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ABSTRACT 
Landslide is one of the major natural hazards that are commonly experienced in hilly terrains all over the world. Landslides 
are affect at least 15 per cent of the land area of India—an area which exceeds 0.49 million km2. In India the incidence of 
landslides in Himalayas and other hill ranges is an annual and recurring phenomenon. There is a variation in the degree of 
landslide incidences in various hill ranges. Many researchers quantified the landslide hazard and risk in these areas, however 
there is no much studies landslide hazard mitigation planning, environmental and societal related issues. Also the recent 
numerous landslides/landslip in November 2009 taught a lesson and create need and urgency to address these issues. In this 
connection the existing landslide hazard scenario, the initiation made on landslide hazard mitigation in the district, the 
feasibility of cost effective technology for slope stabilization, environmental and societal issues need to be addressed for the 
Nilgiris district were studied and recommendation were given to over come these issues.There were several causal factors such 
as excavation of slope at its toe, vertical cutting, loading of the slope at crest, defective maintenance of surface drainage 
systems and extensive anthropogenic interference. The intense rainfall acted as a triggering factor. The results of tests on soil 
samples collected at the site indicated that the soil is of clayey sand and has low permeability. As there was no proper 
subsurface drainage system in place, pore water pressure played a major role in inducing slope instability. The need for 
detailed geotechnical investigations is emphasized. 
Keywords: Land Slides, Hazardous Zones, Using,  Remote Sensing, GIS 
1. INTRODUCTION 
1.1 General 
A landslide is a geological phenomenon, which includes a wide range of ground movement, such as rock falls, 
deep failure of slopes and shallow debris flows, which can occur in different landscape environments. Although 
the action of gravity is the primary driving force for a landslide to occur, there are other contributing factors 
affecting the original slope stability. Typically, pre-conditional factors build up specific subsurface condition, that 
make the area/slope to failure, whereas the actual landslide often requires a trigger before being released. 
Landslide susceptibility is defined as the proneness of the terrain to produce slope failures and susceptibility is 
usually expressed in a cartographic way. Landslide hazards are the most common disasters in mountainous area. Since 
Ethiopia is one of the highlands in East Africa it is affected by landslide in most of the regions. Most of the 
landslides occur during the rainy season (winter). Annually, mass movement occurs and causes  great  damage  
to  the  environment, including effects  on  people,  their  homes  and possessions, farms and livestock, and other 
infrastructures. Ooty, which is located in the Tamilnadu Region of Northern Ethiopia, is considered as the most 
dangerous highland area in the Tamilnadu Regional State since it has been subjected to repeated series of damages 
and loss of lives due to landslide. The main aim of this study is to recognize and map the landslide risk assessment in 
the area around Ooty to reduce the loss of life, property damage and social and economic disruptions from  slope 
movements. The goal of this study is to produce a landslide risk map at a scale of 1:50,000 that identify 
geographic areas where future land sliding is most likely to occur.  
1.2 Landslides 

Landslides, one of the major catastrophes, always cause a major problem by killing hundreds of people every year 
besides damaging the properties and blocking the communication links. Most of the terrains in mountainous areas have 
been subjected to slope failure under the influence of a variety of terrain factors, and triggered by events such as 
extreme rainfall or earthquake. The frequency and the magnitude of slope failures can increase due to the human 
activities, such as deforestation or urban expansion. The problem of landslides becomes more aggravated, especially 
during the rainy season; through the main causative factors for the instability are often geological and 
geomorphological in nature. The problem of the stability of slopes, both natural and excavated, has to be faced in many 
fields of human activity, particularly in civil engineering. When slope stability is disturbed, a great variety of sliding 
movements takes place. Rapid movements of sliding rocks, separated from the underlying stationary part of the slope by 
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a definite plane of separation, are designated as landslides in the strict sense. The sliding of slopes are not uncommonly 
caused by human activity, such as bad construction methods, etc. the great diversity of forms and the complexity of 
interrelationships, as well as practical relevance of landslides, can be recognized only by systematic and thorough 
study.  

