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On 04 October 2016, a severe landslide had occurred in the vicinity of Khotila village in Dharchula,
region of NE Kumaun Himalaya. This landslide may be classified as typical rockslide, involving thin
veneer of debris on the slope as well as the highly shattered rockmass. The slide has been divided into
three morpho-dynamic zones, viz., (i) Zone of detachment between elevation 1000 and 960 m, (ii) Zone
of transportation between elevation 960 and 910 m, and (iii) Zone of accumulation between elevation
910 and 870 m. The landslide had occurred at the end of the monsoon season when the slope was
completely saturated. It has been noted that the area received ∼88% rainfall during the monsoon months
which is about two times more rainfall during 2016 monsoon than during 2015 monsoon. Geotechnical
testing of the soil overlying the rockmass, corroborate the soil as ‘soft soil’ with compressive strength
of 42 kPa and friction angle of 27.4◦. Granulometry confirms the soil as having >97% sand and silt size
particles and <3% clay size particles, indicating higher permeability. Mineralogically, the soil dominantly
constitutes quartz, muscovite and clinochore. Though no swelling clay minerals has been observed, the
higher permeability and low strength of the soil, and concentrated higher rainfall during 2016 are the
main causes for the landslide to occur. This landslide has partially blocked the flow of Kali river that serve
as a boundary between India and Nepal and is endangering the habitants of the Khotila and Bangabagar
villages, situated downstream in the Indian and Nepalese side of the Himalaya. In order to understand the
stability of the slope, finite element modelling of the landslide has been carried out that points towards
higher concentration of stresses in the landslide zone, indicating that there is further probability for the
failure of landslide mass. It is therefore suggested that the landslide must be monitored continuously,
particularly during the rainy season and also the risk posed by this landslide must be evaluated so as to
avoid any further loss to life and infrastructure in the region.

Keywords. Khotila Landslide; Kali river; rainfall; geotechnical test; finite element method; slope
stability.

1. Introduction

Landslides and other related mass movement
activities are common in the Himalayan Fold-

Thrust belt due to its rugged and complex
topography, active tectonics and a wide range of
climatic conditions along with heavy and con-
centrated rainfall during the monsoon periods.
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These may primarily be caused by geological,
geomorphical, anthropogenical and geotechnical
characteristics of the hill slopes and are defined
as the movement of a mass of material en masse
down a slope (Cruden 1991). These occur every
year during the later part of the monsoon season
or immediately after the rainy season and pose
a serious threat to the lives and property in the
region. A large number of mass movements, e.g.,
1998 Malpa rockfall in the Kali valley (Kumar
and Satyal 1999; Paul et al. 2000), 1998 Okhimath
landslide in the Mandakini valley (Bist and Sah
1999), 1998 Surabhi Resort landslide in Mussoorie
township (Gupta and Ahmed 2007), 2001 Budha
Kedar landslide in the Balganga valley (Sah et al.
2003), 2003 Varunavat Parvat landslide in the Bha-
girathi valley (Gupta and Bist 2004; Sarkar et al.
2011), Kaliasaur landslide in district Rudraprayag
(Kimothi et al. 2010; Bisht and Pandey 2016),
2015 Balia Nala landslide in Nainital township
(Gupta et al. 2016b) and numerous landslides in
the Uttarakhand Himalaya during 2013 Kedarnath
disaster (Martha et al. 2015; Allen et al. 2016)
are some of the examples of recent landslides that
struck in the Garhwal and Kumaun Himalaya caus-
ing huge loss of lives and property in the region. It
is estimated that after every 2 km, there is a chronic
landslide in the Himalayan terrain (Valdiya 1980).

