4 Thesis write-up and feedback to Nepalese 

fellow researchers and stakeholders. 

 
Training & Skills 

The student will be primarily based at Durham 

University and will make use of the multi-disciplinary 

environment of the Institute for Hazard, Risk and 

Resilience, and the facilities of the Civil Engineering 

and Laithwaite Landslide Laboratories. They will 

benefit from engagement with other researchers 

investigating climate impacts on slopes as part of the 

iSMART, EU COST Action and UnsatPractice projects 

at Durham University.  They will also benefit from the 

learning experiences (cultural and academic) of visiting 

Nepal and forming part of a cohort of PhD students 

from Nepal and UK studying in the framework of 

Action on Natural Disasters. 

 
Links to other AND projects 
 
This project will consider the road-related impact of 

earthquake and rainfall-induced landslides that are 

being investigated in other AND projects, through 

satellite observation and field mapping. The findings 

will contribute to aiding communication to at risk 

communities, as road access is of major concern for 

evacuation strategies. The detailed analysis within the 

project can be used to develop ‘simple rules’ to advise 

and protect communities in Nepal which continue to 

face landslide hazards. 
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