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Preface

The Hindu Kush-Himalayan (HKH) Region is the most dominating physiographic feature on our
planet. Constituting the youngest mountain system in the world and with unstable geologic condi-
tions, the terrain is fragile, giving rise to unstable slope-land systems. Characterised by a monsoon
climate, the region commonly experiences extreme weather events and intense seasonal precipita-
tion which commonly trigger natural hazards such as debris flows and landslides. The peoples of
the HKH region suffer greatly from these disasters. Every year, landslides and related hazards cause
several billion US$ in economic losses and thousands of deaths are suffered in the region, account-
ing for about 50 per cent of the total deaths from such hazards in the world. Apart from natural
conditions, large-scale deforestation, unplanned human settlement, extension of agriculture on to
landslide prone areas, and badly-engineered mountain roads have rapidly increased the number of
landslides in the HKH. As the population of this region increases, the frequency and intensity of
landslides is also bound to increase. Institutional capacity to deal with these problems on a system-
atic basis needs to be strengthened substantially in the regional countries through generation of
awareness and dissemination of appropriate technology and skills.

In the last few decades, studies and management of landslides have significantly increased in
scope. Dissemination of this knowledge can help mitigate landslide hazards in the region. The
knowledge needs to be disseminated both to the grass roots as well as to higher technical levels. A
multidisciplinary approach and bringing together of professionals of different disciplines such as
engineering geologists, geotechnical engineers, hydrologists, meteorologists, geomorphologists,
foresters, agricultural scientists, and civil engineers are the keys to effective mitigation of landslide
hazards.

Landslide studies and management requires input from professionals from diverse fields as well as
very close interaction among them. Publications dealing with the problems of landslides by pooling
together diverse subjects, such as geology, engineering geology, geophysics, geotechnical engi-
neering, civil engineering, hydrology, meteorology, and bioengineering, in one volume are not
common, and they are particularly rare for use on the HKH region. The present publication is an
attempt to fill this gap.

The resource materials contained presented in this volume are from China, India, Japan, Nepal, and
the UK. All the papers that appear in the volume were reviewed and edited before the publication.
The first part of the volume has 14 papers that deal with the principles and investigation of land-
slides and debris flows and the second part has 4 papers dealing with mitigation and management
based on case studies in Nepal and China. An attempt has been made to include relaied topics such
as the physical aspects of the HKH region (geology, physiography, seismicity, climate, and rainfall)
and their bearing on landslide problems and techniques of investigation and mitigation methods.
While preparing this volume care has been taken to keep the articles as simple as possible and
understandable by a diverse group of professionals.



These days specialists as disparate as foresters, civil engineers, development workers, tourist
guides, and agricultural advisors may be confronted directly or indirectly with landslide risk as-
sessment and hazard mitigation. However, few have any formal training in the subject, and there are
few resource books that can be used by the technically able non-specialist, and even less that are
specifically concerned with the HKH region. This book, which is the final product of materials
prepared for a series of regional training programmes organised by ICIMOD, is designed to fill this
gap. It is a comprehensive reference manual, with information about a wide range of topics related
to landslide development and mitigation and assessment of risk. It is hoped that the chapters will
provide useful reference material both for field engineers and for the many other experts engaged
at the field level in landslide hazard management and control in the HKH countries. It can also be
used as course material for academic and professional training on landslide management and
control as well as for students of civil engineering and the geosciences.

The first draft of the resource materials for training in landslide hazard management and control was
tested during a 4-week pilot training course from May/June, 1996, in collaboration with the Water
Induced Disaster Prevention Technical Centre (DPTC) of the Ministry of Water Resources, His
Majesty’s Government of Nepal. Altogether 18 professionals, mainly engineers and geologists from
Bangladesh, China, India, Nepal, and Pakistan, participated in this pilot course. Subsequently the
training materials were sent to experts for review, and then a revised version was received from the
respective authors based on the comments and suggestions from the reviewers. The revised train-
ing materials were tested again during the second training course conducted by ICIMOD during
September/October, 1999, which was attended by 16 participants from Bangladesh, Bhutan, China,
India, Myanmar, Nepal, and Pakistan. Fourteen trainers and resource persons from Austria, China,
Germany, India, and Nepal provided the training. In order to improve the capacities of the relevant
partner institutions in the countries of the Hindu Kush-Himalayan region in training and applied
research for disaster mitigation, with particular reference to landslide hazards, some training materi-
als were selected for publication in this volume.