Therefore landslide is a downward movement of a part of a slope, detritus or soil, along a sliding surface where shear 
failure occurs. They are a type of denudation caused by an interaction between external and internal earth forces and 
are closely related to climate. 

1.3 Causes Of Landslides 

In general, the factors which influence whether a landslide will occur typically include slope angle, climate, 
weathering, water content, vegetation, overloading, and geology and slope stability. How these factors are interrelated 
is important in understanding what causes landslides along with an understanding of the impact humans have on these 
factors by altering natural processes. Typically, a number of elements will contribute to a landslide, but often there is 
only one which triggers the movement of material.  

1.3.1 Natural causes include 

Elevation of pore water pressure by saturation of slope material from either intense or prolonged rainfall or 
seepage,Vibrations caused by earthquakes,Undercutting of cliffs and banks by waves or river erosion &Volcanic 
eruptions 
1.3.2 Human causes include 
  Removal of vegetation 
  Interference with, or changes to, natural drainage 
  Leaking pipes such as water and sewer reticulation 
  Modification of slopes by construction of roads, railways, buildings, etc. 

  Overloading slopes 

  Mining and quarrying activities 

  Vibrations from heavy traffic, blasting, etc; and 

  Excavation or displacement of rocks. 

1.4 Landslide Hazard Zonation 

Landslide hazard zonation (LHZ) refers to "the division of the land surface into homogenous areas or domains and 
their ranking according to degrees of actual/potential hazard caused by mass movement 

1.5 Need For The Study 
The aim of such study is to use a "working methodology" in which geo environmental parameters are statistically 
analyzed to develop a model to predict landslide prone areas using remotely sensed data products and geographic 
information system (GIS). Population pressures & increasing urbanization along with the local zoning laws have been 
forcing man from flat lying areas & flood plains onto the adjacent hill-slopes. The hill-slope as an environmental 
setting can help us to avoid the severe flooding but can be equally hazardous because of potentially unstable earth 
materials. Landslides are common phenomena in a tectonically fragmented and sensitive mountainous terrain like the 
Nilgiris. The high susceptibility to landslides of the study area is mainly due to complex geological setting with 
contemporary adjustments in slope and relief, rainfall and anthropogenic effects. Therefore recognition of landslide 
prone topography is becoming increasingly important in land use decisions. 
1.6 Objective 
Generally the main objective of this study is to conduct landslide risk or hazard assessment in and around Ooty. 
Specifically, the objectives of this research work are the following: 
1.  To analyze landslide susceptibility by applying GIS based weight-of-evidence model with validation of results 
2.  Vulnerability zone land slide mitigation strategies measures. 
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2.METHODOLOGY 

2.1. General  

Landslides are one of the most common natural hazards in the Nilgiris terrain, causing widespread damage to property 
and infrastructure, besides loss of human lives almost every year. Appropriate management measures taken at the right 
time will reduce the risk from potential landslides. In order to prioritize the area for hazard-mitigation efforts, it is 
beneficial to have a Landslide Hazard Zonation (LHZ) map prepared depicting the ranking of the area based on actual 
and/or potential threat of slides in future. LHZ mapping is being carried out using qualitative or quantitative 
approaches. Statistical methods are based on the mathematical relationship between the observed landslides and their 
controlling factors. Such methods reduce the subjectivity and ensure better reproducibility of the hazard zonation 
processes and their outputs.  

2.2. Description 

For the land slide hazard analysis, the main steps were data collection and construction of a spatial database from 
which the relevant factors were extracted, followed by assessment of the landslide hazard using the relationship 
between landslide and landslide-related factors with validation of the results. A key assumption of this approach is that 
the potential (occurrence) possibility of landslides will be comparable with the actual frequency of landslides. Landslide 
occurrence areas were detected in the study area by interpretation of aerial photographs. Maps of recent landslides were 
developed from 1:50000 scale aerial photographs and this were used to evaluate the frequency and distribution of 
landslides in the area.  

