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ABSTRACTS

PHATA LANDSLIDE — GEOTECHNICAL AND GEOLOGICAL
STUDY

A.Ghosh, S.Sarkar, D.P.Kanungo, Dinesh, S.K.Jain
Dalip Kumar, Zameer Ahmed and Ashish Patra

Central Building Research Institute, Roorkee
Email: aghoshcbri@yahoo.com

A detailed study was carried out on a slope whtiudes the Phata
village (Guptkashi — Gaurikund road sector) whawedklide of July 2001
caused heavy damage to life and property.

Topographic survey was carried out and contour roapthe Phata

landslide on 1:1000 scale with 1m contour inteweate prepared.

On the slope two major drains are present, whie tae main water
sources in this area. Height of the crest fromrtaal level is 135m. The
middle portion of the slide is having mostly bouflerock fragments and
fine materials. Tension cracks developed due thngjiare present on the
right flank and near the crown of the slide. Thacks are of 20-30cm
width and 20-25m length.

Soil samples from different locations of the slmiea were collected and
analysed in the laboratory to evaluate the Geoieahproperties. Seismic



Abstracts: Thematic Session — Landslide, AvalarmiteOther Mass Movements

refraction survey was also carried out. The seisarog of the site show
two distinct layers. Broadly it can be inferredtttiae overall thickness of

the loose material in the middle of the slope rarfgem 9 to12m.

Slope stability analysis was carried out to asaettae existing stability of

the slope. The factor of safety under static camalitvithout pore pressure
turns out to be 1.43. Factor of safety was alsopeaad for the local steep
portions of the slope separately. The factor oétyaffor such steep slopes

under static condition without pore pressure taunsto be around 1.2

With rise in pore pressure the factor of safetyugaturns out to be
marginally more than unity (FS = 1.04) indicatiihg tmarginal stability of
the slope. The seismic stability analysis was akswied out for the slope
which shows that seismicity of the order of 0.15ayntrigger slips on the
slope.

The local topography of the slope is such thatdren flowing almost
through the middle of the slope can carry conshileraebris. However,
the slope may not fail unless there is some majggdring factor. The
human settlement in the form of school buildingnkapost office, the
local village level offices, shops and the resiggrtouses located at foot
hill slope may get affected in the eventuality bdles due to seismicity or

rain.

The slope material has considerable silts and ¢nmgability was found to
be of the order of IDcm/sec. As a result due to heavy rain continued fo
couple of days it is expected that pore pressurtherslope may rise and
could trigger the local slip. Uttaranchal beingtba high seismic zone the
effect of seismicity plays a major role on the #igbof the slope.
Seismicity coupled with heavy rainfall can obvigusigger a major slide.

However, the extent of the damage will depend emtlagnitude of failure.



Abstracts: Thematic Session — Landslide, AvalarmiteOther Mass Movements

SONAPUR LAND SLIDE: MASSIVE LAND SLIDE AT KM 141.74 0
ON ROAD SECTION JOWAI -BADARPUR OF NH-44

P. H. K. Singh
Directorate General Border Roads
Seema Sadak Bhawan, Ring Road, Delhi Cantt.

The road Shillong-Jowai-Badarpur-Churaibari-Agartalhich has a total
length of 482kms, and links Shillong, the capitél Meghalaya, with
Agartala, the capital of Tripura state. It is th@dyoline of communication
for road transport for the state of Tripura, Mizaotapart of Manipur,
Assam and Meghalaya.

An active and massive rock cum debris slide zorist @ear to Sonapur
village at km 141.740 (92°21’, 25°05’, 83C/4) o ttoad sector Shillong-
Jowai-Badarpur-Churaibari of NH-44. Probably dueséwere earthquake
in 1987 in the region, strata of this mountain deped further cracks and
as a result a massive landslide got activated i881%ully/ valley
formation in this young mountain is causing masdiow of debris in
every monsoon. Since then, lacs of cubic meteretiid has flow down.
Though this slide zone did not cause much distudato road
communication/ surface during 1988 to 1998, buinduthe monsoon of
1999, the slide area became suddenly very active cansed massive
damages every year there after. At present, thdslaie extends to a
length of about 220 m and a height of approxima®sym above the road
level while its breadth varies from 40m to 220meMhde covers an area
of 0.127sq km.

This massive, land slide which actually is a debaw/, has been causing
severe disturbance to the road communication yiger year. In Aug—-Sep
2000 this road remained block for 22 days, in 0@l and July 2004 for
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a period of 10 days and again during the curreat ye June 2006, it
remained block for one weak continuously becausehd landslide.
However, any blockage to this vital link do notyimhpose major problem
in management of landslide and traffic but also hagor bearing on
availability of essential commodities and theircps and also on National

security.

This particular paper deals with the major probleinthis land slide, its
behavior, geology of the area, cause of the slittk the manner it gets
activated and continues to flow. The paper alsoudis about the measures
taken in past to contain the slide, efficacy théraod the alternative
proposal that could provide relief to the road sser



Abstracts: Thematic Session — Landslide, AvalarmiteOther Mass Movements

SLOPE STABILITY STUDY AROUND SERCHHIP HMARVENG,
DISTRICT SERCHHIP, MIZORAM

R.N. Ghosh
Geological Survey of India, Kolkata

The entire state of Mizoram is highly susceptilelandslide due to its
structurally controlled intensely dissected immatdopography, fragile
rock condition, high rainfall accompanied by frequearth tremors. The
hillslope stability has been further affected bytemsive deforestation,
unplanned development of road benches and humadlensents and
indiscriminate Jhum cultivation on steep hill slspdhe southern most
three districts Lunglei, Lawngtlai and Shaiha ofzbtam experienced
devastating landslides during wet season in 19€931885. Serchhip town,
the headquarters of Serchhip district, located ald&0Okm south of the
state capital Aijwal, is situated on a N-S trendwater divide and dotted
with numerous landslides, particularly along NH-24. 900m long and
300 m wide NW-SE trending hillslope around Serchhkimarveng,
Serchhip district of Mizoram has been severelyciée by subsidence and
as many as 13 no. of landslides of varying dimarssioendangering lives
and properties of hundreds of people. This distedsllslope lies over
Middle Bhuban Formation of rocks represented byddl very soft shale
and inter bedded soft sandstone and siltstone di@ignto Bhuban
subgroup of Surma Group of Tertiary age. The aéi@chillslope is
predominantly made up of soil and slope wash detatis rare exposures.
The stability analysis of this distressed hillslojpedifferent saturation
condition of the slope forming materials revealastic reduction of factor
of safety from 0.88 in natural moisture contentOd9 in completely
saturated condition. This study clearly indicatest poor shear strength of
slope forming material, severe scouring along malarses, barren nature

of slope, heavy loading of distressed hill sloped dngh hydrostatic
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pressure on the slope are the main causative $agt@lope instability. On
the basis of detailed geotechnical studies the ogpiate remedial
measures in two phases have been suggested folizatain of this
distressed hillslope.
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RAINFALL INDUCED LANDSLIDES OF KONKAN COAST — AN
OVERVIEW

R. Nagarajan
Center of Studies in Resources Engineering
Indian Institute of Technology, Bombay
Email: rn@iitb.ac.in

Rainfall induced landslides are prevalent in thogital monsoon regions
of the globe. It is also reported that rainfall,addition to the earthquake
has enhanced the damage potential of the eventheysenhance the
transportation / movement of debris. Hence, thera@ need to understand
the natural or cut-slope forming material behavioder saturated / over-
saturated conditions and its susceptibility to eslid debris avalanche.
Synergistic occurrence of flood and landslide haissed highest damage
in India and elsewhere. This would help us in us@erding the process
mechanism and evolve disaster management prepasedhandslide

reported from the surface infrastructure (road emkivay network) areas

of West Coast of India is of great concern for sia¢ety and security of

people and goods, in addition to settlement anidl @ngineering projects.