It is hoped that the materials in this volume are useful to experts as well as middle-level technical
manpower in the related fields. The materials might also be useful for academic institutions for
courses in civil engineering, geotechnical engineering, engineering geology, geomorphology and
other related subjects with particular reference to the HKH.



Foreword

One of the goals set by ICIMOD in its Mountain Natural Resources’ Programme is “to improve the
conditions of mountain resources and environments in the Hindu Kush-Himalayan (HKH) region
by reducing and eventually reversing their degradation.” The programme activities include the
identification of measures to mitigate different types of natural hazards which result in the loss of
natural resources; promotion of skills and methodologies for natural hazard assessment; and
improvement of public awareness for better disaster preparedness in mountain areas.

ICIMOD has developed and implemented different activities in landslide hazard management and
control since 1994 with financial support from the Government of Japan. These have included
training and capacity building, research, documentation, and information sharing — with a major
focus on training people involved at different levels in the field of landslide hazard mitigation and
management. The common theme in all these activities is improved landslide hazard management
based on a better understanding of the different natural and manmade processes and, through this,
improved planning of infrastructure, settlements, and sloping agricultural land management. With
the increase in construction and development activities on sloping lands across the HKH region,
it has become essential to have a better understanding of geo-environmental, hydro-climatic,
biophysical, bioengineering, and socio-institutional processes in order to avoid an increase in
disasters.

I would like to express my sincere appreciation and thanks to the Government of Japan and the
United Nations Development Programme (UNDP) for their generous support to [CIMOD’s Land-
slide Hazard Management Programme and hazard mapping and risk assessment activities (2000-
2002), which are part of the Participatory Disaster Management Programme (NEP/99/014) imple-
mented by UNDP/Nepal. Professor S. R. Chalise and Professor Li Tianchi from ICIMOD were the
coordinators of the programme at various phases. Professor B. N. Upreti of the Department of
Geology, Tribhuvan University, and Mr. M.N. Sharma, TAEC Consult (P) Ltd., assisted with the
technical editing. Many thanks are also due to the experts and resource persons who shared their
knowledge and experience during the training events and also spent valuable time preparing and
revising the training materials.

ICIMOD would welcome any comments and suggestions that will help us prepare an improved
future edition of the publication.

Binayak Bhadra

Director of Programmes
ICIMOD
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materials throughout this book. If any proper acknowledgement has not been made, or permission
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This publication would not have been possible without the support of all the staff from ICIMOD,
in particular, we would like to record our appreciation and thanks to the former Director General of
ICIMOD, Mr. Egbert Pelinck, for his encouragement and untiring support for the landslide hazard
management programme and for the publication of this document. We are equally thankful to the
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ICIMOD, for their keen interest and support for this publication. Special thanks are due to Ms. Greta
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work in bringing the document and its contents into its current shape. Ms. Reeta Rana, Senior
Secretary, Mountain Natural Resources Division, deserves special thanks for her secretarial sup-
port Thanks are also due to Dr. S.M. Rai for computer drafting most of the figures included in this
volume and to Mr. Asha Kaji Thaku and Mr. Sushil Man Joshi for the long hours spent on the
graphics and layout.

Li Tianchi
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B.N. Upreti
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high risk
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LDP low damage potential

IH low hazard

LHEF Landslide Hazard Evaluation Factor
LHM landslide hazard management
LRA landslide risk assessment

IR low risk

LZE Lesser Himalayan Zone

M Magnitude (of earthquake)
masl metres above sea level

MB Mahabharat Thrust

MBT Main Boundary Thrust

MCT Main Central Thrust

MDP Moderate Damage Potential
MFT Main Frontal Thrust

MHT Main Himalayan Thrust

MH moderate hazard

MM Modified Mercalli Scale

MR moderate risk

MRE Mountain Risk Engineering
NEA Nepal Electricity Authority
OCR Over Consolidate Ratio

RA risk assessment

RAM Risk Assessment Matrix
RFRP Road Flood Rehabilitation Project
RMR rock mass rating

