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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.

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




Landslide - Hazards

Slope failures
Large-scale block failures
Debris flows

Rock falls

Rapid undercutting by stream erosion or
wave action

Snow avalanches

Slope failures

ROTATIONAL

Rotational Slump Slide
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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

Landslide I\/Iltlgatlon — 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




Landslide Mitigation — Control Measures

» Self supporting measures
—Anchored beam
—Cable lashing
—Shotcreting
—Soil nailing

» Soil stabilization

» Grouting

» Chemical stabilization

Landslide I\/Iltlgatlon — Control Measures

» Surface protection measures for erosion
control

—Planting

—Reinforced vegetation
» Geogrids
 Jute netting
* COIr netting







Sikkim Landslides




Complete Collapse in Lanaslide Area




Investigate active movements (monitoring)
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Piezometer
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Piezometer

Piezometer Installation
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Piezometer Installation

Piezometer Installation
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INnclinometer

Casing for Inclinometer
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Casing for Inclinometer

Inclinometer Readout
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Settlement Pillars
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Contour Drains

Rigid??? Structures
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Drainage Arrangements
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