As the slope forming material is often heterogesdawnature, most of the
reported debris of these landslides gets detaalad the rock-soil contact
or within the colluvium mass (depending on the Heulsize). Degradation
of surfaces covered by tree/shrubs aids the proogsgestabilization.

Locations having near flat surface or concave momutry enhance the

hydrostatic pressure on the surface material astdhility potential.

The rainfall intensity and duration varies with spaelevation/altitude and
duration. A continuous monitoring of rainfall andater level in the

colluvium having various cover factors would higjfit the dynamic pore-
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water relationship that is operating on the hitipa. Perforated stand-pipe
arrangements are found to have performed well cozapto rest of the

instrumentation.

Agencies that are often troubled by the landslideguire dependable
guideline parameters that would indicate the proityalef occurrence and
vulnerable sections (intensity of damage & mode)th®ir preparedness
operations. Their satisfaction of reported resuitsreases, when the
information is scaled down or referenced to thdéaicage. Further, hill
slope hydrostatic measurement on the slope matedald guide them in
their selection of construction material and stnoet when the zonation
maps portray it.

An integrated data collection (inclusive of satellidata & Global

positioning system based location information) aathlysis helps in

identifying the stretches of road sections (hiltgas) that are likely to be
deposited by debris and or erosion and removaltaifilized pavement
stretch. Anticipated rainfall intensity and duratiat the higher slopes with
reference to foot hill / base camp conditions woalldw the agencies in
positioning their road / debris clearing equipmenatsd preparedness
message. Three dimensional model and simulatidheoflebris movement
would help in understanding the debris transpamaprocess and debris

arrestor devices.

Results of the studies on the Varundh ghat (pdr&bydri mountain near
Bombay) landslides are summarized above has ledltetéormulation of
procedures that could be followed in demarcatirggores, parameters and

preparedness instructions.



Abstracts: Thematic Session — Landslide, AvalarmiteOther Mass Movements

EXTREME RAINFALL EVENTS AND THEIR CONSEQUENCES
IN INDIAN HIMALAYAN REGION: AN IN-DEPTH STUDY

Varun Joshi
GB Pant Institute of Himalayan Environment and Depment, Gangtok

The Indian Himalayan Region (IHR) is inherentlydita and susceptible
to natural hazard as result of its extreme wealoggo highly rugged
topography and heavy monsoonal rainfall. The wateuced disasters are
common in the IHR and are mostly triggered by eregaainfall events,
generally during monsoon months. Flash floods, d&oglacial lake
outbursts and landslide dam and failure of suchsdand other man-made
structures are directly or indirectly triggered éxtreme rainfall (cloud
bursts). The river or stream in this region areegaity of three types i.e.
perennial river originates from snow clad peak ighbr Himalaya, spring
fed river/stream originates from middle mountaird @hird one is dry or
seasonal stream also originates from middle mousitaggion. Due to
deforestation, land use, soil, geology and othep@ated conditions the
too much and too little water syndrome is commorbath the type of
steams. The river flows in the down stream are ctdté by above
mentioned factors including extreme rainfall eventsrmation and
subsequent failure of landslide dam. The formatbiandslide dams and
their breaching has been reported from east to wadt of IHR. The
longevity of landslide dams ranges from severakfivo hundred of years,
but most landslide dams lasts several days to anfiewths. Many IHR
rivers like Alaknanda, Bhagirathi in Uttaranchalti8j and Indus in J&K
and Himachal Pradesh, Teesta in Sikkim and Brahmaput NE India
region experienced formation of landslide dam bireare rainfall events
and subsequent breaching causing huge loss tarieproperty in down
stream in the past. The Gohna lake (landslide dammed lake) in
Uttranachal became attraction of tourist in lateeteenth to middle of
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twentieth Century. This lake was formed by riveodblade in Alaknanda
catchment and sustained for 76 years (1894-197@. bursting of this
lake was a result of extreme rainfall event (clbudst) in the adjacent hill
slope of the dam, the breaching created havoceardthwnstream within a
short period of time. The natural calamities haeerbtaking place since
time immoral but as the population is increasing tmpact of such
incidents are much more perceptible. Due to ineréaspopulation and
demand for livelihood the village people in Himaagontinue to develop
their agricultural land as well dwelling in the lkarof the vulnerable rivers,
which sometimes swept away in flash floods or abvagnsitive for such
events specially during monsoon season. The snalamches and glacial
lake outburst floods predominate at very high diews, debris flow and
flash floods in middle elevations and floods in ghains. Hundred of lives
and million of rupees worth of infrastructure anabpgeerty are lost ever
year as a result of water-induced disasters inli® Experience from
other parts of the world indicate that landslidegbris flows and
associated disasters could be accurately predibesed on rainfall
characteristics and known thresholds for slopeabikties and floods
which could eventually help in reducing damage ite and property.
However, the hydrometeorological systems of mountxieas are very
complex and poorly understood. The paucity of mdinflata, threshold
values for location specific landslides and othelated parameters are
required to be understand the phenomenon of tiiggeonf mass
movements in IHR. Densification of rainfall recardinetwork, intensity
of rainfall and return period of extreme rainfalleats in sensitive areas of
IHR needs much more attention for formulation ofufa strategy of
management and mitigation to cope up from lossfefand property by
such events. Some of the rivers in Himalayanoregire flowing in more

than one country and the upstream downstream lekéy early warning

10
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system would also play a vital role in reducing temage occurred by

flash flood particularly in down stream country.

11
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GEOTECHNICAL CONSIDERATIONS OF HILL SLOPE
STABILITY AND LANDSLIDES

Nitin Som
Department of Civil Engineering, Jadavpur UnivetsKolkata

Landslides occur as natural phenomena in hillyatesr and also due to
disturbances caused by construction activities,., elgpusing and
transportation. Natural slopes which have estabtisa balance with the
geological and geotechnical features of the aréadigéurbed by human
actions like mining, deforestation and road cortdiom which perforce are

required to fulfill the development needs of theaar

Landslides fail to attract as widespread attenéisrearthquake or cyclone
because landslides usually occur in “remote” amashe hills, often far
away from the urban growth centres. Yet instanaes plenty where
landslides have killed thousands of people anddhkelting economic loss

to the region has been no less than that from armeayjthquake or cyclone.

While it is true that a number of factors, suchhdlsmovement, rainfall,
river flow and local and regional geology have imipot bearing on the
landslide, at the time of actual movement it isicely the interplay of the
forces of instability with the resistance offerey the soil or rock that
controls the ultimate slide. Geotechnical investarg therefore, forms an

integral part of a landslide management programme.

Investigation of landslides requires considerableigement because
natural slopes are seldom homogeneous and the &hefagth of the soil is
difficult to determine. While the mathematical @ahtions for stability
can be done with the help of numerous softwares dften difficult to
establish the shear strength of the soil or roclssrand the boundary

conditions.

12
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The paper describes the geotechnical aspects bfslope stability and
landslides and methods of landslide investigatiome major considerations
required for evaluation of the engineering progsrtof soil relevant for
landslide investigation are discussed. The efféeasthquake is discussed in
detail. An investigation of Chandmari landslidekkain is presented as a case
study. The slide occurred on June 8-10, 1999ngilleight people and
severely injuring more than fifty. The slide haeh monitored for six years
in which time it appears to have reached a cedaigree of stability. The
analysis shows a predominantly debris failure Ihat lower hills appear to
have become stable by now. The study shows thatiitoamg and
instrumentation are essential to understand thewbedr of unstable hill
slopes and to work out short term and long termagament strategy. Some

guidelines for monitoring landslides are suggested.

