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The Landslide Problem

• India has about 25% of its geographical area 
under mountainous terrain and Himalayas 
being the youngest mountain chain are 
geologically/tectonically very unstable and 
seismically active. 

• These weak terrains have experienced several 
landslides which have claimed numerous 
human lives. 
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The landslide phenomenon-Causes

• Internal
– Increased pore-water pressure 
– Decrease in sediment cohesion. 

• External
– Steepening or heightening of a slope by river 

erosion or excavation
– Deposition of material along the upper edge of 

slopes 
– Earthquake shocks 

The most common trigger for landslides is 
intense rainfall



3

�����

Landslide - Hazards

• Slope failures
• Large-scale block failures

• Debris flows
• Rock falls
• Rapid undercutting by stream erosion or 

wave action
• Snow avalanches 
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Slope failures
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Landslide Mitigation

• Mitigation measures for landslides are 
intended to reduce the loss of life or injury, 
and loss of property damage 

• Although the ill-effects inflicted on humans 
by landslides are not completely avoidable, 
their consequences can be substantially 
reduced through thorough preliminary 
investigations, proper land-use management, 
and undertaking of appropriate mitigation 
measures 
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Landslide Mitigation – Control Measures

• Provision of Drainages 
–Surface drainage
–Catch water drain
–Cross drains
–Subsurface drainage

• Provision of Retaining Walls 
–Pile walls
–Anchored walls
–Buttress walls
–Concrete retaining walls
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Landslide Mitigation – Control Measures

• Self supporting measures 
–Anchored beam 

–Cable lashing
–Shotcreting
–Soil nailing 

• Soil stabilization
• Grouting 
• Chemical stabilization
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Landslide Mitigation – Control Measures

• Surface protection measures for erosion 
control
–Planting
–Reinforced vegetation

• Geogrids
• Jute netting
• coir netting
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Investigate active movements (monitoring)
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Rainfall

Average precipitation    - 3539 mm
Monsoon period - April to September
June/July Average - 600 mm
June 1997 - 1300 mm
7th June, 1997 - 224 mm in 24 hours
Volume of slide material - 15 - 20,000 m3 

Chandmari Landslide
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Rock type - Quartz Mica Schist
Depth - 20 m

- Weathered at top but fresh in 
the lower part

Overburden    - Non Plastic fine to medium sand
- c = 6-31 kPa
- � = 15.5 – 31.5°
- k = 1.94 – 5.3 x 10 -4 cm/sec
- � = 1000 kg/m 3 

GEOTECHNICAL PARAMETERS
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Instrumentation   - Settlement Pillars 
- Piezometers

Remedial Measures    
- Drainage at top of slope for collection of 

surface water
- Gabion walls
- Horizontal Drains for subsurface drainage
- Plantation

INSTRUMENTATION
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Numerical Analysis of Slopes
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Kohima Landslide
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• Kohima is a historical town having all the 
reminiscences of the Second World War

• Vital highways like NH-39, NH-61 and SH-2 
pass through this capital town

• NH-39 links this town with Myanmar via 
Moreh and down to Assam, acting as main 
artery of the State

Kohima Landslide
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• Situated on a landslide prone range which has 
formed a lung shaped, rugged, hilly terrain, acting 
as a watershed and encompassing an approx. area 
of 28.55 sq.km

• average rainfall - 200 cm to 250 cm

• annual rain in a year - 150 days

• severe drought-like situation during winter season

Kohima Landslide
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• Occupied by sequences of dark grey splintery 
shales and khaki claystone with thin 
sandstone and siltstone bands

• Disang formation which is at places overlain 
by Barail sandstone and shale sequences

• The residual soil/slope debris materials 
derived from the underlying bedrock are 
clayey to clayey silt with rock fragments, 
which are highly plastic, swelling and 
expansive, in nature, susceptible to slides

Kohima Landslide
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• During November 1999, the extensive rainfall 
of 180cm rainfall and the adverse soil 
conditions have lead to the severe landslides

• caused severe loss of 
– Soil
– land 
– blockade of drainage

Kohima Landslide
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Kohima Landslide
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Kohima Landslide
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Kohima Landslide
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Kohima Landslide
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Kohima Landslide
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Kohima Landslide
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Kohima Landslide
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Kohima Landslide
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Kohima Landslide
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Kohima Landslide
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Kohima Landslide

�����

Kohima Landslide
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Kohima Landslide
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Kohima Landslide
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Kohima Landslide
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Kohima Landslide
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Landslide at Tala Project, Bhutan 

• 92 m Concrete  gravity dam
• Intakes, Desilting Chambers

• 22.88 Km long horse shoe  shape Head Race 
Tunnel

• Surge Shaft, Pressure Shaft
• Underground Power House with 6 units each of 

170 MW (1020 MW) generation capacity
• Tail Race Tunnel
• The project   working areas are approachable 

by a network of 80 km long project roads
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Landslide at Tala Project, Bhutan 

• Unprecedented continuous rainfall during 
August 2000 at the project site caused 
extensive damages to the infrastructural 
works such as 

– Site Colonies
– Project Roads
– Culverts
– Bridges
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Majestic Wangchu River
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Cloud – locked landslide near Jumja
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Landslide at Tala Project, Bhutan

Landslides at the Tala project area – Totally blocked bridges
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Conclusion
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Thank you for your attentionThank you for your attention


