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Abstract 

A Landslide is the movement of a mass of Rock, Debris or earth down a slope.    Landslide is a type of, mass wasting which 
denotes any down- slope movement of soil and rock under the direct influence of gravity. The term “Landslide” encompasses five 
modes of slope movement. Falls, Topples, Slides, Spreads and Flows. These are further subdivided by the type of geologic material 
(bedrock, debris or earth). Debris flows (commonly referred to as mudflows or mudslides)and rock falls are example of common 
landslide types.Gravity is the primary driving force for a landslide to occur, but there are other factors effecting slope stability that 
produce specific conditions that make a slope prone to failure. India has the highest mountain chain on earth, the Himalayas which are 
formed due to collision of Indian and Eurasian plate, the northward movement of the Indian plate towards china causes continuous 
stress on the rocks rendering them friable, weak and prone to landslides and earthquake. The slow motion of the Indian crust, about 
5cm/year accumulates stress to which natural disasters are attributed some landslides make unique and unparalleled catastrophes. 
Landslides and avalanches are among the major hydro-geological hazards that affect large parts of India besides the Himalayas the 
Northern hill range, the Western Ghats, the Nilgiris, the Eastern Ghats and the Vindhyans in that order, covering about 15% of the 
landmass. They damage/destroy ecosystem, harm agriculture, destroy the beauty, damage-built infrastructure, lead to economic loss, 
deaths, social disruption and can lead to other hazards. We cannot stop disaster but minimize its impact by preparing overselves better 
for landslide. The Government of india has made plans to identify the areas where landslides occur repeatedly. This is achieved 
through landslide hazard zonation(LHZ) maps which shows or demarcates areas by different color. 
 
Keywords:  Landslide, Cause, Effect and Management 
 
Introduction 

The study of landslides hazards and disasters include discussion on meaning of landslides, causative factors, and types of 
landslides, adverse effects of landslides and mitigation of landslides disaster. A Landslide is the movement of a mass of Rock, debris 
or earth down a slope. Landslide is a type of, mass wasting which denotes any down- slope movement of soil and rock under the direct 
influence of gravity (S.Singh 2018).  

 
The term “Landslide” encompasses five modes of slope movement. Falls, Topples, Slides, Spreads and Flows. These are 

further subdivided by the type of geologic material (bedrock, debris or earth). Debris flows (commonly referred to as mudflows or 
mudslides and rock falls are example of common landslide types.  

 
Gravity is the primary driving force for a landslide to occur, but there are other factors effecting slope stability that produce 

specific conditions that make a slope prone to failure. In many cases the landslide is triggered by a specific event (such as a heavy 
rainfall, an earthquake, a slope cut to build a road and many others). Although this is not always identifiable. 

  
Landslide is the common disaster of East Sikkim, Gangtok. The high steep slope, making of the houses or constructional 

works in the hilly slope etc causes are responsible for landslides in Gangtok. Gangtok is a municipality, largest town and capital of 
Sikkim which is located in the Eastern Himalayan part of Indian state Sikkim. It is also the headquarters of East Sikkim district. 
Landslide is effecting very badly on human life, roads, houses etc. In the hilly regions no other disaster have place without landslide to 
upset the man and nature. We can say that Landslide is a Quasi-Natural Hazard. Here we discuss about the causes, effects and 
management of Landslide Disaster in Gangtok, Sikkim, India. 

 
Definition of Landslide 

A landslide is the movement down slope of a Mass of Rock, debris, earth or soil. Land slide occurs when gravitational and 
other type of shear stresses with in a slope exceed the shear strength of the materials that form the slope. Shear stresses can be built up 
with in a slope by a number of processes. These include oversteepening of the base of the slope. Such as by a Natural erosion on 
excavation and loading of the slope, such as by an inflow of waters, a rise in the groundwater table on the accumulation of debris on 
the slope Surface.  short term stress, such as those imposed by earthquake and main storms, can likewise contribute to the activation of 
landslide. 
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Location of the Study Area 
Gangtok is located at 27°19'32.66"N 88°36'43.78"  It is in the lower Himalayas at an elevation of 1,650 m (5,410 ft). 