13
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EXPERTISE, INFRASTRUCTURE AND HIGHLIGHTS OF R&D
WORKS AT CRRI'IN THE AREA OF LANDSLIDES

G. K. Vij, Jai Bhagwan, P. K. Nanda
Central Road Research Institute, New Delhi
Email: bhagwan.crri@nic.in

The Central Road Research Institute has been wprkinthe area of
landslide investigations, slope stabilization tegbes, erosion control
measures and landslide hazard zonation studies sarty 1960s. Institute
has since developed expertise in the area of laedshnd built a strong
infrastructure for investigation, mapping, analysidandslides and design
of remedial measures. Infrastructural facilitiesr fibeld exploration,

laboratory testing, monitoring instruments and winzdl tools have been
developed and are being used in R&D studies orslaias. The nature of
work carried out by the institute includes sponddR&D, consultancy for

stabilization of landslides and slope stabilizatioand training of

professionals. Some of the important R&D works leé tnstitute include

the following studies;
» Development of Asphalt mulch techniques for slopsien in 1968

= Assessment of re-alignment in Sikkim Area basedarard zonation

technique in 1969

= Development of rock fall protection techniques &ettl application for
stabilization of rock fall in J&K Area in 1976

» Deep drainage techniques for slope stabilizationnstallation of

horizontal drains in Nilgiri Hills area in 1983

= Development of landslide hazard zonation technicared preoaration
of landslide hazard zonation maps for road stretaheSikkim area,
1984

= Application of coir geogrids for slope erosion aohimeasures, 1985

14
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» Development of software for slope stability anady4i989

» Landslide hazard zonation mapping of Nainital —Hgaidam road,
1989

= Development of trench drainage techniques usintegéles, 1998

» Soil nailing techniques for slope stabilizationPQ0

Development of engineering database on landslides iastrumented
monitoring of landslides, geotechnical engineenngpping of Delhi for
earthquake hazards in GIS platform, landslide st Bhutan, studies on
rockfall problems on Mumbai-Pune expressway are mgmthe large
number of studies carried out by the Institute. ldamof documents,
standards, guidelines for Indian Roads Congress taadMinistry of
Surface transport, Government of India has beenriboted by the

Institute.

Presently, among other activities on landslides pitoject ‘development of
instrumentation on early warning of landslide’ mirilg pursued as one of
the inter laboratory, network project. As part bé tactivity, institute has
been conducting model studies simulating field aboas in the live

model in the laboratory. Experiments are being cotet on different soil

types and rainfall conditions. The percolation aitev, development of
pore pressure, surface runoff, slope movementsyéamechanism etc are
being monitored by actual measurements throughruim&ntation and

controlled soil conditions in the model studies.n@entional as well as
fiber optic instruments are being used in the mtoj€éhe present paper is

intended to include among other activities, theesalfindings of the study.

15
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RETREAT OF HIMALAYAN GLACIERS: SOME EXAMPLES
FROM GARHWAL HIMALAYA

H.C. Nainwal, Mahesh Chaudhary and B.D.S. Negi
Department of Geology, HNB Garhwal University, Sgar Garhwal
Email: nainwalhc@yahoo.co.in

Glaciers are the result of Ice ages. The Himalag&actiers are the
consequences of Ice Ages related to QuaternargtBteine period. In
India, the glaciers are restricted to the Extrapsumar region i.e., the
Himalaya (Latitude 27°N to 36°N and Longitude 7286E96°E). There are
about 15,000 glaciers in Himalaya that form a uaifp@shwater reservoir
of 12,000kmi (Valdiya, 1998),which support Indus, Ganges and

Brahamputra river systems.

Himalayan glaciers are receding faster than glaiciesny other part of
world. The Himalaya is ecologically fragile, as global warming and
increased anthropogenic activities, the glaciere agtreating with
ascending snow line and descending timberlinehénldast 100 year alone,
the global mean temperature has increased by 0°5-WMO/UNEP,
1990). Therefore, recession glacier is an upwardyration of the
environmental stress in response to global warmormg mountain
environments. Incidents of landslides, changesvir regimes, floods etc.

in downstream areas are the major consequencéaocidyetreat.

In the present paper, the recession of some of ldyaa glacier was
identified by monitoring of snout fluctuation andea vacated by the
glaciers. Since last phase of glacial advance (20800 years ago), the
Himalayan glaciers show a progressive glacial atteexd down wasting.

Presently the frontal retreat is dominant. Over thst 25 years, the

16
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Gangotri glacier has retreated 850 m (approximgtelgmpared to 2km
over the last 200 years (Sharma & Owen, 1996). at&l years (1936-
1996) show that total recession of Gangotri glacsed147m, with an
average rate of 19m/year. The present data (1998)2@veals that the
snout is receding at the rate of 25m/year. The géngeomorphic
evidences also suggest that majority of the glaceme in process of

recession.

Therefore, there is an urgent need to study theesaand effects of glacier
retreat in detail with a focus on different isslike possible influences of
climate changes on glacier retreat, impact of ambgenic activities,
neotectonism etc.

17
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LARGE SCALE MAPPING AND MONITORING OF
PATALGANGA LANDSLIDE

Kishor Kumar, P.S.Prasad, Sudhir Mathur, and P.K. Nanda
Central Road Research Institute, New Delhi
Email: kishornhrm@yahoo.com

Most of the topographic maps of hilly terrain ofrazountry which are
used as base maps for carrying out various studasding landslide
investigation and mapping are available in smadllesof 1:50,000 and a
very few in 1:25,000. Small scale maps typicallgresent extensive areas,
but they offer only a gross perspective on detallse potential for
accuracy drops as the area mapped grows largerthencgcale grows
smaller. Such scaled maps are not suitable foreptkd and accurate
landslide investigations and instrumented monitpriA large scale map
which shows a limited amount of space and providesonsiderable
amount of detailed information about that space oaly be used for
detailed landslide investigations, mapping and meooimg. Patalganga
landslide which was considered for large scale nmgpand monitoring, is
a moderate Landslide, covering an area of 0.91sgskmated adjacent to
National Highway 58, at km 256 in Garhwal Himalyde landslide was
developed during a flashflood of July 1970 in tHaklhanda valley, which
brought in loss to the life and property of an @wgedented magnitude and
was named as Alaknanda Tragedy. Patalganga laaddédeloped at a
place where a small hamlet was situated duringl®i) tragedy. Since
then the landslide is repeatedly occurring duringrg monsoon. The
recurrence reminds the public about the 1970 tnagelden Patalganga
was blocked at a narrow constriction which becamectiuse of the fateful
event of 1970. Similar narrow constriction exists the toe of the
Patalganga landslide, which is flared to becomenauwere dangerous, if

the same amount of rain falls with in 24 hoursedsduring 26" August of

18
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1970. The above facts brought forth the needwe gifresh look, not only
to Patalganga landslide but also on Patalganga.b@ise large scale base
maps in 1:500 and 1:12500 scales for Patalgangkslide and Patalganga
basin respectively were prepared using high pmatisotal station and
GPS survey as well as remote sensing data. A referdatum (of known
coordinates and height) was setup in the area uBifigrential GPS of
sub-mm accuracy. The base map thus prepared veaslad to be used not
only for the current mapping but also for the comtius monitoring of the
Patalganga landslide after every monsoon seas600 Iscale provided
opportunity to precisely monitor the slope movemeasttors in millimeter
scale. The reference points installed at diffelecaitions in the area ensure
the repetition of the contouring without any distwn. The base maps were
utilized for preparation of other maps such as gggllanduse, landcover,
geomorphology, geotechnical, drainage, drainagen®asandslide and
many others using extensive field survey. GIS a$ agelmage Processing
software provided excellent prospects to overlalp, cjoin various
thematic layers and draw out new groupings of thgerns and their
relationships to understand various factors, tim@rrelationships and the
mechanism of the slope processes. Repeated maogitofi Patalganga
landslide carried out through monitoring of theestgeg markers installed
on the slope has helped in determining the typemaagnitude of failure.
This paper highlights, in brief, the work carrieat n the Patalganga basin
and on Patalganga landslide.