RQD rock quality designation
SDC Swiss Development Co-operation
SMR slope mass rating

SN State-of-Nature

SPT Standard Penetration Test
SRC soil, rock, and concrete

SSlI Sub Surface Imaging

STD South Tibetan Detachment
TEHD Total Estimated Hazard

THZ Tethys Himalayan Zone
TRZ Trans Himalayan Zone

VES vertical electrical sounding
VHDP very high damage potential
VHR very high risk

VLDP very low damage potential
VIR very low risk

WERDP Water and Energy Resources Development Project
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- Glossary

adit nearly horizontal tunnel used for exploration; excavation of a
main tunnel; or access, drainage, or ventilation of a mine or other
structure

base-flow flow in a river from groundwater sources rather than from
precipitation events

bedload the amount of solid material (like sand, gravel, and boulders)

carried along a river-bed by rolling pushing or bouncing (in
contrast to the sediment load which is carried in suspension);
the material can result from landslides, debris flows, and GLOFs
as well as coming from the river-bed

berm a horizontal ledge cut between the foot and top of an embank-
ment (or other slope) to stabilise the slope by intercepting
sliding earth

break of slope an abrupt change of slope resulting from differences in erosional

history of the terrain or from lithological contrasts; the change of
slope in the long-profile of a river bed is termed a knickpoint
(nickpoint) or rejuvenation head

catchment area in British usage, the total area drained by a single stream or river
with all its tributaries; in the USA, the intake area and all areas
that contribute surface water to the intake area of an aquifer (see
also river basin, watershed)

cumec a measurement unit relating to the rate of discharge of a stream;
refers to the volume of water passing through a particular
section of the stream and is obtained by multiplying the cross-
section of the channel at the position of the measuring station
by the velocity of the flow

damage potential a measure of the damage that could be caused by a disaster like a
landslide in the form of loss or damage to life and property

debris a superficial collection of broken rocks, earth, and other inor-
ganic material (usually that has been removed from an original
site by streams of water or ice and redeposited)

debris avalanche a very to extremely rapid debris flow



debris flow

debris slide

decollement

dip direction

dip

dislocation

earth flow

electrical resistivity

epicentre

factor of safety (F)

falls

fault
fault plane solution
fault zone

first motion data
flash flood

flashy river
flat

a rapid mass movement of loose soil, rocks, and organic material
along with entrapped air and water to form a slurry that flows
downslope

a slide of coarse-grained soil usually containing angular rock
fragments, typically made up of debris from glaciers or from
colluvium resulting from the disintegration of rocks in situ
deformation of superficial rocks or sedimentary beds by folding
or faulting without the rocks at depth being affected; usually
accomplished by sliding over the underlying rock

the direction of a discontinuity perpendicular to the strike of the
rock strata given in terms of the points of the compass

the maximum inclination of a structural discontinuity to the
horizontal plane measured in a direction perpendicular to the
strike of the rock strata

the displacement of rocks on opposite sides of a fault; area of a
fault along which a slip has occurred

a flow with a characteristic bowl-like depression at the head
where the slope material becomes liquefied and flows out; the
flow is usually channelised on the slope and spreads out at the
toe; such flows generally occur in fine-grained materials or
clayey rocks under saturated conditions

the electrical resistance that a unit volume of a particular material
offers to the flow of current at 0°C; it is the reciprocal of conduc-
tivity and is measured in ohm metres

point on the earth’s surface that is directly above the focus of an
earthquake

for a rock slope, the ratio of the total force resisting sliding to the
total force tending to induce sliding

an abrupt movement of materials that become detached from
steep slopes or cliffs and drop down by free fall or a series of
leaps and bounds

a rupture or fracture of rock strata due to strain, in which dis-
placement is observable

the results of calculations of the type or nature of movement of
an earthquake

(fracture zone) an area in the vicinity of the fault where the rocks
are normally highly crushed or sheared
direction of motion of earliest seismic wave from an earthquake

a short-lived but rapid rise of water in a river due to heavy
rainfall or the collapse of a dam (natural or artificial)

a river often subject to flash floods
low lying, or lacks any curvature



focal mechanism
focus

geomorphological hazard

geomorphological map

geomorphological processes

geomorphological unit

geomorphology

geophone

glacial lake outburst flood
(GLOF)

