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ABSTRACT

Landslides in the residual hill slopes in tropical countries such as Sri Lanka are initiated mainly
by rainfall and are often categorized as shallow planar failures. Residual soil in tropics exhibit
distinct soil layering due to varying degrees of weathering, more or less parallel to the ground
surface. These layered formations may exhibit contrast in hydraulic and shear strength properties
with depth, and this determines tl;e stability of such slopes. The main objective of this study was
to model a two layered soil formation subjected to a one dimensional water infiltration during a
rainfall event, and to investigate the effect of changing permeability characteristics, and the layer
thickness of the two layers, on failure depth, elapsed time and the mechanism causing a shallow
landslide.

Two soil types, relatively coarse-grained and fine grained were assumed in the layered soil model.
The permeability and the shear strength parameters typical for local residual soil types were
assumed. The analysis considered two soil layers overlying one another, with varying infiltration
conditions. In partially saturated soils, infiltration has been modelled as a 1-D phenomenon. In
this regard, researchers have developed finite difference method based numerical schemes to
represent the mixed form of Richard’s equation. A MATLAB code representing the mixed form
of Richard’s equation (1931) was modified and used to address the objectives of this study. As the
outcome of this analysis, the variation of pressure head profile across the depth of the two layers
were modelled with elapsed time.

The stability analysis has been conducted for varying rainfall intensities and permeability
characteristics using a pre-defined stability envelope according to the method proposed by Collins
and Znidarcic (2004). This stability envelope was developed using the assumed shear strength

parameters of the two soil types and it indicates the critical depth of failure as a function of pressure
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head. The failure of the slope can be determined when the pressure head profile intersects the
stability envelope. This also defines the failure depth and the time to failure. The hazard of the
slope failure increases as the failure time decreases as it gives less time to respond. Also when the
failure depth increases, it increases the possibility of moving a larger soil mass, thus increasing the
hazard. Failure occurring at a po§itive pore water pressure or a negative pressure indicates whether
the triggering mechanism is due to a loss of suction or a development in a positive pore water

pressure situation.

For the case where a fine-grained soil overlies a coarse-grained-grained soil, results sh(;wed that
the failure depth increases significantly when the saturated permeability of the coarse-grained soil
increases relative to the fine soil. It further increases the susceptibility of moving a larger soil
mass during a landslide event and the only possible failure mechanism identified was due to the
loss of suction. When a coarse-grained soil overlies a fine-grained soil, no significant effect on
failure depth was observed; loss of suction and the development of a perched water table were
identified as possible mechanisms. For both cases, it was noticed that the failure time decreases as
the saturated permeability of coarse-grained soil increases, which confirms its increased
susceptibility to failure during a short rainfall event. These results suggest that a contrast in
permeability characteristics in layered soil formations plays a vital role in influencing failure time,
depth and the triggering mechanism.

For the scenario where a fine soil overlies a coarse-grained soil, and when the thickness of the
fine-grained layer increased, the failure time tend to decrease and the failure depth tend to increase,
leading to increased risk to life and property. When the coarse-grained soil overlies fine-grained

soil, the failure time tends to increase with the thickness of the coarse layer. No significant
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