19
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LANDSLIDES HAZARD ZONATION ALONG NATIONAL
HIGHWAY (NH-1A) FROM ‘MOUR’ TO ‘NASHRI BATOTE' IN
JAMMU AND KASHMIR, INDIA

Rajnish Ranjan
J&K Institute of Management and Public Administoati{IMPA), Jammu
Email: rajnishrnjn@yahoo.co.uk,

The pressing needs to reduce the expected losectdug to Landslides
require focused research programme. In the prasedy, similar attempt
has been made for the zonation of areas in a pa&k which are prone

to severe landslides. The study area is locatedgakhe National

Highway NH1A from Mour Village (district Udhamput) Nashri batote
( district Doda). In the present Landslide Hazaoth@ion Study, various
zones have been marked as most hazardous that awse severe
disasters in future and may affect the local intzatts in and around the
area extending from Udhampur to Nashri on one hamil may cause
serious disruption of traffic on strategic Jammin&ggar Highway. This
zone is known among the most landslides sensitwezin the world. In
the present landslide zonation study, two factorehlbeen considered.
First are geological & topographic factors that lude lithology,

geological structure / lineaments, geomorphologgindge etc. Second
is the triggering factor which includes rainfallarthquakes and
anthropogeny. Although the factors listed underagioal / topographic

parameters have been considered as basic inpulanfislides zonation
study, three triggering factors namely rainfall, rtequakes and
anthropogeny may be considered as external fagtbish may trigger

the occurrence of landslides.

20



Abstracts: Thematic Session — Landslide, AvalarmiteOther Mass Movements

LANDSLIDE HAZARDS ALONG NH-39 IN MANIPUR, INDIA

Arun Kumar
Department of Earth Sciences,
Manipur University, Imphal

The present study deals with the factors associaidthe occurrences of
landslides along National Highway (NH-39), connegtAssam-Nagaland-
Manipur-Myanmar. The study area falls under higerag zone (Zone-V)
along a Churachandpur-Mao-Thrust (CMT) trending ©-Situated west
of the Indo-Myanmar subduction zone. Based on tioelysof micro-
seismicity, deformation rate and creeping, it ieiired that the CMT is an
active creeping fault. The NH-39 runs almost patato CMT for a
distance of 150kms and severely effected by thguéret landslides and
mudflow hazards. The kinematics and slope stalditglyses are used to
understand the causes of slope failure despitbeeoftaterial of the terrain

comprises of high factor of safety.
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ROLE OF REMOTE SENSING & GIS IN LANDSLIDE
SUSCEPTIBILITY STUDIES

S. Sarkar and D.P. Kanungo
Central Building Research Institute, Roorkee

The losses due to earthquakes and floods in Ingiamaich more than
landslides, however, landslide occurrence being emérequent is
considered to be a major geological hazard. Recefetv landslide
disasters in Himalaya have made tremendous impathe society. As a
result of increase urbanization, hill slopes aréendpedisturbed due to
various construction activities particularly theado construction. It is
therefore necessary to know the landslide potertttales before any
construction activity begins so that adequate obntneasures can be
applied well in time. Landslide susceptibility mapgp which delineates
the potential landslide zones, is useful for sugtppse. The paper presents
the use of remote sensing and GIS in landslide mgm@nd preparation of

input data layers and their integration for landisisusceptibility studies.

Remote sensing and GIS techniques play a significale in landslide
susceptibility mapping. Landslide identification,hieh is a crucial
parameter for any landslide susceptibility studsgn e very well done
particularly with multispectral and high spatialso&ution satellite data.
Application of GIS is extremely useful for thematlata layer generation
and for their spatial data analysis, which involvammplex operations.
Hence efficient landslide susceptibility mappingndae carried out by

combining GIS with image processing capabilities.

With the recent advancement in remote sensing alfl t€chnology,
landslides can be well identified, mapped and tearnsd to the real world

to produce a landslide inventory map. Remote sgrgichniques are well
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suited for landslide studies as landslides direatfgct the ground surface.
Landslide information extracted from satellite iraagare mainly related to

the morphology, vegetation and drainage conditadribe slope.

The interpretation of landslides from remote semsiata requires
knowledge of the distinctive features associateatl glope movements and
of the image characteristics associated with thestires. The spatial and
spectral resolutions of the remote sensing datages the primary control
on the interpretability of slope instability phenema and thus decides the
applicability of type of remote sensing data fardalide studies. The IRS
LISS-1Il, though good for differentiating the bamréand from vegetated
land, does not serve the purpose fully to ideritigylandslide slopes due to
its poor spatial resolution while the IRS PAN dateth 5m spatial
resolution, provides better interpretation for Islide mapping. Different
factor maps such as landuse/land cover, lineangadmorphology and
drainage maps needed for landslide susceptibiliégppmg can be very

well prepared from the remote sensing data.

Landslide occurrence depends on complex interact@mmong a large
number of partially interrelated factors. Hence lgsia of landslide

susceptibility studies requires evaluation of thedatronship between
various terrain factors and landslide occurrenceer@he past few years,
there has been a significant contribution of GI6 dpatial data analysis.
An ideal GIS combines conventional GIS proceduresh wmage

processing capabilities and a relational databBise.thematic data layers
can be prepared in GIS platform and the data castdred as attributes for
any further analysis. With the GIS a much largerietg of techniques
become attainable and it is very easy to modifyrésaltant map any time.

Hence a number of maps can be prepared by modifyireg input
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parameters and their weightings till it matcheshwite actual ground

condition.
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LANDSLIDE HAZARD ZONATION FOR DISASTER
MITIGATION IN HIMALAYA

A.K.Pachauri
Center of Disaster Mitigation
Earth Sciences, Indian Institute of Technology, fRee

There is an unprecedented demand for energy fordéwelopment of
Indian economy. The Himalaya is the source of hpgeential for

hydropower. However this development is beset widkural disasters as
the Himalaya is the youngest mountain system inntbebd which are very
active. The geodynamics of Himalaya is of a certa@ture that
encompasses plate motion and triggering of a lailgeof exposed and
unexposed crustal material to stress accumulafibere is a possibility
that the landslides have been occurring in theoregiof large stress
accumulations. Since this leaves us with indirecthods of using
geological knowledge related to these processes tlamdmeasurement
systems are costly. Therefore, geological and geonadogical

parameters have been used in landslide Hazard iaonathe paper

describes this with examples from Himalaya.

Landslide risk reduction in Himalaya is being aftéed through the
program on Landslide Hazard zonation. The authos peepared a
methodology for Landslide Hazard Zonation basedategory of slopes
that are called facets. Facets are elements os¢ape which have similar
geological and geomorphological characteristics.igitage is given to
selected parameters based on their affinity to dkael occurrence. This
weightage is added to get a score for each fadet figure gives an
estimate of the hazard in that facet. The mappingregressively larger
scales can built up an inventory of hazard riskhe area. Himalaya are

fragile and very active mountain system. The needyed out state of
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Uttaranchal needs progress also which means moremaaication
network and more disturbance to the terrain. Theepaiscusses the risk

perception and the utility of landslide hazard magpn risk reduction in
Himalaya.
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LANDSLIDE HAZARD ZONATION OF INDIA USING GIS
TECHNIQUES

S.Rajarathnam and G.P. Ganapathy
Centre for Disaster Mitigation and Management,
Anna University, Chennai
Email: dr_rajarathnam@yahoo.co.in

A Landslide Hazard Zonation (LHZ) map is useful gmlecting suitable
locations to implement development schemes in thantainous terrains
as well as for adopting appropriate mitigation nue@s in the unstable
hazard prone areas. A landslide hazard zonationpimgpwas done
covering the areas in India involving the hill resgnamely Himalaya,
North-eastern hill ranges, Vindhyas, Western Ghiaestern Ghats, etc.,
and the results are discussed in the paper.

The available thematic or factor maps, viz. slofad use, rainfall,
geology and vegetation in the scale of 1.6 millpmrtaining to the study
area were used for the analysis. The landslidetmmmanalysis involved
grid data sets (the discrete data sets from diffetteemes were converted
to grids) to compute the final land use susceptybigrid through
integration and weightage analysis of the soureend#s. The entire hazard
mapping was landslide inventory centered on a A&fd®m. The rank
and weightage values were also modified from reg¢oregion to achieve
the best match between the reported landslide towewf the region and

the corresponding inferred landslide hazard zonanap.

