
ISGTI 2018  
7-8 April2018, IIT Delhi, India 

 

 

Geotechnical Evaluation of a Landslide in the Lesser Himalayas 

Ravi Sundaram 
Sorabh Gupta 
Cengrs Geotechnica Pvt. Ltd, A-100 Sector 63, Noida –201309, India 
E-mail : ravi@cengrs.com sorabh@cengrs.com  

Rudra Budhbhatti 
Kinjal Parmar 
Macaferri Environmental Solutions Pvt. Ltd. 403-409 Suncity Success Tower, Sector 65, Gurgaon – 122005, India 
E-mail : rudra@macaferri-india.com kinjalwdc@macaferri-india.com  

ABSTRACT: A landslide at Birahi in Chamoli District of the Lesser Himalayas had affected traffic along NH-58. The 
paper presents details of the geotechnical and geophysical investigations done to evaluate the failure and to develop 
remedial measures. A slide-zone of overburden with boulders was clearly identified which matches well with the 
borehole data. The probable causes of failure and remedial measures such as drainage planning, erosion control and 
reinforcement on valley side are discussed.  
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1. Introduction  
Landslide is a complex geological process and interplay 
of a number of factors is known to trigger these. The 
Himalayas alone count for landslides of every fame, 
name and description – big and small, quick and 
creeping, ancient and new. 

Geology and structural setup of the area combined with 
heavy rains and seepage of water through fragile jointed 
rock can play havoc on the overall stability of region. 

The cloudburst in June 2013 triggered several landslides 
along the Rudraprayag-Badrinath section of NH-58. The 
paper presents a case study of one such landslide at 
Birahi along the highway on the bank of River 
Alakhnanda. A vicinity map of the alignment of the 
highway is presented on Fig. 1. 

 
Fig. 1 Vicinity map 

The project road has distinct importance because of 
variety of destinations of pilgrim and tourists interest like 
Badrinath, Hemkund Sahib, Valley of Flowers and Auli. 
Chamoli occupies the northeastern corner of the Garhwal 
tract and lies in the central or mid-Himalayas in the very 
heart of the snowy range. 

Detailed geotechnical investigation including boreholes 
and seismic refraction tests were used to characterize the 
landslide and assess the extent of the failure. The results 
have been used to develop engineering solution to 
mitigate the distress and make the highway safe under 
such extreme climatic events. 

2. Generalized Geology and Strata Conditions  

2.1 Geological Setting  
Geologically, the area belongs to the Lesser Himalayas 
and lies in a tectonic fore-deep. It is sandwiched between 
North Almora Thrust and Main Central Thrust (DMMC, 
2014). The rocks of the Lesser Himalayas belong to the 
Central Crystalline Group. 

The rocks comprise gneisses and quartzites which are 
extremely deformed during ductile regime to form 
different types of myolinites, myolinitic gneisses, schists, 
amphibolites, etc. The gneisses and quartzites are sheared 
and give rise to sericite-schists, sillimanite bearing mica-
schists. 

The area has a highly rugged topography characterized by 
moderate to steep slopes that are intervened by narrow 
valleys. The exposed rocks at Birahi are highly jointed and 
fractured quartzitic schist belonging to the Garwal Group. 

2.2 Site Conditions  
The rocks are highly folded and faulted with the Birahi 
fault zone passing towards NE of landslide location. 

The surficial soils and boulders along the slope are prone to 
landslide during heavy rains. Since Birahi Fault is in the 
vicinity, it makes the landslide seismically disturbed. 

The NH-58 section continues in to a hairpin bend at 
Birahi. A photograph showing the disturbed zone at 
higher and lower levels of the bend is presented on Fig. 2. 

 
Fig. 2 The slide at the hairpin bend 
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2.3 Geotechnical Investigation  
Geotechnical investigation has been carried out to 
evaluate the stratigraphy of the area. The investigation 
included four boreholes and seismic refraction tests along 
two lines. 

A satellite image showing the locations of the 
geotechnical investigation on the upper and lower 
elevations of the hairpin bend is presented on Fig. 3 along 
with the Alakhnanda River at the bottom. 

 
Fig. 3 Satellite image showing the locations of 

geotechnical investigation 

A photograph of the borehole drilling in progress is 
illustrated on Fig. 4. 