2.3 Data Used 

2.3.1 Remote Sensing Data 

Aerial photographs, NRSA 348, Strip no: 33A, Photos No: 2 4.3.2 CONVENTIONAL DATA, Soil data  Annual 
Rainfall data and  Previous landslide locations data 

2.3.2 Software Used 

Arc SDM (An Extension), Photomod 3.8, Arcview 3.2,  ArcGIS 9.2, MapInfo 7.8 and surfer 8 

Figure.2.1 and Figure.2.2 shows the Toposheet and Satelite map 

     

Figure 2.1 Toposheet        

 
Figure.2.2 Satellite map A-Ootacamund, B-Doddabeta, C-Kotagiri D-Naduvattam 
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3.ABOUT STUDY AREA 

The study Mettupalayam – Udhagamandalam road sector of length 47 kilometers has taken as the study area to identify 
the landslide prone areas. The Survey of India (SOI) Toposheets numbered 58 E/12 were used to preparation of base 
map at a scale of 1: 50000. The road was buffered to 10km on either side using Arc GIS software. The area 
encompasses a total of 982 square kilometer and bounded between 76° 43’ 30’’ and 76°54’ E longitudes and 11° 19’ 
30’’ and 11° 30’ N latitudes. The elevation ranges between 280 m and 2620 m above MSL.  The location of the study 
area is shown in Figur.3.1. 
  

    
Figure 3.1 Study area map            Figure.3.2 The geology (lithology) of the study area 

3.1 Geology 
Nilgiris district is located in the plateau region. Structurally, the Nilgiris plateau belongs to continental block of 
peninsular India and the mountain ranges comprises of archean metamorphic rocks like Charnochite, Biotite gneiss, 
Magnetic quartzite, Hornblend granite along with some intrusive bodies like pegmatite, dolerite and quratz veins. 
Laterites are found in large quantities in the district.(Figure.3.2) 
3.2 Vegetation 
Vegetation is important for the conservation of soils. In the study area, the distribution of vegetation is more or 
less bushes and shrubs. These kinds of vegetation cover most of the steep mountains and ridges. In the settlement 
areas, Eucalyptus trees are present. Most of the plain area is covered by the agricultural land. The vegetation map of 
the study area is shown in the Figure.3.3. The abbreviations in the legend are explained here below. “BCG” is the 
land cover which coexist bush, cultivated land and grass land together. “BEG” is the land cover which coexist bush, 
exposed land and grass land together. “C” is the land cover of cultivated land. And the last one is “CG” which stand 
for land cover of which coexist cultivated land and  grass  land  together.  In  general  the  study area  is  mainly 
covered  by the  cultivated agricultural land 

        
Figure 3.3 Vegetation map of the study area               Figure.3.4: Drainage pattern of the study area 

3.3. Drainage Pattern Of The Study Area 
 Water flow has identified and marked with tracing sheet  
 Through drainage we have identified the slope and sliding area for future 

The drainage is northerly in the northern and western portions occupied by sigur and Mukurti Rivers and krothahalla. 
In the southern portion drainage is mainly by bhavani river which flow south wards. In the eastern portion, kateri  river 
flows eastwards into the bhavani river. Drainage pattern is the network of stream channels and tributaries as 
determined by local geologic factors. Drainage patterns or nets are classified on the basis of their form and 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org 

Volume 4, Issue 5, May 2015              ISSN 2319 - 4847 
 

Volume 4, Issue 5, May 2015                                                                                                Page 215 

texture. Their shape or pattern develops in response to the local topography and subsurface geology. Drainage 
channels develop where surface runoff is enhanced and earth materials provide the least resistance to erosion. 
(F i gur e . 3 . 4 )  
  
 

      
Figure.3.5: Two dimensional terrain feature of the study area.      

       

 
Figure.3.6: Three Dimensional Topographic Feature  Of The Study Area 

 
3.4 Terrain Feature 
The landscape of the study area is associated with wide ranges of landforms which includes plateau, steep hill slopes 
and deeply incised valley and gorges. The elevation ranges between 280 m and 2620 m above MSL. The terrain feature 
of the study area is presented in two dimensions (Figure.3.6) and three dimensions (Figure.3.6). 