Gangtok is situated in the eastern part of Sikkim. In the North and West part of Gangtok the North Sikkim is situated. In the South 
West part of Gangtok the South Sikkim is situated. In the East part of Gangtok Bhutan Country is situated and in the South part of 
Gangtok the West Bengal State is situated. In the North East part of Gangtok the China Country is situated. Teesta River flows in 
Gangtok. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Landslide as a Disaster 

India has the highest mountain chain on earth, the Himalayas which are formed due to collision of Indian and Eurasian plate, 
the northward movement of the Indian plate towards china causes continuous stress on the rocks rendering them friable, weak and 
prone to landslides and earthquake. The slow motion of the Indian crust, about 5cm/year accumulates stress to which natural disasters 
are attributed some landslides make unique and unparalleled catastrophes. Landslides and avalanches are among the major hydro-
geological hazards that affect large parts of India besides the Himalayas the Northern hill range, the Western Ghats, the Nilgiris, the 
Eastern Ghats and the Vindhyans in that order, covering about 15% of the landmass. The Himalayas alone count for landslide of every 
fame, name and description- big and small, quick and creeping, ancient and new. The Northeastern region is badly affected by 
landslide problems. Landslide in “SIKKIM”, West Bengal, Tripura, Mizoram and Arunachal Pradesh pose ehronic problems cavsing 
recurring economic losses worth billions of rupees.  Some spectacular events of tragedies are reported as Malpha landslide in chamoli 
district, Varnavat landslide in Uttarkashi, Singtam-Rabong road in Sikkim. 
 
Factors of landslides: Any sort of mass movement of weathered debris leading to landslides with any rate whether on hillsope or 
valley side slope depends on the ratio between shearing forces (simply known as stress) and resistance of materials to shearing forces 
as follows:  
 
           Fs=   
 
 
Where Fs= factor of safety 

Based on this corollary D.J. Varnes (1978) classified the factors which control landslides in two broad categories and many 
subcategories: (1) factors which increase shearing forces (shear stress), and (2) factors which reduced resistance of materials to shear 
stress. Recently, man has emerged as a significant factor of landslides in almost all the environmental conditional. His activities (e.g. 
deforestation for commercial wood and increase in agricultural land; construction of roads; dams, reservoirs; urbanization on fragile 
hill slope; manipulation of rivers, coastal areas etc.)  Destabilize hill slopes as well as valley side slopes an accelerate the process of 

Strength or shearing resistance materials 
Magnitude of shearing forces 
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landslides and increase frequency and magnitude of different mechanisms thereof. Increased deforestation, cultivation on cleared hill 
slope, construction of roads and reservoir in the Himalayas have made the mountain ecosystem more fragile and vulnerable to 
increased frequency and magnitude of different types of landslides. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Causes of landslide 
A. Natural Landslide  
Some landslide are a geological process that can make disaster or hazards. Such natural landslides are - 
1. Geological weak material: Weakness in the composition and structure of rock or soil may also cause landslides. 
2. Erosion: Erosion of slope toe due to cutting down of vegetation, construction of roads might increase the vulnerability of the terrain 
to slide down. 
3. Intense Rainfall: Storms that produce intense rainfall for periods as several hours or have a more moderate intensity lasting several 
days have triggered abundant landslide. Heavy melting snow in the hilly terrains also results in landslide. 
4. Human Excavation of slope: Human excavation of slope and its toe, loading slope. Draw down in reservoir, mining, deforestation, 
vibration/blast, Water leakage from surface. 
5. Earthquake shaking: Earthquake shaking has triggered landslides in many different topographic and geologic settings. Rock falls, 
soil slides and rockslides rom steep slopes involving relatively thin or shallow dis-aggregated soils or rock, or both have been the most 
abundant types of landslides triggered by historical earthquakes. 
6. Volcanic Eruption: Volcanic eruption deposition of loose volcanic ash on hillsides commonly is followed by accelerated erosion 
and frequent mud or debris flows triggered by intense rainfall. 
 