The study area has the landslide hazard zonegodistn of severe to very
high, high, medium to low and unlikely respectively The zonal
management significance with respective to varibagard zones were
discussed. The Ilandslide Hazard Map, so developeddsh to be
popularized among the Architects, Engineers ande@gwment Planners

and also to public so that it becomes tool not ofdy regulating
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construction or development activities but als@aseans of managing or

mitigating landslide disaster.
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EARTHQUAKE INDUCED LANDSLIDE MANAGEMENT ON URI-KAMA N
POST ROAD IN KASHMIR VALLEY-IMMEDIATE CHALLENGES

S. S. Dasaka
Project Beacon — 931 706
Email: bro-bcn@hub.nic.in

On October 8, 2005, Jammu & Kashmir was struck myearthquake of
7.8 magnitude on the Richter scale. The earthga#fieeted hundreds of
villages in five districts of Kashmir Valley. Thehave been 100 after
shocks of magnitude 5 or more, following the maartlequake. The
earthquake damaged about one lakh houses andealffabbut five lakh
population. Uri and Tangdhar regions bore the tboirthe killer quake.
Communication network in these two regions wasnbest affected as the
earthquake caused severe damage to roads, brisdgesther public
utilities. The pattern of intensive and extensdevastation to road
network ranged from deep cracks in road formatsomking of formation,
formation breaches, damages to protective strustexéensive damage to
road surface and damages to culverts and briddesotal length of 370
km of the road network in Uri and Tangdhar sectaas the worst affected.
17.25km long Uri-Salamabad-Kaman Post LoC road lem $rinagar-
Muzaffarabad road was subjected to the worst eestraction due to
heavy movement of rocks and boulders from as hggh(® meters on to
the road surface. Project Beacon of the BordeddR@xganisation lost 66

personnel in the earthquake-induced rockslides.

The Project was fully conscious of the fact thamiediate movement of
relief columns OC Civil Administration, Army and NI5 to the affected
areas required early opening of the lines of comoations. Coupled with
this is the search for the dead bodies, missinggoerel, calming down the
charged up emotions of the Next of Kin of the cargton workers who
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were not aware of the fate of their bread winnemsl o top it all,
maintaining the morale of the Project personnebpen the road at the

earliest.

The paper gives an account of how the immediatderites were met
head on by the personnel of the Project Beacorw#tysthat none ever
imagined that the lines of communication upto W &angdhar were ever
closed by the earthquake-induced landslides. Tdmempdescribed the
typical problem of assignment of the damages avad stretch which was
not fully approachable, committing a likely timeaifine of opening to the
State Administration, nonavailabilit6y of multipkttack points for slide
clearance, immediate requirement of reaching, naédadief to the victims
and organization of other relief material. It déses the risky, challenging,

tiring and trouble some situation into which it wasced.

It describes the Himalayan task of clearing abo# kakh cubic meters of
rockslide debris by unconventional thinking and awic planning, fully
ensuring that at each stage, earliest, unintemu@ed unhindered
connectivity to the villages cut off by the eartbhga is established. It
deals with the psychological strain on part oftatise involved in losing
66 of their comrades but still being bold/courageenough to execute the
task of early opening of the road to LoC against lackdrop of never
ending after shocks of the earthquake, therebyirglpthe Air Force
authorities to save on the limited available aifoefand the Army to
reduce logistic burden. The early reopening of tbad helped in
establishment of a relief point and also the famsilon both sides of the

LoC to reunite with each other.
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At the end, the papers brings out certain shortagminoticed in the
synchronous disaster planning and preparedness anfibrs
recommendations which deserve to be considereck\ehiblving a holistic
planning for a foolproof disaster preparedness uccassfully message
such earthquake-induced landslides as experiengéldebChief Engineer
of the Project who lived through the disaster ayg®to the expectations of

all stake holders.
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IMPORTANCE OF EARTHQUAKE INDUCED LANDSLIDES IN
LANDSLIDE HAZARD MAPPING

R.K. Bhandari
Centre for Disaster Mitigation and Management
Vellore Institute of Technology Deemed University
Vellore, Tamil Nadu
Email: rajmee@yahoo.com

The time has come to take an unconventional view @@rhaps even a
highly controversial, provocative position and dode that the landslide
hazard mapping, the way it is done, is not reafiytlee path to progress.
The whole attempt to hazard mapping is pseudo-stegnand as it

surfaces time and again, all we have done so farngsh in the enormous
power of remote sensing and GIS to produce factapsmand then
monotonically weave them in to hazard maps sideimgcseveral vital

concerns. We seem to ignore hazards due to (d) lpadslides, not
obvious on the surface, (b) earthquake-induced esrthquake-triggered
landslides, (c) runout effects of avalanches andthedlows (d)

consequential landslides upon formation and bugstihlandslide dams,
where such possibilities can be foreseen, (e) ddlagrogressive failures,
especially on unprotected deep cuttings and (fpkspart of unchecked
urbanization and anthropogenic factors. What isemdny ignoring the
essentiality of validation of inferred hazard magminst hard and soft
ground truths, and by downplaying the user-friendlygle, we make

matters much worse!

Most of the current landslide hazards mapping aggves are either blind
or lame, or dumb, or at best on crutches. We hawdused maps by
limited ground surveys without an iota of apprdomt for macro-

geomorphology and remote sensing. Such maps arel. biWe have
produced maps by remote sensing with very littla@ground verification
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of truth. Such maps are lame. We have produced thapsvill be hard to
certify reliable because they have bit of both, ot enough. Such maps
are on crutches. The user unfriendliness of thpsnis reflected in their
muteness to a development planner or a disasteageanFurther more;
usually the scales of maps are not large enoudielip either meaningful
risk analysis, or imaginative development plannifige small-scale maps
are usually over sung, as the non-scientists amigngeem get lured and
begin to question the need for further mapping wk@me such maps are
already available. Wrapped with uncertainties, ossuch maps may do
more harm than good, and the mammoth effort bailihe production of

such maps may at best reduce to a mere acadennasexe

Since landslide hazard is strongly dependent erdégree, extent and rate
of human intervention, and those are the hardesgshto comprehend,
judge and evaluate, the maps admittedly cannotdee ffom the ensuing
limitations. Therefore, when it comes to slopeuiask, it would be wrong
to replace the subjectivity and value judgment loé twise with all
appealing sophistry of stochastic methods, and lpopuote called

consensus.

The paper spotlights the importance of earthqualeded landslides in
landslide hazard mapping and rakes up some of iiherto neglected
issues solely with the view to stimulate a debateatrive at the way
forward.
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NUMERICAL MODELLING OF EARTHQUAKE TRIGGERED
LANDSLIDE IN JOINTED ROCK SLOPE

D.K.Paul and Shilpa Pal
Department of Earthquake Engineering, IIT, Roorkee

Deformation mechanism in rocky slope causes slidang rotation of
blocks leading to slide failure. Rock discontinestin a massive rock mass
play a very important role under static and dynaoanditions. To study
the stability of jointed rock slope, a case studg been done. Static and
dynamic analysis of a 750m high rock slope in westdéorway has been
performed using a discontinuum modelling techniqgu®EC. For
predicting the behavior of rock slope, parametiiglyg including the effect
of insitu stresses, reduced friction angle at gimtynamic loading under
strong earthquake records has been done. This niwakelhelped in
understanding the effect of geo-mechanical progerif rock mass

affecting the stability of rock blocks and dynamoésockslide.
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METHODS FOR EVALUATION AND MITIGATION OF
EARTHQUAKE-INDUCED LANDSLIDES

Deepankar Choudhury
Civil Engineering, Indian Institute of Technologp®Bbay, Mumbai
Email: dchoudhury@iitb.ac.in