hazard
highland-lowland interactions
inclination

insolation
island arc

landslide hazard

landslide hazard zonation

the direction of slip in an earthquake and the orientation of the
fault on which it occurs, represented by a ‘beach-ball’ diagram

the point source of an earthquake

a perceived event, natural or human-induced, which causes a
fluctuation or malfunction in the normal operation of a
geomorphological process sufficient to pose a threat to life and
property. Realisation of the hazard usually leads to an extreme
event (e.g., avalanche, earth-flow, landslide, flood) which may or
may not culminate in disaster

a map depicting selected terrain features which assists in
understanding the evolutionary history of the landforms of an
area

the physical and chemical interactions between the earth'’s
surface and the natural forces acting upon it to produce
landforms (gravity, ice, rivers, waves, wind and so on)

part of a landform, like a mountain range or plateau on a large
scale, or slope or stream bed on a small scale

the scientific study of the origin of landforms based on a cause-and-
effect relationship, especially the genesis, evolution, and processes
involved in the formation of the surface forms of the earth

a receiver or detector for seismic waves that converts ground
motion into electrical energy, the output of a geophone is further
filtered, amplified, and recorded on a seismograph. The record of
each geophone is called a trace and a group of traces makes a
seismogram (i.e., the record produced by a seismograph).

a debris torrent resulting from the sudden and catastrophic
release of water from a lake of glacial origin; such lakes are
usually impounded by glacial ice or a moraine

the probability that a particular danger occurs in a particular area
within a given period of time
the impact of upland activities and events on lowland areas

see ‘dip’

quantity of solar radiation per unit area falling on a surface

a lengthy chain of oceanic islands which frequently exhibit an
ocean trench on the convex side; many are volcanic and gener-
ally the location of severe seismic activity

a measure of the probability of a landslide occurring at a particu-
lar location within a particular time

a macro approach that categorises an area into various zones
from very stable to very unstable based on the hazard associated
with separate slope facets >



landslide risk

landslide

landslide-dam

lithology

macrobasin
mass wasting

mass movement

microbasin

microtopography

mid-oceanic ridge

Modified Mercalli Scale

Moho

mud flow

mud slide

nickpoint
nodal plane
normal fault

ocean trench

xii

refers to the probable extent of damage if a landslide occurs and
is a function of the hazard probability and the damage potential
commonly used to denote the downward and outward move-
ments of slope-forming materials along surfaces of separation by
falling, sliding, or flowing at a faster rate, a type of mass wasting;
sometimes used specifically to refer to ‘slides’ (see below)

a natural river dam formed by the rock, earth, debris, and or mud
transported by a landslide; easily formed in the steep, narrow
valleys of high rugged mountains, and can fail catastrophically,
causing major downstream flooding and loss of life

the study of rock characteristics (e.g., particle size, physical and
chemical character) and rock types

a complete river basin or a large part thereof

the general term for a variety of processes by which large masses
of earth materials are moved under gravity, either slowly or
quickly, from one place to another (see ‘mass movement”)
(gravitational mass movement) the downhill movement of surface
materials under the influence of gravity but assisted by buoy-
ancy due to rainfall or snow melt, see also landslide

the area drained by a stream or small river

surface features with dimensions from a few centimetres to one
metre (see topography)

a large scale linear elevation rising from the ocean floor approxi-
mately in the middle of the N and S Atlantic and the Indian
Oceans; it marks the boundary of adjoining plate margins

a subjective measure that describes the intensity of an earth-
quake shock felt at a particular place

(Mohorovicic discontinuity) boundary surface or sharp seismic
discontinuity that separates the earth’s crust from the
subadjacent mantle

a type of earth flow containing about 50% of sand, silt, and clay-
sized particles that are well saturated and flow rapidly

a landslide of essentially homogeneous clay-silt material, but
with a lower water content and without the velocity or linear
extent of a mud flow

see ‘break of slope’

fault plane along which rupture takes place

a dipping fault plane with the top dropping down; this arises
from extension when two blocks of rock diverge

