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Abstract - Landslide is a common natural hazard that 

usually occurs in mountainous areas. Rapid urban 

development and high traffic intensity movements have 

been hampered to a great extent by phenomenon of 

landslides. In ghat road section, vertical cuttings and steep 

slopes are induced slope failures. An assessment of 

landslide hazards is therefore a prerequisite for 

sustainable development of the hilly region. This review 

paper discussed about four approaches for landslide such 

as hazard zonation approach, GIS (Geographic 

Information System) based approach, rock slope stability 

approach, soil slope stability approach and slope software 

approach by various researchers in and around the world. 
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I. INTRODUCTION 

1.1 General 

Landslide is an important geo-environmental hazard, 

which poses major threat to human settlements, 

communication links like roads and rail routes as well as civil 

structures like dams, buildings and other structures. The word 

„landslide‟ represents only a particular type of movement that 

is slide. However, it is generally used as a term to cover all 

types of land movements including falls, creeps, spreads, 

flows and other complex movements. A correct term to 

represent all these movements may be „mass movement‟ or 

„mass wastage‟. However, the term „landslide‟ has been 

commonly accepted worldwide as a synonym of „mass 

wastage‟. 

A Landslide is a downward and outward movement of 

slope forming materials, composed of rock, soil, artificial fills 

(dumping) or a combination of all these along the surface of 

separation by falling, sliding and flowing under a fast or slow 

rate, under the action of gravitational force and where the 

triggering factor may be natural or anthropogenic activities. 

II. REVIEW OF LITERATURE 

2.1 General 

Initially landslide studies have been carried out using 

various techniques such as hazard zonation approach of BIS, 

GIS approach, ANN approach, fuzzy approach, probabilistic 

approach and AHP approach. Later a comparative study was 

carried out on regional scale. In this context, a concise review 

of the literature on landslide study is presented and therefore 

the list of references is by no means exhaustive. 

2.1.1 Hazard Zonation approach 

Anbalagan (1992) suggested a new quantitative approach 

based on major causative factors for slope instability on 

regional scale (1:50,000). A case study of landslide hazard 

zonation in the Himalaya, adopting a landslide hazard 

evaluation factor (LHEF) rating scheme and total estimated 

hazard (TEHD) was presented by him. Gupta et al. (1993) 

prepared landslide hazard zonation in the upper Satlej valley, 

Kinnaur District, Himachal Pradesh. Gupta and Anbalagan 

(1995) prepared landslide hazard zonation mapping of Tehri 

Pratapnagar area, Garhwal Himalaya. Ajay K Naithani et al. 

(2007) used landslide hazard evaluation factor scheme for 

preparing a landslide hazard zonation mapping in a part of 

Garhwal Himalaya, Uttaranchal, India. Anbalagan et al. 

(2008) prepared landslide hazard zonation map on meso-scale 

in Nanital area based on the value of landslide hazard 

evaluation factor scheme and total estimated hazard following 

Bureau of Indian Standard code. Sharma (2008) generated 

macro level landslide hazard zonation in Environs of Bairasul 

Dam Project, Chamba District, Himachal Pradesh using BIS 

method. Devala Devi and Kushwaha (2010) used BIS code 

method for preparing landslide hazard zonation along NH-39 

from Kangpokpi to Mao, Manipur India. Saranathan et al. 

(2010) generated landslide macro hazard zonation of Yercaud 

hill slopes between km 10/4 to 29/6 using BIS code method. 

Kishore Kumar et al. (2012) used BIS method for preparing 

Macro-Hazard evaluation and validation of landslides in a part 

of North Western Garhwal Lesser Himalaya, India. Zubair et 

al. (2012) prepared landslide hazard zonation in Rudraprayag 

District, Garhwal Himalaya using landslide hazard evaluation 

factor scheme. Many landslide hazard zonation mapping in 

different terrains have been published (Anbalagan, 1993; 

1996; Gupta et al. 1999; Anbalagan and Singh, 1996; 2006; 

Anbalagan et al. 2007; Saranathan et al. 2012). 
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2.1.2 GIS approach 

In recent times, the Geographical Information System 

(GIS) has been effectively used to interpret remote sensing 

data in the studies of geology and landslide. In case of 

landslide hazard zonation different thematic layers pertaining 

to individual causative factors responsible for landslide 

incidences are prepared on regional scale (1:25,000/1:50,000). 