Although triggered mainly by earthquakes or
immense rainfall, the landslides in the Himalayan
terrain are mainly caused by varying propor-
tions of geological, geomorphological and geotech-
nical characteristics of slope, including the anthro-
pogenic activities (Hewitt 1988; Bartarya and
Valdiya 1989; Choubey et al. 1992; Pachauri and
Pant 1992; Gerrard 1994; Bartarya et al. 1996;
Panikkar and Subramanyan 1996; Sah and Mazari
1998; Sati et al. 1998; Gupta et al. 1999, 2016b;
Rautela and Thakur 1999; Naithani et al. 2002;
Saha et al. 2002; Gupta and Bist 2004; Neau-
pane and Achet 2004; Pant and Khayingshing
2005; Owen et al. 2008; Anbalagan et al. 2008;
Dahal et al. 2009; Anbarasu et al. 2010; Kanungo
et al. 2013; Sharma and Singh 2013; Kumar et al.
2014; Jamir et al. 2017). As no two landslides are
identical in their causes and triggering factors, it
is therefore imperative to study each and every
landslide to plan for its mitigation measures and
strategies for the further development of the area.

It has been reported in the past that land-
slides across the international borders have caused
enormous loss to the Indian sub-continent, e.g., a
landslide in 2000 along the path of the Satluj river

in the Tibetan Plateau has caused huge loss of lives
and property in the Kinnaur and Shimla districts
of Himachal Pradesh and again in 2003, a small
landslide along the path of the Pareechu Nala, a
tributary of river Spiti in the Tibetan Plateau has
caused huge devastation in the Kinnaur district
of Himachal Pradesh (Gupta and Sah 2008). Both
these events have caused a loss in terms of crores of
Indian rupees, besides the hardship to the locals,
as the area was entirely cut-off from the rest of the
country for more than 4 months (Gupta and Sah
2008).

The Kumaun Himalaya located in the eastern
part of Uttarakhand state shares its borders with
Nepal having Kali river as the international bound-
ary. Numerous landslides have known to occur in
the upper part of the Kali river posing a serious
threat to the villages and infrastructures of both
the countries located along both the sides of the
river. Many of these landslides go unnoticed and
unreported and only landslides posing a threat to
the human habitation are being reported and stud-
ied. One example of such catastrophic landslide
that occurred in the area is the Malpa landslide
that occurred in the upper part of the Kali river in
August 1998, has killed about 220 people includ-
ing 60 pilgrims en route to Kailash–Mansarovar in
Tibet (Paul et al. 2000).

During October 2016, a severe landslide had
occurred on the SE facing slope on the right flank of
the Kali river near Khotila village. It is endanger-
ing the local habitants of the village and also the
habitants of Bangabagar village located in Nepal
opposite to the landslide face. The exact causes
for the occurrence of this landslide are unknown.
Although the total annual rainfall during the year
2016 was normal, the area received higher and
concentrated rainfall during the preceding months
of the occurrence of the landslide. In order to
understand the causes and the triggering factors
for this landslide, detailed surface geological, min-
eralogical and geotechnical characteristics of the
slope along with the analysis of daily rainfall data
have been carried out. Further, modelling of the
slope exhibiting the landslide has also been done
to understand its possible failure conditions in the
future.

2. Study area

The study area is located at longitude 80◦33′00′′E
and latitude 29◦51′00′N and lies in the
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Figure 1. Location map of the Khotila landslide.

Pithoragarh district of the Kumaun Himalaya.
It is located on the right bank of the Kali
river that flows at an elevation of ∼870 m
above msl in the study area. In the vicinity of
the landslide, Khotila village is located on the
eastern facing slope on the right bank of the
Kali river in the Indian part of the Himalaya,
whereas Bangabagar village is located on the
left flank of the Kali river on the Napalese side
of the Himalaya on the north-facing slope
(figure 1).

The crown of the landslide is located at an eleva-
tion of ∼1000 m. The road connecting Pithoragarh
with Tawaghat runs at an elevation of ∼1020 m
above msl above the crown region of the land-
slide (figure 1). A seasonal stream ‘Gasku Gad’
situated on the right flank of the landslide, flows
from NW to SE and joins the Kali river near the
right flank of the landslide whereas ‘Lasku Gad’
flowing from Nepal joins the Kali river on the left
flank.