(ocean deep or foredeep) a deep trench (>5,500m) of the ocean
floor, often associated with the subduction zone at the margins
of two tectonic plates



orogenic belt

orography

penstock
piping

precipitation threshold

ramp
rheology

Richter Scale

risk

river basin
rock material/rock matrix
rock or rock mass,

rupture zone

sediment load
seismic activity
seismograph

seismogram

shotcreting

a linear region that has undergone folding or other deformation
during an orogenic (geotectonic) cycle

the study of mountain systems and depiction (mapping) of their
relief; the terrestrial relief form of mountains

the water conduit from the intake to the turbines in a hydroelec-
tric plant

the presence of sloping tube-like features in rock, often marked
by seepage

the level of precipitation (rainfall duration and intensity) needed
to initiate a landslide, debris flow, or similar event; the threshold
is specific for a particular slope and hazard as it depends on a
large number of factors like slope angle, soil type, vegetation
cover, and soil saturation, not just on rainfall, however, generali-
sations can be made for different types of slope in different areas

steep inclined segment of a thrust fault or steep inclined plane
the branch of physics concerned with the flow and change of
shape of matter

a logarithmic scale used to express the magnitude of an earth-
quake

the probability that a potential hazard will be realised and the
probability of the harm itself; risk is the combined effect of the
probability of occurrence of an undesirable event and the
magnitude of the event

(drainage basin) the area drained by a river and all its tributaries,
usually large-scale (see watershed, catchment area)

the intact material in rock between discontinuities, for example, a
hard piece of rock taken froma drill core

the total in situ medium of rock including all discontinuities like
joints, fractures, faults, etc

overall geological area affected by an earthquake where the
stresses produced exceeded the ultimate strength of the rocks,
as shown by crushing and fracturing

the amount of material carried down by a river in suspension,
solution or as bed load

earthquake activity
instrument for detecting and recording earthquakes

the record produced by a seismograph illustrating the magni-
tude, frequency, and duration of seismic waves

a process of conveying mortar or concrete through a hose at
high velocity on to a surface, the material bonds tenaciously to a
properly prepared concrete surface and to a number of other
materials
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slickenside

slides

slope facet

slope morphometry
strike slip fault

strike

subduction zone

teleseismic phase data
thrust fault

topography
transcurrent fault

transform fault

water balance

watershed

Xiv

a polished and scratched planar surface at a fault plane produced by
friction between the oppasing sides of a fault, the surface only feels
smooth when rubbed in the same direction as the former movement

(sometimes ‘landslide’) mass movements with a distinct surface
of rupture separating the slide material from more stable underly-
ing material (slope failure); the downward sliding material is
usually relatively dry.

a part of a hill slope that has more or less homogeneous charac-
teristics showing consistent slope direction and inclination;
facets are mostly bounded by ridges, spurs, gullies, or rivers;
local within a facet may be called sub-facets.

the features of a slope including shape, angle, and aspect

a fault in which the movement is parallel to the fault strike, there
is no vertical motion (see also transform fault)

the angular direction with respect to north (compass bearing) of
the line of intersection of a bedding plane, fault plane (then
called fault strike), or other planar structural feature (e.g., discon-
tinuity plane) with a horizontal plane

the linear areas that represent the zones where crustal plates are
overridden by other plates and are forced down into the underly-
ing mantle along an oblique plane of thrusting; they mark plate
collision zones

data from a distant earthquake

a dipping fault plane with the top riding over the bottom,; arises
from compression, when two blocks of rocks converge (also
known as a reverse fault)

the surface features of the earth’s surface including the relief, the
terrain, and all the features in the landscape created by human
endeavour; i.e., the shape and form of the earth’s surface

a type of strike-slip fault

a special type of strike-slip fault forming the boundary between
two moving plates, usually along an offset segment of the
ocearnic ridge

in hydrology used to mean the input/output/storage relationship
of water in a given area (includes calculations of precipitation,
overland flow, throughflow, evapotranspiration, storage and
others)

formerly used to mean a divide, the water-heading from which
headstreams flow to different rivers; now generally used to mean
the area drained by a particular river or stream with all its tributaries
(the catchment area of a single drainage basin) — most commonly a
smallish river. Although river (drainage) basin and watershed are
more or less synonymous, river basin is usually used for the large
scale (regional), watershed for the small scale (local)
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