Failures of slopes commonly occur during major leprakes and, apart
from liquefaction, often constitute the most visibland damaging
landslides. Recent incidents like 1989 Loma Prig®®4 Northridge, 1995
Kobe, 2005 Kashmir earthquakes provided severalmpbes of

earthquake-induced landslides. In this paper, Hréous aspects of static
and seismic slope stability analyses have beerusked including the
different classical and recent methods devisedHese analyses. Among
the techniques to evaluate the seismic slope gyaliNewmark’s sliding

block method has been the source of plenty of rekeaork in this field

which has led to several improved slope stabilibalgses procedures
under seismic conditions in the recent years. Amestudy on the analysis
of stability of slopes under seismic conditions using the method of
vertical slices with due consideration of the isliee forces is mentioned.
The sliding soil mass is divided into a number @ftical slices by

considering interfacial forces between two congeeuglices, and the limit
equilibrium analysis for these slices under thdugrice of static forces
along with pseudo-static seismic forces are cardgatl The effects of
variation of different parameters like slope inaliion, soil friction angle

and seismic acceleration coefficients both in lwnial and vertical

directions on the dynamic factor of safety are clejpi. Comparison of the
present results with the existing solution is aksported. Finally, a review
of the performance of reinforced soil slopes unei@ithquake condition,
compared to an un-reinforced slope shows that #rehguake-induced

landslides decreases significantly by use of reg&ment in slopes.
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FORMATION AND BREACHING OF LANDSLIDE DAMS AND
RELATED ASPECTS: DOCUMENTED EXAMPLES FROM THE
HIMALAYA

Vikram Gupta and M. P. Sah
Wadia Institute of Himalayan Geology, Dehra Dun
Email: vgupta@wihg.res.in

Landslides and related mass movements are commameitdimalayan
terrain. Owing to the inherent geomorphic settingthe form of steep
slopes and narrow valleys, these landslides oemporarily block the
major rivers or their tributaries, thus creatingdsa. The landslide dams are
formed in a wide range of geomorphic setting. Mmstimon type of these
dams are due to rock and debris avalanches, rogksaih slumps and
debris flow. These dams breach either shortly oy take couple of years’
time after their formation, depending upon the ahtaristics of the
material involved and the quantum of water flowthgough the channel.
The formation and breaching of these dams causmergience of the
terrain in the upstream regions and flash floothendownstream region.

The present article discusses and analyzes theafmrmand breaching of
historical and recent landslide dams in the Himalayhe creation and the
breaching of landslide dam in Birehiganga Riverimyrl893 and 1970,
Dhauliganga River during 1956, Rishiganga Riveirdud 967, Patalganga
River during 1970 in the Alaknanda basin, Madhmhihas River during
1998 (Garhwal Himalaya), Kali River during 1998 (Kaon Himalaya)
and Satluj River during 1998 and 2000 and SpitieRiduring 2005
(Himachal Himalaya) are some of the well documentkdge-scale
landslide dams. The causes and the consequentes laihdslide dams in
the Satluj and Spiti Rivers have been analyzed reatgdetail by the
authors. The preliminary analysis of the data seficates that the
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frequency of the creation of the dams in the Hiyaha terrain has

increased in the recent past possibly due to shdlimatic patterns.

The outcome of this study will have two major inggliions for the disaster
management. Firstly, with the establishment of ntage-frequency
relationship of landslide / landslide dams in tlastpand present will help
in understanding global climate change and secomdtis the preparation
of inventory of landslide dams, the risk posed tognust be evaluated so
that proper landuse planning may be formulatedHerdevelopment of the

Himalayan region.
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EARLY WARNING SYSTEMS AGAINST LANDSLIDES

R.K.Bhandari
Centre for Disaster Mitigation and Management
Vellore Institute of Technology Deemed University
Vellore, Tamil Nadu
Email: rajmee@yahoo.com

Forecasting the occurrence of a landslide or a masg&ement event is a
highly complex matter dependent on interplay ofeagvariety of factors,
not always easy to assess or estimate with ratabilMost attempts to
predict occurrences of slides are based either éssurements of rainfall
and time dependent surface and spatial variatiopiefometric pressures
within potentially sliding masses or on the visilsleganges in the surface
features of a landslide including preslide deforormat Acoustic Emission
Monitoring aids in forecasting and therefore carabeery powerful tool in
obtaining premonition of impending failures. Ircfain most cases, slope
collapse is preceding by subtle warning phenoménemmous kinds. Pre
or post failure rates of movement of a slope artasdy important but to
define failure by pinpointing the acceptable lewvalidotal displacement in
a given situation is equally important. For a slopgporting human
settlements or other important buildings, a fewticegter of displacement
leading to cracking of buildings or tilting of walmay be construed as the
slope failure. On the other hand, in some casesrakemetre of movement

could be tolerated provided it does not lead tatastrophic failure.

Incipient instability of slopes and early warningsaing landslides is
possible through systematic mapping, slope instniat®n, monitoring
and real time data analyses. Modern technologyofienumber of high
resolution instruments that can capture, monitar @ansmit data for real

time analyses and forecasting.
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A lot more research is necessary to be able to feveappreciation of
severe limitations and uncertainties in forecaséind early warning. There
is a huge and often unjustified criticism of thev@mment that it failed to
predict a landslide disaster. Consider a forecash \80-60 percent
probability of a major landslide at some locatiom Assam where
earthquake is expected to provide a triggeringdolicsuch a disaster were
indeed to occur, hundreds could perish and thowgsanid be affected in
one way or the other. How should then the govertnmamdle such a
forecast? If they neglect it and the landslide edleccurs as predicted,
government will almost certainly be accused of imec If the government
acts fast and spends public funds on preventivdsshae does not occur,
it would be accused of wasteful expenditure whemenmmportant projects
lie in abeyance for want of funds. Every failedeast will be blamed for
ensuing fear psychosis, panic reaction of publid amedia, diverted
attention from real issues, disruption of norm#éd,lispeculations on land
prices, and rise in insurance premium, high econoamd social costs,
mass exodus, and mob violence. Public educatitreisnly way to ensure
that it understands the difficulties and learn éhidve the government, if

decides to suppress a forecast based on its owe padgment..

Public response to a forecast is another diffiatdta. If the people are not
educated, they will interpret the same forecastedshtly. If not fully

aware of the lethal consequences, they will gelyaia@e warnings light.
Besides providing a critique on the present stitthe-art, the paper will

reflect on the composite dimension of early warragginst landslides in

India.
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LANDSLIDES - IT'S TIME THEY ARE PREVENTED

G.Venkatachalam and Mallika Sreedharan
Department of Civil Engineering, IIT Bombay, Mumbai

With advancements in technology, hilly terrains being ‘conquered’ to
make way for roads, railways, lifelines and regownships. And today,
there are many more man-made landslides than efereb The need for
infrastructure development cannot be debated iaytedcontext; but, the
feasibility of landslide prevention certainly shaude. Major infrastructure
links have witnessed time and again multiple laddsl during monsoons
and consequent losses including human. Recurrisgeto have evoked
recurring ad-hoc remedial measures on an annuéd bakeep the links
operational. It is about time the problem is look&dfrom a different
perspective and concerted efforts are made to stade and prevent them.
Based on experience in the Western Ghats, a fewrigesituations are

highlighted and a few suggestions are made forilplessrevention.

A common situation observed along major motorways r@ilway links is
the construction of the formation on a sloping raltground. Where width
for right-of-way is insufficient adjacent to deeplieys, the road is laid
partly on fill and partly on natural sloping grounthis produces in its
wake serious problems of subsidence, therefore @inage and,
consequently, a preventable landslide during hekwnpour. Such sites
are easily identifiable at reconnaissance stag# @sd alternatives can be
thought of at planning stage. Another situatiorrlipps, the most common)
is one of debris flows from hills along hidden shemck surfaces. There
have been instances of several such slides takawg gimultaneously in a
single day during a typically heavy downpour. Widithnologies such as
remote sensing, GPR and reliability and risk ang)ythere is a reasonable
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chance of identifying these hidden rock surfacekthase potential trouble
spots. There are other situations as well. Thisepdpghlights some

possibilities for hazard mitigation in such sitoat.
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SYNCHRONOUS DISASTER PLANNING FOR IMMEDIATE
REOPENING OF SNOW AVALANCHE RAVAGED JUMMU -
SRINAGAR HIGHWAY : CHALLENGES

S. S. Dasaka
Project Beacon — 931 706
Email: bro-bcn@hub.nic.in

During Feb 2005, the 294km long Jammu-Srinagar Wayhexperienced
on of the most severe winters in 37 years. It agpeed unprecedented
snow tsunami on 18 and 19 Feb 2005, which triggerasisive avalanches
along the National Highway. The area of Jawahar n€lnalong
experienced 10 avalanches of various magnitudesth®f294km long
highway, about 200km from Kud (near Patni Top) tm&ar was covered
with snow heights ranging from 4ft to 50ft.