4. SLOPE STABILITY ANALYSIS 
4. 1 General 
The stability of slope is generally viewed in relative terms.  A slope will not remain unchanged forever. However, 
from an engineering point of view, a slope is said to be stable, if it has a prescribed need for fixed period of time with 
a suitable or acceptable safety factor. It is apparent, therefore, that in analysis of slopes, stability is not totally 
descriptive term. Perhaps, a more appropriate term would be functional stability, which necessary relates to a 
specified need and specified governing criteria. If we pour some clean dry sand from a small height, the resulting 
heap will be in form of a cone. The angle of inclination between the sides of the cone and the horizontal 
surface is called the angle of repose. This angle is approximately equal to the angle of internal friction when the 
soil is in loose condition. Slope stability is determined by the strength and cohesiveness of the slope materials, 
the internal friction between grains, and any external support of the slope. 
4.2 Factors Affecting Slope Stability 
The stability of any slope made of soil material depends on the shear strength of the soil. The shear strength is a 
function of friction and cohesion of the soil. In soil mechanics, slope stability is dealt with two engineering 
viewpoints. 
1.  The design of slops of cuts and fills in advance of new earth construction 
2.  The study of stability of existing slopes of earthworks or natural slopes. 
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4.3 Influence Of Groundwater 
The hydrologic systems in hill slopes are seldom simple and that they seldom exist in the steady state. Hydrologic 
response of a hill slope to rainfall involves a complex transient saturated - unsaturated interaction that usually 
leads to a water table rise, although one that may be very difficult to predict. The amount and the duration of the 
rise and the time lag between the rainfall event and the resulting rise may vary widely depending on hill slope 
configuration, the rainfall duration and the intensity, the initial moisture conditions and the saturated   and   
unsaturated properties of   the   hill   slope   materials   
4.4 Influence Of Vegetation On Slope   Stability 
Vegetation, both directly and indirectly, influences a variety of processes that lead to increase reinforcement and 
strength of soils.  Under  certain  circumstances,  vegetation  can  also adversely influence soil stability. Soil 
compaction affects interactions of water within the soil as well as the growth rate and rooting characteristics of 
vegetation. These, along with the increased tensile strength from the root systems and the armouring effect of plant 
components against erosion, are the primary influence of vegetation on soil stability. Growing plants constantly 
remove water from the soil, increasing the matric suction and thus, compacting the soil. 
4.5 Methods Of Analyzing Slope Stability 
The safety factor concept is introduced to quantify the degree of stability of a simple soil mass. In this method, 
the potential failure modes, identified by the kinematics analysis, are further analyzed by introducing various loads 
like gravity, water forces, surcharge and other external forces. Safety factor for the most likely or critical failure mode 
such as plane, wedge or toppling is computed by limit equilibrium method. Sensitivity analysis for the influence of 
various parameters like friction angle, dip direction and dip of cut slope face, anchoring provisions and others 
can be carried out.The final result of this analysis is a single safety factor. The various methods used for the 
analysis of the slope stability depend on the site condition, condition of the topography, homogeneity and non 
homogeneity of the soil and the assumptions made for the analysis. Various methods namely infinite slopes, 
circular arc analysis and the vertical slices are most widely used in the slope stability analysis. But here in this study we 
considered the infinite slope methods. 
 
4.8 GIS For Slope Stability Analysis 

• Slope is a very important parameter in any landslide vulnerability mapping.  
• If the slope is higher then there is a chance of occurrence of landslide. Slope map has been created from the 

toposheets.  
• The slope map for the study area was categorized into four classes based on its slope angle as gentle slope, 

moderate slope, steep slope and very steep slope  

5. MATERIALS AND METHODS 
5.1 General 
In this chapter, data collection, data adoption, inventory landslide mapping and applied methodology were 
discussed. The data were collected mainly from SRTM image, topo sheet, and geological maps of the study area,  
aerial  photographs and  FAO.  These data were processed with Arc view 3.2, Arc GIS 9.2, MapInfo 7.8 and Surfer 8. 
 