3. Physiographic setting

Geologically, the study area and its environs con-
stitute the rocks belonging to the Mandhali For-
mation of the Lesser Himalaya (Valdiya 1980).
The dominant country rocks are dolomitic lime-
stone, calcareous slates with subordinate varie-
gated shales and pyritic phyllites. These rocks are
highly folded, faulted, jointed and fractured. These
rocks are overlain by the rocks of the Berinag For-
mation along Berinag Thrust having quartzites as
the dominant rock type, and the Chipplakote Crys-
tallines along the Chipplakote Thrust consisting
dominantly of schist and gneiss. The rocks of the
Mandhali Formation are underlain by the Deoban
Formation consisting dominantly of limestone and
carbonaceous slates. Further, to the south of the
Deoban Formation lies the Rautgara Formation
consisting dominantly of fine- to medium-grained
muddy quartzite and slates (figure 2).

In the vicinity of the crown of the landslide, the
Mandhali Formation consisting of thinly foliated
slate with thin bands of black shales along with
thin laminated carbonaceous silty layers trending
E–W and dipping 32◦ towards north are exposed
(figure 3a). Whereas, near Dharchula, in the Kali
river section, E–W trending slates dipping steeply
at an angle of 80–85◦ towards the south are exposed
(figure 3b). This sudden change in the attitude of
beds, along with highly crushed rocks along the
Lasku Gad (figure 3c) might be due to E–W trend-
ing fault hereafter called ‘Lasku Gad Fault’. The
rocks along the Lasku Gad in Nepal Himalaya,
opposite the Khotila landslide, are characterised
by the presence of a large number of outcrop-
scale faults and shear zones (figure 3c). Other
major faults present in the vicinity of landslide
and its adjacent areas are the Dharchula Fault and
Ghatibagar–Kalika Fault (Valdiya 1980).

Geomorphologically, the landslide is located at
the base of an NW–SE trending spur that descends
to the Kali river. The landslide forms a triangular
facet at the base of this spur (figure 4). The south-
ern side of the spur is flanked and drained by the
Gasku Gad. Further, the area is highly rugged with
steep slopes, narrow valleys and high mountains.
The slopes, in general, are steep of the order of
60–70◦. The relief in the area is 1038 m with a river
flowing at ∼870 m and the top of the mountain is
at 1908 m above msl.

The area experiences hot and humid to sub-
humid climate with the maximum temperature
reaching to ∼45◦C. The winters, in general, are



86 Page 4 of 14 J. Earth Syst. Sci. (2019) 128:86

Figure 2. Regional geological map of the Khotila landslide area and its environs (modified after Valdiya 1980;
Paul 1985).

Figure 3. (a) View of the crown portion of the landslide exhibiting thinly foliated slate dipping towards north at moderate
angle of ∼30◦, (b) view of the E–W trending rocks at Dharchula, dipping at steep angle of ∼70◦ towards south and (c) close
view of the shear zone located along the Lasku Gad.

cold with an average minimum temperature of
∼ − 3◦C. Daily rainfall during 2011–2016 suggests
that the total average annual rainfall in the area is
∼2400 mm with ∼85% rains fall during monsoon
months between June and September (figure 5a).
Prior to 4 October 2016, the date of occurrence
of landslide, the area recorded rainfall of 493, 901,
487 and 283 mm during 29 days in June, 31 days in
July, 27 days in August and 23 days in September,
respectively, cf. 212, 322, 398 and 181 mm rainfall
in June, July, August and September months of
2015 (figure 5b).

4. Characteristics of the Khotila landslide

The Khotila landslide is a typical rockslide on
the southeast facing slope covered with a thin
veneer of debris material. The material involved
in the sliding process is mostly pebbles and boul-
ders of dolomitic limestone and slates in a mixture
of sand–silt–clay along with the thin debris cover
lying on the slope. The dominant size of the peb-
ble is 5–10 cm diameter. The scarp of the active
landslide is arcuate in shape and is located at
an elevation of ∼1000 m above msl. Its width is
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Figure 4. Panoramic view of the Khotila landslide.