B. Manmade Landslide 
 Human activities speed up or trigger a landslide. Landslides may be triggered by natural processes such as heavy rainfall and 
earthquakes. They can also be triggered and aggravated by human activities. 
1. Clear cutting: Clear cutting is a method done by logging companies to cut down every marketable tree from a selected area to 
harvest timber. Deforestation or removal of trees that hold water and topsoil may cause landslides. 
2. Slash-and-burn: Slash-and-burn or kaingin system is a method that cuts down and burns off the existing vegetation. It is a form of 
deforestation because the land is converted to other uses.  
3. Mining and quarrying: Mining and quarrying operations use explosives in their blasting techniques to break rocks and gather ore 
deposits. They cause land areas to slide due to the vibrations from the blast. 
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Effects of Landslides 
A) Physical Effects: Damage to Infrastructure: The infrastructure facilities such as telephone and communication system, electricity 

supplies, water and oil pipelines, offices, furniture, commodities, transport system etc. are severely damaged and put out of gear 
by massive landslide. 

 
B) Social Effect 
I. Human casualties: If landslides occur in the inhabited areas, the first and foremost adverse impacts are on human population. 

If there is no timely forewarning of probable occurrence of landslides and if there is no proper timely evacuation, a large 
number of people are buried under enormous mass of debris of varying sizes and there is heavy toll of human lives. 

II. Damage to settlements, roads and railroads: Settlements comprising both rural and urban located at vulnerable sides such as 
on hill slopes, at the foothills, alluvial fans and cons, in the valleys facing steep hill slopes etc. are damaged and sometimes 
villages are completely destroyed by the thick debris of rocks, muds and other materials dislodged from the hills caused by 
landslides of various sorts triggered by earthquakes, or heavy rainfall or human activities. 

 
C) Economical Effects: 
I. Loss of agricultural farms and crops: At the very outset it may be pointed out that majority of settlements are built on the hill 

slopes and foothills in mountainous areas, and thus agriculture is also practiced on hill slopes and in the valleys. Generally, 
terraced cultivation is in practice. In the event of massive landslides the terrace farms are completely destroyed by falling 
debris of rocks.  Boulders, mud, fine loose materials etc. the debris is dumped in the valleys and hence farms and crops on the 
valley floors are also buried under thick debris cover. 

 
D) Environmental Effect 
i. Damming of rivers and flash floods: Huge volume of debris produced by landslides of various sorts coming into the rivers 

forms temporary dams across the rivers and thus blocks the river flow. In such situation substantial volume of water is 
impounded behind the temporary dams and some lakes are also formed. When the impounded water overtops the debris dams, 
they are suddenly breached and impounded water gushes downstream with high velocity resulting into flash floods. Such 
landslide-dam generated flash floods wash out everything coming in their way including human settlements, domestic animals, 
inhabitants and their belongings resulting in heavy loss of human lives and their properties in the downstream section of the 
rivers. 
 

E)  Effect on Ecosystem 
(a)Impact on water quality: When landslide occur, they can seriously damage or destroy ecosystem. Sometimes the effects 

can last for thousands of years. They can pollute streams and water bodies with sediment and debris. This invariably has severe 
repercussions on water quality and marine life. 

(b)Wipe out forest land: What's more, these hazards can wipe out large tracts of forests, wildlife habitats and remove 
productive soils from slopes. 

(c)Dam up or flood streams: Also, they can dam up rivers and streams. In so doing, water flow is restricted. Marine and 
terrestrial organisms that depend on the water flow may eventually die. Conversely, dams May flood the opposite side too. Outburst 
floods can introduce a tremendous amount of new sediment into streams. Or they can submerge and kill vegetation in the flooded 
region. In Sikkim Flash flood killed 22 people, triggered a series of landslides and washed away dearly 30km of highway in north 
Sikkim amid torrential rain. 