5.2 Landslide Inventory Mapping 
The most straightforward initial approach to any study of landslide hazard is the compilation of a landslide inventory, 
and such inventories are the basis of most susceptibility mapping techniques. Moreover, a landslide inventory map is 
also the basic information for evaluating and reducing landslide hazards or risk on a regional scale . Therefore, it 
requires a lot of time and effort. Landslides are a common phenomenon in this area. Especially during the rainy 
season, landslides occur frequently, when the rainfall is concentrated in a short time. On the other hand, rains that last 
for longer periods can also cause landslides in the study area. 
 
5.3 Interpretation Of Aerial Photographs 
Major geological and geomorphologic features were interpreted on aerial photographs with the scale 1:50,000 
(Ethiopian Mapping Authority, 1994) and on topographical maps with the scale 1:50,000 (Ethiopian Mapping 
Authority, 1996). And ground controlling points were taken from the study area with the help of digital camera. 
The aerial photograph numbers which used to interpret the geomorphologic landscape and the available old and 
active landslide in the study area were ETH94:R2/26 +0789, +0790, +0791, ETH94:R2/27 +0826, +0827,  +0828,  
+0829,  +0830,  and  ETH94:R3/28  +0864,  +0865,  +0866,  +0867.  
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5.3.1 Landslide Name Latitude Longitude 
Old land slide image shown in Figure.5.1 and Locations of landslide lobes shown in Figure 5.2 
 

 
Figure 5.1: Old land slide image                                Figure.5.2: Location of landslide lobes 

 
5.4 Landslide Slopes In The Study Area 
These lobes are mainly distributed in the north east, southwest, southeast and central part of the study area. The 
sources for the lobes were the weathered material of the trap basalt. They are displayed on the digital elevation model 
of the study area to observe the source area for these lobes. As it was mentioned above, it was drawn with the 
software of MapInfo 7.8 and their area was calculated with the ArcGIS 9.2. The area and perimeter for each 
landslide lobes are shown in Table 5. During the interpretation in the aerial photograph, we tried to indentify the types 
of mass movement and the types of the material affected in the mass movement. 
From the inventory landslide map (Figure.5.3 and Table 5.1) most of the landslides are associated with the 
weathered materials of Tertiary trap basalts and some from the limestone and sandstone cliffs. The photographs 
which were taken from the digital camera shows , there are a lot of rock fall on the cliffs of the limestone and the 
sandstone and in some part on the columnar basalts. The landslide which occurred in the weathered materials of trap 
basalts is mainly flow type mass movements. But in some part there are debris flows. The erosion belts and 
drainage area for these landslides . The location of the erosional belts and drainage area are located on the map. 
 
                                Table 5.1: Inventory Of Landslide Types And Their Characteristics 
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Figure.5.3: Location of landslide lobes 

 
 

       
Figure.5.4: Digital Elevation Model of the study area                      Figure.5.4: Soil map of the study area 

  
5.5 Preparation Of Dem And Raster Map 
Digital Elevation Model was prepared from SRTM with the help of Arcview 3.2. The cell size was assumed as 90 
m in order to get a more detailed view of the study area. Elevations of the study area range from 1667 m to 2826 m 
above sea level. This grid map has 225 rows and 271  columns, covering  the  area  between  510,008  m  E  to  
534,348  m  E  longitude  and 1,499,617 m N to 1,519,767 m N latitude (Figure 14). The slope map of the study 
area was derived from the Digital Elevation Model. The slope of the area ranges from 0o to 51.47o and its mean slope 
is 10.05o. The digital elevation model shown in Figure.5.3 and soil map is shown in Figure.5.4.Soil types and 
its physical properties given in Table 5.1 and Susceptible zone of study area  shown in Figure 5.5. 
 