 
Fig. 4 Borehole drilling in progress – Note the slide 

material on the hill slope 

2.4 Stratigraphy  
An overburden of boulders (colluvial deposit) is 
encountered to about 2 to 4 m depth on the higher 

elevation and to 11-12.5 m depth. The overburden is 
mostly slide material accumulated along the slope. It is 
underlain by quartz-mica-schist. Typical data from 
boreholes drilled on the lower elevation below the hairpin 
bend is presented on Fig. 5. 

 
Fig. 5 Borehole Profiles at lower elevation 

2.5 Geophysical Profile 
Seismic refraction test was done along the road alignment 
to characterize the ground conditions at the higher and 
lower elevations, evaluate the geophysical litholog and to 
make an assessment of the extent of the landslide 

The geophysical litholog encountered along the line at 
lower level is illustrated on Fig. 6. It indicates a two-
layered geological model. A slide-zone of overburden 
with boulders was clearly identified which correlates very 
well with the borehole data. 

The seismic profile at lower elevation illustrates a two-
layer litholog. Both layers are landslide material. Hard 
rock is at deeper depth. 

3. History and Background of Slide 
Birahi is a village in the Chamoli District of Uttarakhand 
State, India at an altitude of 1200m above sea. It is 
situated on the riverbanks of Alaknanda and Birahi 
Ganga on NH58. 

The landslide at Birahi was probably activated during 
Chamoli earthquake in March 1999 (as per locals). At 
Birahi there are two landslides, one on the hill side and 
the other between the roads of hairpin bend. Satellite 
images taken since 2006 illustrate the progression of the 
landslide over the years (See Fig 7 to 10). 
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Fig. 6 Typical Seismic Sectional Profile along the landslide at lower elevation

4. History and Background of Slide 
Birahi is a village in the Chamoli District of Uttarakhand 
State, India at an altitude of 1200m above sea. It is 
situated on the riverbanks of Alaknanda and Birahi-
Ganga on NH58. 

The landslide at Birahi was probably activated during 
Chamoli earthquake in March 1999 (as per locals). At 
Birahi there are two landslides, one on the hill side and 
the other between the roads of hairpin bend. Satellite 
images taken since 2006 illustrate the progression of the 
landslide over the years (See Fig 7 to 10). 

 
Fig. 7 Satellite Image taken in 2006  

 Fig. 8 Landslide at Birahi location in 2011  

 
Fig. 9 Satellite Image taken in 2014 shows the landslide 

  
Fig. 10 Landslide at Birahi – photo taken in 2016  

5. Engineering Assessment 
The section along this landslide reveals that the rocks are 
highly folded and faulted with fault zone passing towards 
NE of landslide location. The exposed rocks are highly 
jointed and fractured quartzitic-schist belongs to Garhwal 
group. Surficial material on the slope in between the 
roads consists of loose soil-boulders matrix and is prone 
to slide. Towards hill side the rocks are highly weathered 
and jointed. 

The rock mass dips unfavorably towards the valley side. 
Further, proximity to the Birahi Fault makes the area 
seismically prone. A sketch showing the unfavorable dip 
and the failure zone is illustrated schematically in the 
geological section on Fig. 11. 
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Fig. 11 Geological section illustrating the dip of the rock 

The unfavorable dip of the rock combined with the build-
up of pore water pressure behind the gabion wall and 
erosion of the river bank toe during heavy rains resulted 
in increased instability of the area. This combined with 
human activities such as slope cutting for infrastructure 
development and leaving the steep cut slopes untreated 
made the rock mass vulnerable to movement. 

Excavating into hill side resulted in removal of base 
support which caused hill slope failures in slightly 
concave depressions. These depressions are believed to 
be former landslide scars which have gradually filled 
with soil and organic materials through time. As soil 
depth in these depressions increases with time, the 
stability of the site decreases. 

This coupled with episodic occurrence of precipitation 
over years has decreased soil strength substantially 
resulting in slope failure. 

On the valley side, overloading or increase in head load 
accompanied with intense rainfall and addition of runoff 
from new roads on compacted fill has increased pore-
water pressure destabilizing the slope and caused slide. 