Jammu-Srinagar Highway is the only link to the KasghValley with the
rest of the country and is aptly called the lifeeliof J&K. The snow
tsunami not only closed the road completely, bab alosed the Srinagar
Airport, threw the telecommunication links out adag, stranded hundreds
of vehicles on either side of the funnel, rendemaddreds homeless and
fell hundreds of tree alongwith electric and tel@mpd poles on the highway.
The road experienced sever damages to formatiorfacsuy and
permanent works. The road maintenance teams de&plalfealong the
highway as per pre-disaster planning were trappsdden land / snow
slides and avalanches. The clearance equipmenwésocovered under
high snow. At the Jawahar Tunnel, about 360 pemsomfi various
agencies got trapped inside as portals of the tummall four sides were
covered with snow. Fuel, Oil and Lubricant stonedion stores and the
entire snow clearance equipment was buried understiow. Also, 11
personnel of the Project Beacon were buried underhigh snow, out

which only five managed to escape. In all, the lifie to the Valley was
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cut off. The Kashmir Valley was too unmanageablbdganaintained by air.

Lakhs of people prayed for early opening of thenhigy.

Project Beacon, responsible for the maintenancéh@fhighway swung
into action. The situation was alarming, expectetiof stake holders on
the early opening of the road were high and thenry, importance and

sensitively of the situation demanded that the balltaught by the horn.

The paper describes the immediate challenges befioge Project-

Incremental and continuous connectivity to all agks and towns
connected by the snow clad highway, non-availabiit snow covered,
snow clearance equipment, non-availability of lakos, inability to

carryout reconnaissance of the area to plan themmimengineering task,
lack of tele communication, constantly increasimgspure of Central and
State Governments, Army, Public, traders and thesgrto open the
highway and the non-feasibility of multiple attapkints to deploy the

equipment.

The paper describes as to how these challenges liere met by the
Project by dynamic planning, unconventional thiigkiend fully ensuring
that at each stage, connectivity to the populatah off by the snow
tsunami is incrementally established. It describdes conflict between
prioritization of resources of converting singlynéato two lane or to
extend the singly lane connectivity further and t@nflict between

delayed cum safe road versus hurried cum unsaée roa
At the end, the paper describes certain lessomsvére thrown up due to

this unusual and once in a life-time opportunityichhhave a bearing on an

integrated and comprehensive disaster preparedoesmy such future
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eventuality. The paper also suggests various inéa required to be taken
by various stake holders — State Administratiomaffic Police, Border

Roads Organisation, Media and the public in thetsleom and long term
so as to be more prepared and ready to face ahyeseenituality — all these
as experienced by the Chief Engineer of the Proydod lived through the

disaster and rose to the expectations of all dtalders.
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ASSESSMENT AND MITIGATION OF LANDSLIDES IN THE
HIMALAYA

A. K. Dhawan, R. Chitra and Manish Gupta
Central Soil and Materials Research Station, NeWiDe
Email: akdhawan@nic.in

Landslide is the most natural of geologic process&s thorough
investigation produces information that forms thasib for design
decisions. The engineering approach to landslidelies has focused
attention on analysis of individual slope failuredatheir remedial
measures. The analysis and solution of landslidglems as well as
prevention of landslides requires an understandingeology, hydrology,
seismology, geotechnical exploration and engingerinoomputerized

analytical methods, and practical and constructbigineering solutions.

India has about 25% of its geographical area umd@untainous terrain
and Himalaya being the youngest mountain chain s
geologically/tectonically very unstable and seisafticactive. These weak
terrains have experienced several landslides wiaefe claimed numerous
human lives. Proper planning and developmentalrsekan these terrains
only can take care of the instabilities of the s®@nd the safety of the
human lives which can keep the resultant geo-enmemtal hazards to a
minimum. Landslides need to be properly studied ashelquate measures
are to be taken at the appropriate time. If noigl$éides gradually increase
in size and attain large dimensions causing innabiler problems

recurrently.

Central Soil and Materials Research Station has) beeolved in the
investigation of numerous landslides in the Nordistern region of India
and the neighboring country Bhutan. The Chandnaarddlide located in
the North Eastern state of Sikkim with a loss oli@8s in 1997. Similarly,
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Kohima the capital township of Nagaland experientedwvy landslide

claiming loss of many human lives during the rasewson of the year 1999
at several places. A series of landslides occumdtie Tala Hydroelectric

project, Bhutan area due to the unprecedentedatainf the year 2000.

CSMRS has been actively involved in the assessamehinitigation of these

landslides. The paper focuses about the landshdagmenon, its mitigation

and the experiences of CSMRS in the North eastgiom of India and the

neighboring country Bhutan.
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OPTIMIZATION OF SOIL NAILS FOR SLOPE STABILIZATION
USING DIFFERENT SOFTWARES

V. M. Sharma
Advance Technology Engineering Services, New Delhi
Email: vmsharma@aimil.com

Stabilization of slopes is a common problem faced deotechnical
engineers. Several techniques are used to get tbierproblem. Soil
Nailing Technique is one of them, which is promgsend applicable in a
wide range of conditions. The design of the soilimg system can either
be done manually or with the help of softwaresc8iseveral solutions are
possible to stabilise a given slope, it is desedbllook at the optimisation
of the solution. The paper presents a case studystpe in the Himalayan
region. It describes the geometry of the probletme geotechnical
investigations carried out and the design of thé raailing system. The
design was carried out and optimised using more ghsoftware and their
results compared. It describes the details of di@tof the works and the

instrumentation provided.
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NAILED SOIL WALL FOR LANDSLIDE PROTECTION AT
NAINITAL

Satyendra Mittal and Meenal Gosavi
Department of Civil Engineering
Indian Institute of Technology , Roorkee

Email: smittfce@iitr.ernet.in

Landslides, one of the natural catastrophes alwayse a major problem
in the Himalaya by killing hundreds of people eveygar, besides
damaging the properties and blocking the commuisicalinks. Mass
movements in the mountainous terrains are nat@wgiadlation processes,
and one of the most important landscape buildirgjofa. Most of the
terrains in mountainous areas have been subjeatsibpe failure at least
fragility, extreme rainfall, deforestation, insthityi of slopes, tectonic
activities. To reduce the landslide probabilitias critical locations,
scientific slope stabilization techniques like swlling, soil stitching, rock
anchoring etc. are commonly used. The presentrpdiseusses the
solution for the stabilization of the slope thatswexposed to landslide by

using soil nailing method.
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FRAMEWORK OF COMPREHENSIVE GUIDELINES FOR
SITING OF HUMAN SETTLEMENTS IN LANDSLIDE PRONE
HILLY TERRAINS OF INDIA

Surya Parkash
National Institute of Disaster Management, New Delh
Email: suryanidm@gmail.com

Human settlements in the hilly terrains of Indiadaften faced disastrous
situations due to inappropriate siting on suscéptihillslopes, e.g.

landslide tragedies of Mumbai (2005), Varunawa0@0Amboori (2001),

Malpa (1998), Kullu (1995), Nilgiri (1993). The aontt of losses incurred
by these disasters in terms of economy, life andr@mment are colossal.
Therefore, appropriate siting of structures is @ose concern to the
researchers, professionals, administrators anguhbkc. Since the country
has a wide variety of geo-environments, no singler@ach is feasible to
be followed for all kinds of situations. Althougbree specific guidelines
for particular situations have been proposed adimStandards Code (IS
14804:2000) on residential buildings in hilly tensalso exist, yet further
improvements are needed and comprehensive guidelmiéh case

examples from actual field studies are still lagkimhe present paper
attempts to discuss about the framework of commrgiie guidelines that

would deal with most possible situations of sitinghe country.