Table.5.1: Soil types and its physical properties 
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Figure 5.5: Susceptible zone of study area 

6. RESULTS AND RECOMMENDATION 
6.1 General 
The final landslide vulnerability map was prepared from various thematic maps like Drainage Buffered Zone map, 
Slope map, and Geology map by applying weighted overlay analysis in GIS environment shown in Fig.16. Thus the 
landslide vulnerability map indicates the whole study area has been divided into 3 zones and the weights. Slope 
stability is calculated for the pixels on a map using information combined from several input  maps  such  as  slope  
map,  soil  map,  soil  depth  and  depth  to  the  groundwater. Calculations for each individual pixel will result in 
values of safety factor, which can be used to create hazard maps for different conditions. In this research, every map 
was prepared in grid form and every pixels of the map was analyzed by the input maps. Factor of safety was 
calculated for three different steady state scenarios; completely dry condition, half saturated condition and fully 
saturated condition.  
6.2 Calculation Based On Different Conditions 
A. Influence of Drainage on Landslides  
The under-cutting action of the river may induce instability of slopes. Hence, some of the detailed drainages were 
digitized to include the effect of this causative factor and buffered. The drainage with 50 m buffered map of the study 
area is predominantly Dendritic pattern characterized by rapids, cascades and waterfalls. In this pattern, the junctions 
between streams become more acute in angle. Generally, the dendritic pattern indicates lack of structural pattern and 
relatively uniform bedrock. The drainage is northerly in the northern and western portions occupied by sigur and 
Mukurti Rivers and KrothaHalla. In the southern portion drainage is mainly by Bhavani River which flow south wards.  
B. Influence Of Slope & Aspect On Landslides  
Slope is a very important parameter in any landslide vulnerability mapping. If the slope is higher then there is a chance 
of occurrence of landslide. Slope map has been created from the toposheets. The slope map for the study area was 
categorized into four classes based on its slope angle as gentle slope, moderate slope, steep slope and very steep slope 
and is shown in Fig.4. The area covered by each categories of slope along with its influence on landslide susceptibility. 
C. Influence Of Geology On Landslide  
Geology map is prepared from the geological survey of India mineral map on a scale 1:50,000. Mostly cover by 
Charnockite and unclassified gneiss. Some granitic rocks also present in the study area. Chamockite group of rocks 
contain Black hypersthenes is accessory 1 mineral it play an important role the triggering the landslide 
Hypersthenesare created dentritic drainage pattern along with lineaments and bedrocks.  
6.3 Remedies For Land Slide In Ooty 
 Improving surface and sub surface drainage 
 Excavating the head 
 Pile inserting 
 Removal and replacement 
 Preserving vegetation 
 Heavy duty fence 
 Concrete walls 
 Retaining wall 
 Soil nailing 

6.4 Constructing Piles And Retaining Walls: 
Piles are metal beams that are either driven into the soil or placed in drill holes. Properly placed piles should extend 
into a competent rock layer below the landslide. Wooden beams and telephone poles are not recommended for use as 
piles because they lack strength and can rot. Because landslides can ooze through the gaps between the piles, retaining 
walls are often constructed. Retaining walls can be constructed by adding lagging (metal, concrete, or wooden beams) 
horizontally between the piles. Such walls can be further strengthened by adding tiebacks and buttressing beams. 
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Tiebacks are long rods that attach to the piles and to a competent rock layer below the ground surface. Buttressing 
beams are placed at an angle downslope of the piles to prevent the piles from toppling or tilting. Retaining walls also 
are constructed of concrete, cinder blocks, rock, railroad ties, or logs, but these may not be strong enough to resist 
landslide movement and could topple. 
6.5 Retaining Walls As A Landslide Solution 
Retaining walls are structures designed to restrain the soil. They are normally used in areas with steep slopes or where 
the landscape needs to be shaped severely for construction or engineering projects.  However retaining walls have been 
found to be a very efficient solution against landslides. There are various ways of constructing a retaining wall, the 
most common types being: 

 Gravity walls: they manage to resist pressure from behind due to their own mass 
 Piling walls: made of steel they are usually used in tight spaces with soft soil having 2/3 of the wall beneath the 

ground 
 Cantilever walls: they have a large structural footing and convert horizontal pressure from behind the wall into 

vertical pressure on the ground below 
 Anchored walls: they use cables or other stays anchored in the rock or soil behind to increase resistance 

The type of wall that will be used depends on the circumstances of every case. Soil type, slope angle, ground water 
characteristics and other specifics will be considered before deciding on the proper solution. 