F) Loss of lives and social disruption: Landslides are responsible for a number of deaths, injury to people, damage to 
housing, infrastructure and agricultural lands. In Sikkim on Sunday, 18 September 2011 at 6:11 PM (local time), a Mw 6.9 earthquake 
with an epicenter located near the Sikkim region (27.723°N, 88.064°E), killed 77 people, including 16 at the Teesta stage lll 
Hydroelectric power project site, injured 719, left thousands homeless, and temporarily displaced many and also caused substantial 
loss to livestock. 

G) Socio-Economic effects of landslide: Socio-economic effects include adverse impacts, as enumerated above, on people, 
their homes and properties, industries and factories, agricultural lands and crops, timber, life lines such as roads and highways, 
railroads, and communication systems, educational institutions etc. It is significant to note that socio-economic problems caused by 
mass movement of rock waste and landslides due to slope failures are many fold and are assuming larger proportion due to expansion 
of built environment in environment fragile and vulnerable mountainous areas.           
 
 
 



 
Cover Page 

  

  
 
DOI: http://ijmer.in.doi./2022/11.07.95 

            

 

ISSN:2277-7881; IMPACT FACTOR :7.816(2022); IC VALUE:5.16; ISI VALUE:2.286 
Peer Reviewed and Refereed Journal: VOLUME:11, ISSUE:7(6), July: 2022 

Online Copy of Article Publication Available (2022 Issues): www.ijmer.in 
Digital Certificate of Publication: http://ijmer.in/pdf/e-Certificate%20of%20Publication-IJMER.pdf 

Scopus Review ID: A2B96D3ACF3FEA2A 
Article Received: 2nd July 2022   

 Publication Date:10th August 2022 
Publisher: Sucharitha Publication, India 

 

 
24 

 

Landslide statistic at Sikkim 
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Some pictures of Landslide in East Sikkim 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



 
Cover Page 

  

  
 
DOI: http://ijmer.in.doi./2022/11.07.95 

            

 

ISSN:2277-7881; IMPACT FACTOR :7.816(2022); IC VALUE:5.16; ISI VALUE:2.286 
Peer Reviewed and Refereed Journal: VOLUME:11, ISSUE:7(6), July: 2022 

Online Copy of Article Publication Available (2022 Issues): www.ijmer.in 
Digital Certificate of Publication: http://ijmer.in/pdf/e-Certificate%20of%20Publication-IJMER.pdf 

Scopus Review ID: A2B96D3ACF3FEA2A 
Article Received: 2nd July 2022   

 Publication Date:10th August 2022 
Publisher: Sucharitha Publication, India 

 

 
26 

 

MANAGEMENT OF LANDSLIDE DISASTER 
Like other natural hazards/disasters landslide disasters landslide disaster reduction and management also involves the 

following 2 stages: 
A. Pre- landslides disaster stage 
B. Post-landslide disaster stage 
 

It may be mentioned that besides natural causative factors landslides and avalanches are also caused by human activities 
colonization of fragile hill slopes, expanding urbanization along hillsides, quarrying and mining in landslide-prone hill areas etc. 
 
A. Pre-Disaster Stage of Landslide Management 
The pre-disaster stage of landslides disaster management involves the following measures 

a) Landslide disaster mitigation measures. 
b) Landslide disaster preparedness measures, 
c) Landslide disaster prevention measures. 

 
It may be made clear at the very outset that many of the measures are overlapping and common to all of the aforesaid measures 

viz. mitigation, preparedness and prevention, and therefore, all measures of landslide reduction and management are discussed here 
together. 
Landslide mitigation (M) generally refers to lessen or minimize the adverse impacts by initiating certain preparatory and preventive 
measures to cope with landslides disaster. 
Landslide disaster preparedness (P) refers to equip the local people and administration with such measures which may help them is 
the event of occurrence of landslides to cope with the adverse situation. 
Landslide disaster prevention (P) means to adopt such measures which may stop or at least minimize the probability of landslide 
occurrences.  
 