Gupta and Joshi, (1990) developed a technique for risk 

assessment of landslide hazards using GIS approach. This 

method was applied to the Ramganga catchment, located in 

the Lower Himalaya and the investigations were based on 

multi-data sets. Mantovani et al. (1996) prepared landslide 

hazard zonation in Europe, acquired from remote sensing 

techniques. Odajima et al. (1998) carried out studies related to 

landslide hazards in Cianjur, West Java, Indonesia, based on 

GIS and Remote sensing analysis. Rowbotham and Dudycha 

(1998) applied GIS modeling of slope stability in Phewa Tal 

watershed, Nepal. Nagarajan et al. (1998) used temporal 

remote sensing data and GIS application in landslide hazard 

zonation of part of Western Ghat, India. Carrara et al. (1999) 

used the GIS technology in the prediction and monitoring 

landslide hazard.  Gupta et al. (1999) prepared landslide 

hazard zonation in a part of the Bhagirathi Valley, Garhwal 

Himalaya, using integrated remote sensing and GIS. Husein et 

al. (2000) prepared landslide hazard mapping in Jordan using 

remote sensing and GIS method. Roy (2001) prepared hazard 

mapping and prognostic Himalayan landslide modeling in 

India using GIS. Gritzner et al. (2001) assessed landslide 

hazard potential using GIS in Payette River, Idaho. Saha et al. 

(2002) prepared a GIS based landslide hazard zonation in a 

part of Himalaya. Dai and Lee (2002) used GIS tool for 

preparing modeling of landslide characteristics and slope 

instability in Lantau Island, Hong kong. He et al. (2003) 

prepared GIS based hazard mapping and zonation of debris 

flows in Xiaojiang Basin, Southwestern China. Lan et al. 

(2004) prepared a landslide hazard spatial analysis and 

prediction using GIS in the Xiaojiang watershed, Yunnan, 

China. Nichol and Wong (2005) carried out a detailed 

landslide inventory using change detection and image fusion 

analysis in satellite remote sensing. Many methods and 

techniques were proposed to evaluate landslide prone area 

using GIS and/or remote sensing (Rengers et al. 1992; 

Coppock, 1995; Miller, 1995; Dhakal et al. 1999; Gupta et al. 

1999; Hickey, 2000; Van Westen 2000; Dai et al. 2001; Sarkar 

and Kanungo 2004; Van Westen 2004). 

GIS based approaches for LHZ suffer from the subjective 

weight rating system where weights are assigned to different 

causative factors responsible for triggering a landslide. 

Alternatively, artificial neural network (ANN) may be applied. 

They are considered to be independent of any strict 

assumptions or bias, and they determine the weights 

objectively in an iterative fashion. Lee et al. (2003) used 

artificial neural network for preparing landslide susceptibility 

analysis at Boun, Korea. Arora et al. (2004) applied an 

artificial neural network for generating a LHZ map of an area 

in the Bhagirathi Valley in Garhwal Himalaya, using spatial 

data prepared from IRS-1B satellite sensor data and maps 

from other sources. Gomez and Kavzoglu (2005) assessed 

landslide susceptibility using artificial neural networks in 

Jabonosa River basin, Venezulea. Choobhasti et al. (2009) 

generated prediction of slope stability for case study using 

artificial neural network in Nobad, Mazandaren, Iran. Many of 

the other investigation have applied artificial neural network 

methods (Moody and katz, 2003; Lee et al. 2003a; 2004a; 

Ermini et al. 2005; Lee and Evangelista, 2006; Pradhan and 

Lee, 2007; Lee et al. 2007; Pradhan and lee, 2009). 

Ercanoglu and Gokceoglu (2002) estimated landslide 

susceptibility using fuzzy approach in North Yenice, NW 

Turky and they pointed out some important factors in this 

regard. Chi et al. (2002) used fuzzy logic integration for 

preparing landslide hazard mapping in Boeun, Korea. 

Ercanoglu and Gokceoglu (2004) prepared a landslide 

susceptibility map in a landslide prone area at West black sea 

Region, Turkey, obtained from fuzzy relations. Tangestani 

(2004) used the fuzzy gamma approach for generating 

landslide susceptibility map in Kakan Catchment area, 

Southwest Iran. Pradhan et al. (2009) prepared landslide 

hazard mapping in Malaysia, obtained from use of geospatial 

data for the development of fuzzy algebraic operators. Pradhan 

(2010a) prepared landslide susceptibility maps in three test 

areas in Malaysia, acquiring from GIS based fuzzy logic 

approach. Many of the researchers produced landslide 

susceptibility mapping by fuzzy approach (Juang et al. 1992; 

Elias and Bandis, 2000; Gorsevski et al. 2003; Lee 2007a; 

2007b; Pradhan 2010b). 