6.6 SLOPE STABILITY - RETAINING WALLS 
Retaining walls are an ancient method of ground engineering, with design and structural concepts that remain valuable 
today. Retaining Walls are structures built for the purpose of neutralizing the effects of unstable slopes holding back 
rock or soil from buildings, roads or structures. Retaining walls avoid erosion and downslope movement providing 
support for near-vertical or vertical grade changes. Retaining walls can be made of several materials including wood, 
natural stone, reinforced cinder block, and concrete block systems. A key consideration when designing and installing 
retaining walls is gravity. Gravity creates lateral earth pressure behind the wall making the angle of internal friction, 
the cohesive strength of the retained material and the direction and magnitude of movement fundamental criteria to be 
studied. 
6.7 Soil Nailing 
In this regard, an alternative method of upgrading loose fill slopes using the technique of soil nailing was developed in 
the early 2000s by a working group of the Hong Kong Institution of Engineers.It entails the installation of soil nails 
through the fill materials with the provision of a surface grillage connecting the soil nails head. The existing trees can 
be preserved during the construction process. The soil nails are embedded in competent subsurface stratum to ensure 
sufficient anchorage against pull-out. Because of the construction advantages offered through the use of soil nailing, the 
method is now commonly used for upgrading fill slopes. Soil nailing, which comprises high yield steel reinforcing bars 
installed into the ground by means of drilling and grouting, was introduced in Hong Kong in the mid-1980s. The 
process of soil nailing is not very susceptible to weather conditions and there is flexibility to position the soil nails to 
avoid existing trees. The technique is simple and versatile compared with other structural solutions, rendering it 
adaptable to the physical constraints commonly encountered in slope sites.  

           

Figure.6.1 Soil nailing construction                          Figure.6.2 Soil nail modeling 
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In addition, because soil nails are usually installed at close spacing, they can reduce the vulnerability of the slope to 
undetected weak geological zones and unfavorable relict joints by binding the soil together to form an integral mass. 
That means the design of soil-nailed cut slopes is less sensitive to adverse ground conditions. Following documentation 
of the design approach and the construction practice, soil nailing has been accepted as a robust and economical 
engineering solution for improving the stability of soil cut slopes in Hong Kong. In order to improve the soil nailing 
technology and rationalize the design standards, a series of studies were conducted by the GEO in the early 2000s. This 
involved literature review, field tests, laboratory investigations, physical modelling, numerical modelling and analytical 
study. The findings from these soil nails studies have led to the publication of a guide on soil nail design and 
construction. It enhances the technical know-how of local engineers in the technique. Figure.6.1 shows Soil Nailing 
Construction and Figure.6.2 shows Soil Nail Modeling 

8 CONCLUSION 
The obtained information value weight age for the class are summed up to produce the output map representing the 
spatial distribution of the landslide vulnerability zone. From this study it is interpreted that the distribution of 
landslides is highly governed by a combination of geoenvironmental conditions. The GIS-based methodology for 
integration above parameters dataset seems to be quite suitable for developing a landslide vulnerability zonation map. 
This research would be a basis of landslide vulnerability and hazard assessment This analysis was based on available 
data in hand. However, data are lacking details for example the detail soil thickness and soil types of the study area, the 
detail vegetation coverage of the site, which are necessary for accurate landslide risk assessment in the study area. 
Therefore, it is recommended to carry out a soil nailing and retaining wall construction in the land slide area.  
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