Figure 5. (a) Total annual rainfall during 2011–2016 in the Dharchula area. (b) Line diagram plot of daily rainfall for June,
July, August and September for the years 2015 and 2016 clearly depicting higher rainfall during 2016.
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Figure 6. Google Earth image of the Khotila landslide with inset pictures indicating (a) zone of detachment, (b) zone of
transportation and (c) zone of accumulation. Black dots represent the location of the soil samples.

Figure 7. Cross-section of the slope passing through the Khotila landslide depicting (i) zone of detachment, (ii) zone of
transportation and (iii) zone of accumulation.

about 10 m at the top and progressively increases
to ∼150 m in the central part of the landslide
(figure 6).

In-situ rocks are observed on the right flank
of the landslide. These are mainly slates and
dolomitic limestones which are highly fissile and
weathered. The slide can be divided into three

morpho-dynamic zones (figure 7). These are given
as follows.

4.1 Zone of detachment (1000–960 m above msl)

The zone of detachment is highly fractured and
consists of a crown portion of the slide beyond the
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main scarp and the active scarp itself. It is spoon
shaped and is about 400 m long, 200 m wide and
about 20 m deep. Approximately 1.25 × 106 m3 of
quaternary material has been displaced and has a
total potential of about five to six times the already
displaced volume. Some of the material is still lying
loose on the slope (figure 6). The slope in this zone
varies between 50◦ and 60◦.

4.2 Zone of transportation (960–910 m above msl)

The zone of transportation lies immediately below
the zone of detachment. It transports the detached
material from the main scarp into the river below.
All along its track, the material is lying loose on
the slope (figure 6) that may eventually find its
way downslope. It is slightly convex in shape and
the slope angle of the transportation track varies
between 50◦ and 70◦.

4.3 Zone of accumulation (910–870 m above msl)

The zone of accumulation is the area where the
displaced material has accumulated. This zone lies
at the bottom and has partially dammed the Kali
river (figure 6). The debris from the debris-filled
slope as well as from the fractured bedrock has
detached from the crown portion, transported and
has finally deposited in this zone. It is also the toe
portion of the landslide. This zone is generally con-
cave in shape and extends from 910 to 870 m up
to the river bottom.

5. Geotechnical investigation

In order to understand the behaviour of the soil and
rocks constituting the slope, geotechnical charac-
terisation of soil was carried out in the Wadia Insti-
tute of Himalayan Geology, Dehradun. Soil samples
were collected from the scarp of the landslide. Sam-
ple location is depicted in figure 6 with two black
dots. The tests include grain size determination,
direct shear, Atterberg Limits (liquid limit and
plastic limit) and X-ray diffraction (XRD) anal-
yses. These are briefly described in the following
sections.

5.1 Grain-size analysis

In order to characterise the geotechnical properties
of the material constituting the slip surface, soil
samples were collected from the scarp portion of
the landslide. The grain-size distribution as per the

Figure 8. (a) Grain size distribution curve of the slope mate-
rial constituting the slope of the Khotila landslide, indicating
the dominance of the sand-silt size particle and (b) graph
showing normal stress vs. shear stress of soil.

Indian standards (IS 2720 (Part 4) 1985a) for the
coarser material was determined using standard
dry sieving and for the finer material hydrome-
ter method was used. The results indicate that the
soil constitutes 15% gravel, 75.4% sand and 9.6%
fines, including silt and clay (figure 8a). Hydrome-
ter analysis indicates the dominance of the silt size
particles (>97%) and with clay content <3%. The
greater part of the soil constitutes 4.75–0.075 µm
size particles, therefore the soil may be classified as
‘Gravelly sand (SP)’ (IS: 1498–1970 2007).

5.2 Direct shear test

A series of consolidated-undrained direct shear
tests were performed on the soils having grains
not coarser than 4.75 mm. Tests were conducted
in a standard direct shear box apparatus hav-
ing box dimensions of 120 × 150 × 70 mm. The
samples were sheared at a constant rate of 0.625
mm/min and under constant normal stress of 50,
100 and 200 kN/m2 (IS: 2720 (Part 13) 1986). The
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Figure 9. X-ray diffractogram indicating the dominance of quartz, muscovite and clinochore.

value of cohesion (C ) and the angle of internal
friction (ϕ) as deciphered from the failure envelop
is 0.29 kg/cm2 and 27.4◦, respectively (figure 8b).