Probabilistic approaches are based on the observed 

relationships between each factor and the distribution of 

landslides. Probabilistic method is a simple probabilistic 

model with an acceptable accuracy applied for the deduced 

thematic layers. Larsen and Torres-Sanchez (1998) prepared a 

frequency and distribution of recent landslides in montane 

tropical regions of Puerto, Rico. Lee et al. (2004) evaluated 

the effect of spatial resolution on the accuracy of landslide 

susceptibility mapping using the probabilistic frequency ratio 

model in a case study in Boun, Korea. Lee et al. (2004a) 

prepared probabilistic landslide hazard mapping using GIS 

and remote sensing data in Boun, Korea. Lee and Dan (2005) 

developed probabilistic landslide susceptibility mapping in the 

Lai chau province of Vietnam. Lee and Pradhan (2006) 

prepared probabilistic landslide hazards and risk mapping at 

Penang Island, Malaysia. Lee and Pradhan (2007) prepared 

landslide hazard mapping at Selangor, Malaysia using 
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frequency ratio and logic regression model. Avinash and 

Ashamanjari (2010) used GIS and frequency ratio based 

method for preparing landslide susceptibility mapping in 

Aghnashini River catchment, Uttar Kannada, India. 

Shabazadeh Karim et al. (2011) used frequency ratio method 

for landslide case studies at Deyalaman Region. Intarawichian 

and Dasananda (2011) prepared a landslide susceptibility map 

in Lower Mae Chaem watershed, Northern Thailand, obtained 

from Frequency ratio model. Similar probabilistic techniques 

were used in many studies (Chung and Fabbri, 1999; Randall 

et al. 2000; Luzi et al. 2000; Refice and Capolongo, 2002; 

Zhou et al. 2003; Watts, 2004; Zezere et al. 2004; Lee and 

Talib, 2005; Guzzetti et al. 2005; Pourghasem, 2007) 

Frequency ratio can be evaluated by the ratio of the area where 

landslides occurred to the total study areas for a given factor‟s 

attribute. Landslide vulnerability map was validated using R-

Index (Baeza and Corominas 2001; Ramani Sujatha and 

Victor Rajamanickam 2011). 

The analytical hierarchy process (AHP) was developed at 

the Wharton school of business by Thomas Saaty in the late 

1970s . It is a decision aiding tool for dealing with complex, 

unstructured and multi-criteria decisions. Barredo et al. (2000) 

compared heuristic landslide hazard assessment techniques 

using GIS in Tirajana basin, Gran Canaria Island, Spain. 

Ayalew et al. (2004) applied GIS based weighted linear 

combination and produced landslide susceptibility mapping in 

Tsugawa area of Agano River, Japan. Yalcin (2007) prepared 

GIS-based landslide susceptibility mapping using analytical 

hierarchy process and bivariate statistics in Ardesen, Turkey. 

Analytical hierarchy process application for landslide 

susceptibility can be found in many other studies (Chung and 

Leclerc, 1994; Bantayan and Bishop, 1998; Satty, 1994; 

Komac, 2006; Yang et al. 2006; Akgun and Bulut, 2007). 

For landslide susceptibility mapping, Lee and Evangelista 

applied, verified and compared a probability model, a 

frequency ratio and statistical model, a logistic regression to 

Baguio city, Philippines, using a Geographic Information 

System (GIS). Van westen et al. (2003) evaluated the accuracy 

of landslide susceptibility maps, found out from 

geomorphology knowledge and with the bivariate weights of 

evidence method, by calculating a confusion matrix. Suzen 

and Doyuran (2004a) applied three separate landslide 

susceptibility zonation maps and then compared using three 

approaches viz. landslide density analysis, success rate 

analysis and agreed area analysis.  

Suzen and Doyuran (2004b) used Seed Cell Area Indexes 

and comparison of the landslide susceptibility maps of the 

Asarsuyu catchment, Turkey acquired from multivariate 

logical regression and bivariate landslide susceptibility 

method. Yesilncar and Topal (2005) compared landslide 

susceptibility maps of Hendek region, Tukey, obtained from 

logistic regression and artificial neural network methods. 