1. Landslide vulnerability and Risks 
      The foremost task in landslide disaster management is to indentify vulnerable areas to landslides and to assess their risk value, and 
then to prepare landslide vulnerability zones maps. The following landslide vulnerability factors must be considered for landslide 
vulnerability zonation mapping:  

I. Roads, communication lines along spurs of hill slope, 
II. Settlements built at the toes of hills 
III. Terraced cultivation on inhabited hill slopes, 
IV. Lack of proper education and understanding of landslides hazards etc. 

 
Thus, landslides vulnerability index is calculated on the above-mentioned landslide vulnerability factors.  
 
Finally, landslide vulnerability zoning and mapping is done and vulnerability maps are prepared on the basis of the following: 

I. Landslide vulnerability index, 
II. Landslide risk factors, 
III. Landslide-related information gathered from aerial photographs and satellite images etc. 

 
2. Landslide predictability 

Landslide occurrence may be predicted to some extent if all of the precursor events of impending landslide occurrence are 
properly understood and taken notice. In fact, landslide hazard analysis and mapping provide useful information for the prediction of 
probable landslides and loss reduction there from and assist in the development of guidelines. The following aspects are very helpful 
in landslide prediction: 

I. Landslide-related factors (both natural and anthropogenic) 
II. Help of GIS and RS (geographic information system and remote sensing) 
III. Relative contribution of causative factors of slop failures and resultant landslides, 
IV. Precursor events or landslide warning signs etc. 
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3. Precursor events or landslides warning signs 
I. Slow changes in the configuration of landscape of the concerned region such as land movement, low intensity small slides, 

flows, 
II. Tilting of trees and poles present in the concerned area 
III. Pulling away outer walls or stairs from the buildings, 
IV. Widening of cracks on pavements or on the grounds, 
V. Water coming out braking through ground surface, 
VI. Collapsing of boundary walls and pavement, 
VII. Rapid increase in stream or creeks water levels and water turbidity. 
VIII. Wetting of dry springs, seeps or unsaturated grounds, etc 

 
4. Preparedness for landslide mitigation 

There are certain precautionary and preparatory measures to cope with impending landslides in landslides in landslide-prone 
areas as follows: 

I. To develop and prepare family landslides disaster mitigation plan after learning landslide risks and community vulnerability 
against landslides 

II. To develop disaster mitigation emergency plan at government level 
III. Disaster education and awareness generation. 
IV.  Early warning system. 
V. To chalk out quick but safe evacuation plan. 

 
5. Preventive and corrective measures 

The following are some preventive and corrective measures to lessen the impacts of landslides, it may be mentioned that 
landslides cannot be stopped but their number, frequency, recurrence and severity can be minimized: 
1) Slope stabilization:  unstable hill slopes can be stabilized by the following structural and other measures: 

I. Geometric method 
II. Hydrological methods 
III. Chemical and mechanical methods, 
IV. Reinforcement measures. 

2) Drainage correction and control 
 Drainage correction measures are adopted to reduce infiltration of rainwater in the overburden of hill slopes and to allow excess 

water to move down without any hindrance. Drainage control measures include the following: 
I. To prevent water entering the hill slopes through joints and cracs. 
II. To decrease water pressure in the rocks through shallow and sub-shallow drainage. 
III. To place drainage trenches in order to reduce water pressure in the vicinity of hill slopes. 