5.3 Atterberg limits

Atterberg limits defined by the liquid limit and
plastic limit are the amount of water required to be
added to solid dry soil so that it behaves like liq-
uid or plastic is termed as liquid limit and plastic
limit, respectively. Higher the liquid limit and plas-
tic limit, the greater the tendency to attract water
before it fails. These limits were calculated on soil
finer than 425µm as per the standard methodology
(IS 2720 (Part 5) 1985b). The result indicates that
the soil possesses 29.5% liquid limit and 20.82%
plastic limit, indicates the plasticity index of 8.68.
Therefore, the soil may be classified as ‘medium
plastic’ (Murthy 2002).

5.4 Unconfined compressive strength (UCS)

UCS of the soil defines the compressive load per
unit area required to fail the cylinder of soil with-
out lateral support. In the present case, cylindrical
samples of the soil were prepared having the length
to diameter ratio of 2:1. Both the ends of the
cylindrical cores were made smooth and parallel to
each other. The test was performed at a constant
strain rate of 1.50 mm per min (IS 2720 (Part 10)
Standard-IS 1991). The test results exhibit the soil

having UCS of 42 kPa, and accordingly, the soil
may be classified as ‘soft soil’ (Murthy 2002).

6. Mineralogical and chemical analysis

In order to characterise the mineralogical and
chemical composition of the soil, and also to look
for the presence of any swelling clay minerals, XRD
and XRF analyses were carried out. XRD of bulk
soil sample was carried out using Philip PANalyti-
cal XPERT PRO diffractometer. The bulk sample
was crushed in the agate mortar and pestle to
obtain a fine powder for the slide preparation.
The sample slide was scanned at a 2θ range of
4◦–79◦ with a count of two per step. The XRD
data was interpreted using ‘X pert high score plus’
software. The XRD test clearly demonstrates the
dominance of quartz, muscovite and clinochlore
and the absence of any swelling clay minerals,
where peaks with the lesser intensity of halloysite,
natronite and beidellite are observed (figure 9).

7. Numerical modelling of the Khotila

landslide

Finite-element method (FEM) is one of the numer-
ical method used widely to solve the slope stability
problem having a complex slope configuration. The
main advantage of this method is that presumption
about slip surface is not required.
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In the present case, FEM was carried out using
shear strength reduction (SSR) technique in order
to compute the ‘safety factor’, for the slope of the
Khotila landslide. The method directly measures
the deformation in terms of strain and displace-
ment. The geometry of slope section was extracted
using ALOS PALSAR DEM having 12.5 m res-
olution and updated with the field observations.
The movement of X-axis and Y -axis of the slope
was kept fixed whereas the slope face and the rock
debris interface were kept free for displaying the
maximum shear strain and total displacement. The
joint pattern was that of the foliation plane (J1)
and one joint set (J2) which was included for the
modelling (figure 10a). A six nodded mesh was
used to discretise the landslide debris and the rock
of the slope as it improves the accuracy in SSR
approach (Nian et al. 2011) with 3424 elements
present in the slope. In the model, 99.2% of the
elements are of good quality. Because the slope is
covered with thin veneer of debris material (<1 m),
for the numerical modelling, the input parameters
of soil were used for the slope surface material
and the rocks were used for the sections beneath
the soil cover, as depicted in the cross-section of
the landslide (figure 7). Soil parameters used for
the modelling, e.g., soil friction angle and cohesion
were obtained in the Geotechnical Laboratory of
the Wadia Institute and the standard values for
the materials were used, e.g., standard Poisson’s
ratio for gravelly sand was taken as 0.3 (Bowles
1996; Wang et al. 2001). Various parameters for
generalised Hoek and Brown failure criteria were
calculated using Geological Strength Index system
of the rock mass (Cai et al. 2007). The slope mate-
rial properties for the soil and the rock mass used
for the modelling are presented in table 1. The
analysis was performed using Phase2 (version 9.0)
software of Rocscience.

