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Abstract

A landslide is a downslope movement of the rock mass, soil, debris or any mixture
of these materials, of the sloping surface under the influence of the gravity. In
mountainous regions, landslides are the most frequent natural hazards, causing
tremendous loss of life, economy, property and creating a vast disturbance in the
livelihood of the people. Complex geology and weak geological structures, rugged and
steep terrain, high relief variations along with seasonal monsoon rainfall give rise to
a high degree of fragility and instability in the whole mountain system. Thus, the
detailed studies for material behavior, slope kinematics, rainfall frequency, assessment
of landslide hazards and numerical modeling is of utmost importance to understand
their behavior, deformation mechanisms leading to failure in varying conditions of

stability.

It is well-known that water is one of the major triggers of landslides. Numerous
landslide studies discuss different effects that water may have on slope stability:
decreasing suction, rising groundwater table and subsequent increasing of pore water
pressure, groundwater exfiltration from the bedrock, seepage erosion, hydraulic uplift
pressure from below the landslide, and influence of water on the plasticity of the
landslide. The first objective of this study is to investigate the dominating controlling
parameter for the landslide in UBC and to access the origin, flow paths and effect of

rainfall in ten different slopes and landslides in UBC.

The geotechnical parameters e.g. physical and mechanical properties play a
very important role in a precise forecast of rock behavior under such inconsistent

conditions. The mechanical properties of rocks change with density, porosity, a
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variation of mineral assemblage, grain size and texture and effective pressures acting
on them. A comprehensive study has been undertaken using three varieties of rocks
obtained from the UBC in the Himalayan region. Attention has been paid to their
petrographic and petrofabric analyses through Scanning Electron Microscope (SEM)
and thin sections studies. Uniaxial compressive strength, Brazilian tensile strength
and triaxial strength tests are conducted on three different rock samples namely
Phyllitic-quartzite (PQ), Quarzitic-phyllite (QP) and Migmatitic-gneiss (MG) to
understand the nature of failure patterns. Strength and deformation behavior of
the rocks in both dry and saturated conditions are also defined and compared with
various properties. Laboratory testing of the collected samples has been performed
using ISRM (2007-14) suggested methods of rock characterization to evaluate shear

strength parameters.

For the assessment of the natural stability of rock slopes, kinematic analysis
technique is extensively used. This technique makes use of dominant discontinuity
planes within slope mass to forecast the probability of sliding, wedging and falling.
As rock slope surface is either concave or convex shaped, its changing strike also
plays a significant role in the kinematic analysis. These slopes will have two or more
planar surfaces and are termed as multi-faced slopes (MFS). The details of kinematic
analysis performed on these MF'S and gives the stability index for these slopes with
the change in strike direction. Three cases are used for the further analysis. Case
1 (Planar sliding), when the failure is based on only one joint set and is planar in
nature. Case 2 (Double plane sliding / Wedging), when wedge block is formed and
sliding is along both planes, formed by either, the intersection of dominant joint sets
or by two slope surfaces. Case 3 (Toppling), when the block topples, either showing

flexural toppling or direct toppling. Results of the cases study are presented.
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The information regarding long-term trends, variability, extreme events etc. of
the rainfall over a catchment are accessed through Indian Meteorological Data. For
the accurate prediction of rainfall diurnal and spatial variation, and amount of rainfall
at the slightest scale, a new high resolution gridded rainfall database is created. This
database is used to study the orogenic effect on rainfall and to predict the 10, 20, 50
and 100-year rainfall return period. Isohyet maps are created at monthly and annual

scale for 113 years (1901-2013) representing variability over UBC.

For determining the susceptible areas to slope failure, a multiparametric landslide
hazard zonation is performed in ArcGIS Environment at the catchment scale. The
effect of rainfall in changing the percentage of area under a particular hazard (very
low to the extreme) is determined by overlying the isohyet maps for rainfall return
period with the developed LHZ maps. This new approach of wet LHZ is compared

with available landslide inventory, which shows high correlation factor over dry LHZ.

Preferential flow paths, such as cracks, macropores, fissures, pipes etc. are
common features of heterogeneous slopes. During intense rainstorms, the preferential
flow has a significant influence on subsurface flow and slope stability. Dual-permeability
models are widely used to simulate preferential flow but have not been incorporated
into hydro-mechanical models. In this study, the COMSOL Multiphysics software
is used to couple a dual-permeability model with a mechanics model for landslide
stability evaluation. Detailed information is provided on how to incorporate current
hydrological and mechanics theories into COMSOL. A total of ten slopes are modeled
in 3D and variation of the factor of safety, pore water pressure, the degree of saturation
and deformation over the course of 113 years is recorded. The results are further
analyzed to elucidate the implications of rainfall data for determining and predicting

the arising instability within slope masses.
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