Siting basically involves systematic selection, npliiag, designing and
development of a part of the terrain for any pattc landuse to stimulate
safer and sustainable growth. This paper focusBsamnsiting of human
settlements in landslide prone hilly terrains aién It attempts to present
those factors or conditions that can aggravateeduae the risks to the
human habitats due to ground failures like landsyjdliquefaction and

subsidence.
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The important factors in the siting process incltiteehazard history of the
area, topography, geology, geomorphology, metegypltnydrogeology,

neotectonics, seismicity, landuse and landcoverditions besides the
existing infra-structure, amenities and esseneaVises available at site.
The guidelines also emphasize on the need of preimy and detailed
geological / geotechnical investigations for assgssaverting or reducing
the impacts of any terrain failure. Development @mprehensive
guidelines based on the proposed framework wouldjlee helpful in

dealing with real-time problems of human settlersantlandslide prone

hilly terrains of the country.
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TECHNO-LEGAL AND TECHNO-FINANCING REGIME FOR
DISASTER RISK MITIGATION

V. Suresh

Gold Souk Block C, Sushant Lok Phase-1
Gurgaon, Haryana — 122 002.

Human settlements are frequently affected by nhtulizasters -

earthquakes, floods, tsunamis, hurricanes, cycldaesislides, droughts,
wild fires and sea erosion - which take a heavyaimlhuman lives, destroy
buildings and infrastructure and have far reacheéisggnomic and social
consequences for communities. Every disaster brviisit, in addition to

the extensive damage to property and infrastructis® a heavy toll on
human life and livestock. Consequently it resultheavy financial losses,
disruption of activities and loss of labour produty unleashing a chain

of compounding economic losses at the national.leve

The vulnerability of human settlements to disasiersontinuously rising
due to the concentration of population and econacaaitvities in large
urban and rural agglomerations in addition to thecarious location of
settlements of the poor in both urban and rurasréhese populations are
highly vulnerable to natural disasters on accodineoy high densities and

locations on flood plains, hill slopes, coastakareseismic belts etc.

Substantial efforts are being made throughout tbddmo overcome the
impact after the natural hazards. Even the welettged countries like
USA, Japan have suffered from severe disasterBerpast. But with an
integrated approach to Regional Development Plagnmiith community

participation and integrated approach to disastggation, these countries
have been able to reduce the impact of disaster goeat extent over a
period of time. Further, these countries are cowtusly engaged in

collecting the data base, information, undertakirggearch on risk
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assessment, vulnerability prediction, developmdntisaster prevention
and mitigation techniques and creation of an awesgm@mong the masses
through series of actions for training, educatiow aapacity building.
Most of the developed countries are still contirslpuengaged in
strengthening their disaster management capabilitieche form of short

term and long-term strategies.

However, developing countries battle disastersr dftey have happened
and are hampered by the lack of organized datalmsegell as lack of
Action Plans. All efforts are concentrated on pdisaster relief and
rehabilitation efforts with rescue, recovery, rklieeconstruction, repairs,
renewal and retrofitting and economic rehabilitatitt would have been

more prudent to provide for pre-disaster mitigaediorts.

RESEARCH STUDIES IN LANDSLIDES — RE-SETTING
PRIORITIES

R.K.Midha
midhark2001@yahoo.co.in

Landslides in India are particularly severe in Hienalayas. The young
active geologic set up, high rainfall and incregstultural activities have
contributed to the severity of the problem. Eas®hats, Western Ghats
and Nilgiri Hills are also affected but with reddcetensity. Ecological

damage, economic disruption and human losses ati@geoncrease due to
the pervasive nature of the landslide phenomenantgated by the fast

pace of development that the country is witnessing.

Scientific investigations are conducted by manynags, research and
academic, supported by DST, CSIR, MoEF, MinistryMihes, Ministry
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of Water Resources and other funding agencies. t Mbshese efforts
continue to be concentrated on preparing landsiedeard zonation maps
on macro and meso scales with the help of ren®itsiisg data. Work on
modeling mass movements, developing control measuend
demonstrating their efficacy is limited. It reqesrpainstaking efforts in
the field for generating data on the shear chanattes of the slope
forming materials and geo-mechanical behaviour e tiscontinuity
surfaces. This then leads to understanding theepses operating at the
surface(s) of failure-an essential pre-requisiteafiopting suitable control
measures. Wherever such basic data have beewtedllave have seen
success of control measures like drainage of seiidac subsurface water,
slope modification by cutting and filling, use oéa@synthetics and jute-
derived material for arresting soil erosion and slgps. There is an urgent
need to enlarge this experience by further evoltimgse initial success
stories in varied geologic settings, in-buildinge thcost/economic
dimensions. Research priorities thus need to bsetrdo invest greater

proportion of resources on projects devoted to:

* Instrumentation of representative landslides irfedént geologic
settings and monitoring their behaviour over exeehgeriod of time

» Geotechnical characterization of discontinuity acefs

» Developing cost-effective control measures and dediing their
efficacy

» Developing integrated database at different spegsdlutions

» Training of manpower and technology transfer

* Management of slopes with proper land use regulatio

It is hoped that with the constitution of the Na@b Disaster Management

Authority at the apex level, studies on landslide$i receive a fresh
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impetus and acquire greater focus to give them pplication bias and
result orientation. Funding agencies can make #fnitde positive
contribution towards this task, thereby puttingdslide research in the
country on a sustainable footing.

54



Abstracts: Thematic Session — Landslide, AvalarmiteOther Mass Movements

Research Studies in Landslides — Re-Setting Priorés

R.K.Midha
midhark2001@yahoo.co.in

Landslides in India are particularly severe in Hienalayas. The young
active geologic set up, high rainfall and incregstultural activities have
contributed to the severity of the problem. EastBhats, Western Ghats
and Nilgiri Hills are also affected but with reddcentensity. Ecological

damage, economic disruption and human losses atigeoncrease due to
the pervasive nature of the landslide phenomenzntgated by the fast
pace of development that the country is witnessing.

Scientific investigations are conducted by manynags, research and
academic, supported by DST, CSIR, MoEF, MinistryMihes, Ministry
of Water Resources and other funding agencies. t Mbshese efforts
continue to be concentrated on preparing landsiateard zonation maps
on macro and meso scales with the help of ren@isisg data. Work on
modeling mass movements, developing control measuend
demonstrating their efficacy is limited. It reqesr painstaking efforts in
the field for generating data on the shear charatts of the slope
forming materials and geo-mechanical behaviour e tiscontinuity
surfaces. This then leads to understanding theepses operating at the
surface(s) of failure-an essential pre-requisiteafopting suitable control
measures. Wherever such basic data have beewtedllave have seen
success of control measures like drainage of seirdacl subsurface water,
slope modification by cutting and filling, use oéa@synthetics and jute-
derived material for arresting soil erosion and slgps. There is an urgent
need to enlarge this experience by further evoltimgse initial success

stories in varied geologic settings, in-building e thcost/economic
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dimensions. Research priorities thus need to bsetrdo invest greater

proportion of resources on projects devoted to:

* Instrumentation of representative landslides irfedént geologic
settings and monitoring their behaviour over exeehgeriod of time

» Geotechnical characterization of discontinuity acefs

» Developing cost-effective control measures and deding their
efficacy

» Developing integrated database at different spegsdlutions

» Training of manpower and technology transfer

* Management of slopes with proper land use regulatio

It is hoped that with the constitution of the Na&b Disaster Management
Authority at the apex level, studies on landslideli receive a fresh
impetus and acquire greater focus to give them mplication bias and
result orientation. Funding agencies can make #fnitde positive
contribution towards this task, thereby puttingdslide research in the

country on a sustainable footing.
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