 
The following drainage techniques should be applied to reduce natural stresses in the areas of unstable hill slopes. This may be 

achieved by lowering the water levels into the geomaterials by attempting following measures: 
i) shallow drainage trenches 
ii) deep drainage trenches 
iii) isolated wells fitted with drainage pumps 
iv) drainage galleries fitted with micro drains 
v) micro-drains 
vi) surface drainage control 
vii) subsurface drainage control  

 
3)   Protection measures 
  Protection measures to stabilize hill slopes involve the method of  
(i) protecting rocks of hill slopes from any alteration 
(ii)  protecting the infrastructure, towns, villages from rock falls, debris slides, debris flows etc. by providing the following: 

I. boulder-gathering trenches at the foot or base of hill slopes 
II. metal containment nets 
III.  boulder barriers 
IV.  retaining wall 
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4) Stabilization of soils slopes 
  Thick soils cover on hill slopes must be protected from erosion. Such protective measures include the use of the following 
items which are placed on soil slopes: 
I.  Gemmates 
II. Geogrids 
III. brushwood mats  
IV.  steel wire mesh 
 
6. Landslide Risk Avoidance and control 

The following measures may be useful to escape from the risks of landslide hazards. 
I. Risk avoidance measures refer to avoid construction of buildings, roads, rails, dams and reservoirs in landslide-prone areas. 
II. Risk retention means accepting the losses incurred by landslides. It may be mentioned that this measure must not be 

followed in case of large landslides involving high risk factor. Thus, this may be adopted only in the areas of small landslides 
having minimum risks. 

III. Risk reduction measures involve such methods which reduce the magnitude and severity of landslides. 
IV. Risk transfer refers to transferring the risk factor of landslides to other parties to bear the compensation for losses such as 

insurance companies. In other words, some people get lives of family members. And their properties insured against. 
 
7. pThe following measures can control landslide hazard risks 

I. No building activities should be under taken near steep slopes, in the valleys bordered by steep and high hillsides. Close to 
mountain edges, near drainage ways, and on natural erosion valleys. 

II.  To build channels or deflecting walls to divert the flows in the mudflow-prone areas. 
III. There should be geologic hazard assessment of properties of each family. 
IV. There should be insurance of individuals and families disaster. against landslide 
V. Flexible pipe fitting should be installed to avoid gas leakage or water leakage in order to minimize hazard at homes. 
VI. Ground cover should be planted on hill slopes and retaining walls should be constructed. 

 
B. Post-Disaster Stage of Landslide Management 
The post-disaster stage of landslide management includes the following steps: 

I. Search and rescue operation for alive people trapped under the landslide generated debris. 
II.  Evacuation of landslide-victims to safer evacuation camps. 
III. Immediate medical help to the injured people. 
IV. Planned way of relief work i.e. supply of food, clothes, safe drinking water, temporary shelters etc. 
V. Efforts should be made for economic recovery for the landslide victims by NGOs, Govt. Organizations, individuals and 

communities. 
VI. Suitable rehabilitation programmes to such landslide victims who have lost their homes and belongings. 

 
In the guidelines, the fallowing nine major areas have been identified for systematic and coordinated management of 
Landslide  
I. Landslide hazard, vulnerability and risk assessment.Multi – hazard conceptualization; 
II. Landslide remediation practice; Research and development, monitoring and early warning; 
III. Knowledge network and management; Capacity building and training; 
IV. Public awareness and education; Emergency preparedness and response; 
V. Regulation and enforcement.   
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Sources: https://images.app.goo.gl/KPM3MLEErDpERzGRA 
 
CONCLUSION 

Natural hazardous events such a earthquake, landslide, floods etc. in the Himalayas are a reality. Man, and man-made 
structure stand no chance against the awesome power and fury of such events when they strike. Therefore, a mechanism needed to 
safeguard against massive and unwarranted loss of life and property in the event of a calamity. In august 2004, the government of 
India came out with a detail status report on Disaster Management in India. The report specifies various programs and strategies of the 
national to tackle and mitigate all forms of destructive natural events. Translations of some of the recommendations have already 
begun) in Sikkim. The government of Sikkim UNDP has undertaken various initiatives in this direction. The general public is 
sanitized through awareness training/talk show, mock drills, and banners and so on. The North eastern state including Sikkim being in 
high seismogenic domain, landslide and flood porn areas require special attention and constant vigilance. 
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