SSR technique (Zienkiewicz et al. 1977; Matsui
and San 1992) allows the systematic use of finite-
element analysis to determine the stress reduction
factor (SRF) in which the soil property values keep
on reducing till the failure. The strength param-
eters of a slope are reduced by a certain factor
(SRF), and the finite-element stress analysis is
computed. The process is repeated for different
values of SRF, until the model becomes unstable
which determines the critical strength reduction
factor (critical SRF) of the slope. Cohesion and
friction angle values of the slope material are
reduced till failure occurs; it is assumed that the
failure mechanism of the slope is directly related

to the development of shear strain (Roscoe 1970).
The approach is presented in the following equa-
tions:

Cr =
C

SRF
, (1)

tan(φ) =
tan(φ)

SRF
, (2)

where SRF is the strength reduction factor, and C

and φ are original shear strength parameters (cohe-
sion and friction angle).

The SSR approach with a tolerance of 0.01 was
applied to the model. The slope material was con-
sidered as an elastic–plastic substance by keeping
the peak values equal to the residual ones (Grif-
fiths and Lane 1999; Gupta et al. 2016a). The field
load was taken as gravity which defines in-situ field
stress that varies linearly with the depth in which
lithostatic condition is assumed and hence the ratio
of vertical to horizontal stress is considered as unity
as suggested by Talobre (1967). The results of the
FEM analysis on the slope of the Khotila land-
slide indicate that there is maximum strain and
displacement in the zone of transportation sand-
wiched between two footpaths in the main body of
the landslide (figure 10b and c). It is interpreted to
be 0.41 and 1.26, respectively, indicating the fur-
ther probability of the occurrence of a landslide in
the future.

8. Discussion and conclusions

There are many incidences of rain triggered land-
slides in the Himalayan terrain. Many of the
devastating landslides occur mainly towards the
end of the monsoon season i.e., during August and
September or early part of the October, when the
slopes are fully saturated. Some of the recent dev-
astating rain-triggered landslides in the Himalaya
are summarised in Chang et al. (2008) and Dahal
and Hasegawa (2008).

The analysis of daily rainfall data for the land-
slide area during 2011–2016 depicts variable rain-
fall during the years and the average annual rainfall
in the area reported is about 2400 mm with ∼80%
rains falling during the monsoon months between
June and September (figure 5a). Rainfall during
the years 2014 and 2015 was observed to be 2189
and 1653 mm which is below normal and in 2016,
although the total annual rainfall was observed to
be normal (about 2450 mm), most of the rain-
fall was concentrated in the monsoonal months
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Figure 10. (a) Geometrical setting for the slope of the Khotila landslide, (b) maximum shear strain depicts higher values
in the zone of detachment and (c) total displacement (m).
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Table 1. Input parameters of the slope material properties used for the finite-element modelling.

Material Failure criteria Slope material properties

Rock type: slate Generalised Hoek and Brown (GHB) Unit weight (MN/m3): 0.022

(Hoek et al. 2002) Young’s modulus (MPa): 50000

σ1 = σ3 + σci[mb(σ3/σci) + s]∧a, Poisson ratio: 0.15

mb = mie
[(GSI−1 0 0)/(2 8) −14 D], UCS: 100

s = e[(GSI−1 0 0)/(9 −3 D)], Dilation parameter: 0

a = 1
2

+ 1
6

[

e[−(GSI
15 )] − e[−( 20

3 )]
]

mb: 0.57 (peak), 0.48 (residual)

GSI = Geological Strength Index s: 0.0001 (peak), 0.0 (residual)

σci = compressive strength of intact rock a: 0.5 (peak), 0.5 (residual)

D = disturbance factor D: 0

mi = intact rock property

Joint Barton and Bandis: JCS (MPa): 35

1. 1
Erm

= 1
Ei

+ 1
KnL

(Barton 1973), JRC: 0.4 (Barton and Choubey 1977)

