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Background

Landslides are very common in the Himalayan terrain, and intense summer monsoons are the main landslide-
triggering factor. Landslides occur because of unique and complex phenomena due to both internal and external
causes. Internal causes which make the slope susceptible to movement. The important internal causes are low
strength weathered materials etc. Earthquakes are the dominant extrinsic cause of slope instability in mountainous
and seismically active areas. Strong vibration due to earthquakes can reactivate existing landslides and, in addition,
new landslides can be induced by the some combination of earthquakes, rainfall, and adverse geology. Earthquake-
induced landslides are difficult to predict, but it is possible to calculate the probability of their occurrence (Jibson
2011). The experimental area is a part of Chandragiri Municipality which is located in the south-western hills of the
Kathmandu Valley.

Materials and Method

Seismic excitation will have two effects on the slope. The driving force will increase in proportion with the seismic
acceleration, and the resisting force will decrease due to seismically induced pore pressure. The expression of the
shear stress induced by the earthquake, neglecting acceleration normal to the slope is given as in equation (1). The
expression is modified after Lu and Likos (2006).
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Figure 1: Method adopted in this study Figure 2: Schematic diagram of hillslope
and acting forces 

This study aims to develop a time-variant slope stability model, which combines a 3D subsurface flow model and an
infinite slope stability model including earthquake force. This study was performed in two steps: (1) collection of
database such as rainfall and landslide events, DEM, geotechnical data and seismic data during the 2015 Gorkha
earthquake; (2) calculation of factor of safety using infinite slope model coupled with hydrological model considering
unsaturated soil slope.
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Equation (1)

where c is cohesion, ϕ is friction angle, ꞵ is slope, is pressure head, Se is effective saturation, is unit weight of
soil, is unit weight of water, Kh is seismic horizontal coefficient, and z is soil depth.

𝜓 𝛾𝑠
𝛾𝑤

It is evident that it would be too conservative to use the peak ground acceleration (PGA) because the PGA lasts for a
very short time and appears only once in the record. Therefore, instead of the PGA, we used a fraction of it,
Kh=ξ×PGA/g, where g is acceleration due to gravity and ξ (=0.65) is a constant.



Results

Remarks

This research is based on a hypothesis “Past and present is key to the future.” Two extreme events were used in this
research, one is 7.8 Mw Gorkha earthquake and extreme rainfall event in 2002 July. Rainstorm and earthquake are
significant landslide triggering agents in hilly landscape. The present model can be applied to calculate factor of safety
based on hourly rainfall in seismically affected hillslopes. The warning maps such as null, watch, attention and alarm can
be issued on the basis of cutoff values of rainfall path and rainfall threshold warnings.
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The soil parameters were obtained from Dahal et.al. (2008), who investigated the same landslide event using steady
state saturated infinite slope model. The simulation result shows the distribution of the pore-water pressure as
presented in Figure. 4, which is obtained for the bottom subsurface layer. Most of the areas are in a stable condition
until the heavy rainfall. During heavy rainfall the pore-water pressures in the bottom soil layer changes drastically,
causing a rapid change in the factor of safety (FS). Almost all the areas become saturated, and the minimum FS values
are estimated. To precisely visualize the result, the terrain can be divided in to slope-stability classes (FS<1, 1–1.25,
1.25–1.5 and >1.5) as shown in Figure 5. The hillslope stability spatial distribution: a total of 5.9% of area is categorized
as being unstable during heavy rainfall and horizontal seismic condition, 13.19% area is classified as FS 1–1.25, 10.76%
area is flagged in FS 1.25–1.5 and remaining 70.16% terrain is classified as safe i.e. FS>1.5.

Figure 3: Study area

Figure 4: Pore-water pressure for the bottom
surface

Figure 5: factor of safety distribution