6. Probable Causes of Failure 
A discussion on the various destabilizing forces that had 
an impact on the overall instability and progression of the 
landslide are discussed below: 

Anthropogenic Activities: Construction activity for 
widening of road was a major destabilizing force at 
Birahi. Cutting of hill side vegetative-slope probably 
resulted in release of  in-situ stresses in the rock mass 
and disturbed the equilibrium of forces. This remained 
untreated without any proper support system which makes 
the hill slope vulnerable to slide. 

Tectonic Settings: Birahi landslide area is in the vicinity 
of Birahi Fault that makes area seismically active. Two 
major joint sets are present at the landslide location and 
one of them is dipping towards road side (See Fig. 11). 
This unfavorable dip caused the slide due to water seeping 
through the joints. 

Surface Erosion: Accumulation of colluviums on the 
valley side slope starts erodes when comes in contact 
with surface runoff water. This surface erosion disturbed 
the stability of road. Figs 12 and 13 are photographs of 
the accumulation of debris and erosion on the valley side. 

 

 

 Fig. 11 Photograph showing the unfavorable dip of joints 
in the rock mass 

 
Fig. 12 Photograph accumulated debris at foot of the slide 

 
Fig. 13 Photograph showing erosion and consequent 

accumulated debris 

7. Remedial Measures 
Several remedial measures were implemented to enhance 
the stability of the area and ensure that the road and 
surrounding areas are safe from geotechnical perspective. 
Some of the major measures implemented in accordance 
with IRC-SP-048:1998 are highlighted below.  

Drainage Planning: Although there is an existing culvert 
for drainage, there is no proper channels for diverting the 
water to the culvert and then to the nearest water stream. 
A a proper drainage channel was provided on hill as well 
as valley side including edge drains and chute drains as 
per IRC-SP-042(2014). 

Exposed 
joint 
planes  
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Water was channelized from the hill and discharged 
in the culvert through the road side edge drain. The 
culvert water was then directed to river through chute 
drains in accordance with IRC-SP-013-(2013). This 
proper drainage network has reduced the danger of 
further accumulation of water in the in-situ soil.  

Erosion Control: To stabilize the road portion where 
erosion has occurred, self-drilling anchors of 25mm 
diameter were provided at 3-m spacing in longitudinal 
and transverse direction. For surface stability and 
erosion control, bio-engineering measures and secured 
with provision  of geogrid. For the entire stretch, 3m 
high gabion toe wall is provided as illustrated on Fig. 14.  

Reinforcement on Valley Side: On valley side, for 
retention of proposed 12-m wide road, reinforced soil 
system of 25 m max height has been provided on valley 
side of the road. This was done to stabilize the road that 
had been cut for road construction without appreciation 
of the stability aspects. At this location, retention was 
provided by combination of reinforced soil system and 
gabion wall as per the guidelines in MORTH (2013) 
section 3100. (See Fig. 15). 

Gabion and wrap-around facing units (made up of 
double twisted wire mesh) with geogrids, considering 
geogrids as “primary reinforcement” and the “integrated 
tail” of the facing units as “secondary reinforcement” 
(Grimod and Giacchetti 2014). 

 
Fig. 14 Typical hill slope protection work  

Here in this location, bottom portion of the wall is 
made of gabion facia units with integrated tail. The top 
portion is made of green facia with integrated tail. 
High strength geogrids has been used as primary 
reinforcement and integrated tail acts as secondary 
reinforcement. For reinforced soil section, trapezoidal 
section with minimum 0.4-m reinforcement as per the 
guidelines is adopted. On the top of this reinforced soil 
system gabion retaining wall of maximum 6 m height is 
provided. 

 

 
Fig. 15 Typical section of valley retention system 
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8. Concluding Remarks 
The study illustrates the use of seismic refraction test in 
characterizing the ground conditions in landslide zones. 
The engineering solutions developed and the remedial 
measures adopted in the landslide zone have been 
carefully worked out to ensure the development goes 
hand-in-hand with environment sustainability. 

Construction of roads in the fragile Himalayan Mountains 
requires appreciation of the geological interplay of forces 
for sustainable development. It is essential that human 
development is in harmony with nature. 
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