2. Erm (MPa) = Ei

(

0.02 + 1−D/2

1+e((60+15 D−GSI)/11)

)

, Residual friction angle: 30◦ (Barton 1973)

Generalised Hoek and Diederichs (2006) Normal stiffness (MPa/m): 3592

Erm = rock mass modulus Shear stiffness (MPa/m): 359.2

Ei = intact rock modulus

Kn = normal stiffness

L = mean joint spacing

Soil type: gravelly

sand

Mohr Coulomb Unit weight (MN/m3): 0.018

τ = C + σ tan φ, where Young’s modulus (MPa): 110

τ = shear stress Poisson ratio: 0.25

C = cohesion Tensile strength: 0

σ = normal stress Dilation angle (deg): 0

φ = angle of friction Friction angle: 27.4◦ (peak), 27.4◦ (residual)

Cohesion (MPa): 0.03 (peak), 0.03 (residual)

during June–September. These 4 months recorded
2164 mm rainfall having 493, 901, 487 and 283
mm rainfall during 29 days in June, 31 days in
July, 27 days in August and 23 days in September,
respectively (figure 5b). These 4 monsoon months
received >88% of the yearly rainfall. This concen-
trated rainfall in the region might have increased
the pore water pressure of the slope as the mate-
rial constituting the slope mainly comprises >97%
sand and silt size particles, indicating its higher
permeability. The absence of any swelling clay,
as indicated by the XRD analysis, further points
towards the higher permeability of the slope. It has
been observed that with the changing climatic pat-
tern in the Himalayan region, many areas in the
regions are experiencing heavy and concentrated
rainfall in short period causing higher frequency
and magnitude of landslides (Gupta et al. 2016b).
During the recent past, many such kinds of land-
slide events have been observed from other parts of
the Himalaya.

The angle of internal friction constituting the
slope as observed by direct shear testing is 27.4◦.
Terzaghi et al. (1996) and Peck et al. (1974) also
point that the internal friction angle is low and
the density is ‘very loose’ for the gravelly sand.
This is also indicative of the higher permeabil-
ity of the slope materials. The UCS of the slope
material (42 kPa) constituting the landslide slope
classifies the soil as ‘soft soil’. Initially, such kind of
soil accommodates a lot of water percolation, when
the soil becomes saturated due to continuous rain-
fall after a few months, it cannot absorb abundant
water and results into the failure of the slope. Fur-
ther, two seasonal streams Gasku Gad and Lasku
Gad, joining the Kali river near the present land-
slide, might have also contributed to the saturation
of the landslide slope.

The Khotila landslide also lies in the close vicin-
ity of the Dharchula Fault and the Lasku Gad
Fault. The presence of these two faults has resulted
in a highly weathered and fractured condition of
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the rock mass. Thus, all the geological conditions
in the form of weathered and fractured rock mass,
geomorphological conditions in the form of steep
slope, proximity to the faults and drainage and the
geotechnical characteristics of slope material con-
stituting the slope, in the form of low UCS, grain
size characteristics and high permeability towards
the slope instability of the area. The conditions
have been aggravated during 2016 monsoon season
when the concentrated rainfall occurred leading to
the slope failure.

The slope material is still lying loose on the slope
and in order to predict the behaviour of slope mate-
rials in terms of estimation of deformation of the
slope, i.e., total displacement and maximum shear
strain, finite-element analysis of the landslide slope
has been carried out by using Phase2 (version 9.0).
The analysis exhibits a critical SRF of 0.83, indi-
cating the slope is in meta-stable condition and any
change in either of geological, geomorphological,
geotechnical characteristics or the environmental
condition might further lead to its failure.

Further, the numerical modelling indicates the
total displacement ranging between 0 and 1.26 m
and shear strain between 0 and 0.41. The maximum
value of the shear strain and the total displace-
ment has been noted to be observed below the zone
of detachment, strongly indicating its future
probability to fail.

The outcome of the present work signifies that
the landslide must be monitored continuously, par-
ticularly during the rainy season and also the risk
posed by this landslide must be evaluated to avoid
any further loss to life and infrastructure in the
region.
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