Kanungo et al. (2006) prepared landslide susceptibility 

mapping using from a conventional, ANN black box, fuzzy 

and combined and compared with neural and fuzzy weighting 

procedures in Darjeeling Himalaya. Lee and Sambath (2006) 

compared landslide susceptibility mapping in Damrei Romel 

area, Combodia, obtained from frequency ratio and logistic 

regression models. Gupta et al. (2008) compared landslide 

susceptibility zonation maps of Darjeeling, India got from 

conventional, artificial neural network black box and fuzzy 

weighting procedures, using three different approaches i.e. 

landslide density analysis, error matrix analysis and difference 

image analysis. Poudyal et al. (2010) compared landslide 

susceptibility maps at a case study from the Nepal, obtained 

from frequency ratio and artificial neural networks. Many 

other researchers carried out comparative studies of different 

methods. (Lee, 2004; Kanungo et al. 2005; Lee and Pradhan, 

2007; Lee et al. 2007; Nefeslioglu et al. 2008; Pradhan and 

Lee, 2010a; 2010b; Pradhan and Pirasteh, 2010; Pradhan et al. 

2010; Pradhan and Buchroithner, 2010). 

2.1.3 Rock slope stability approach 

Rock slope stability approaches were developed a century 

ago. The first empirical method was proposed by Ritter 

(1879). Since then many researchers had developed analytical 

and empirical techniques and utilize according to terrain 

conditions. The studies are generally site specific in nature on 

detailed scale (1:1000 to 2000). The Table 1 summarizes some 

of the techniques being used by workers frequently. In 1973 

Bieniawski introduced a new system of geomechanical 

classification called Rock Mass Rating (RMR) also known as 

CSIR (Council for Scientific and Industrial Research) 

classification system. He initially introduced eight parameters. 

Later in 1976, Bieniawski has modified his rating and reduced 

the parameters to five in addition to changing rating values. 

From RMR values, the cohesion and friction angle of rock 

mass can also be deduced. Significant revision in ratings was 

made over the years with revisions in 1979, 1984 and 1989. 

Selby (1980) suggested rock mass strength classification in 

geomorphic process and applied the classification in 

Antarctica and Newzeland.  

The slope mass rating (SMR) index, proposed by 

Romana (1985) is a very useful method for studying rock 

slope stability and calculated by determining four correction 

factors to the basic RMR (Bieniawski, 1989). Robertson 

(1988) had given estimates of cohesion and friction angle 

values for various values of Slope Mass Rating. He also 

provided shear strength correlations based on the back 

analysis of failed slopes in weak rock masses. Rock Mass 

Rating for mining purposes was developed by Laubscher in 
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1990. It is mainly based slope angles versus MRMR 

independent of slope height. Haines and Terbrugge (1991) 

modified mining rock mass rating based on presenting slope 

curves. Chinese slope mass rating (CSMR), provided by Chen, 

1995, was based on the slope mass rating and thus had similar 

problems. CSMR recognized the influence of slope height. 

Unal (1996) developed the modified rock mass rating M-RMR 

based on the rock mass rating method with supplementary 

features for improved characterization of weak, stratified, 

anisotropic and clay bearing rock masses.  

Hack (1998) suggested some modification the slope 

stability probability classification method and SSPC method 

of Lindsay et al. (2001) and Hock et al. (2003). Sen and 

Sadagah (2003) reclassified rock mass classification system by 

continuous rating method. Thomas et al. (2007) applied the 

continuous rating functions in slope mass rating method. 

Chakraborty et al. (2008) applied modified slope mass rating 

techniques for road cut slope along 28 km long Uttarkashi-

Bhatwari road, Uttaranchal Himalaya. Alternative rock mass 

classification system was proposed by Pantelidus (2010), a 

system for the quantification of the failure hazard of rock 

cuttings structured in the form of rating tables. Rock cuttings 

were classified according to their failure hazard taking into 

account both their drained condition and the influence that 

climatic conditions on the stability; the latter being the most 

common landslide-triggering factor. Among all 

geomechanical classification listed above said SMR is 

universally used and it is derived from the basic RMR 

(Bieniawski, 1989).   

Markland, 1972 introduced the Markland test, a method 

of kinematic analysis to evaluate the possibility of plane or 

wedge failure. A refinement to Markland‟s test was discussed 

by Hacking (1976). Hoek and Bray (1981) explained that 

kinematic analysis is a method used to investigate the possible 

chances of modes of rock slope failures. Romana (1985) 

developed slope mass rating to underground rock mass 

failures with wedge and planar failures. The failure pattern can 

be assessed using stereographic projection of field data related 

to geological discontinuities and slope. Kliche‟s kinematic 

analysis (1999) is purely a geometric examination indicating 

modes of slope failure in a jointed rock mass. Numerous 

studies were carried out to understand failure modes by 

kinematic analysis (Goodman, 1976; Cruden, 1978; Lucas, 

1980; Matherson, 1988; Panet, 1969; Yoon et al. 2002; Kentil 

et al. 2004). 

 

 

 

 

Table 1: Rock Mass Classification Methods 

 

2.1.4 Soil slope stability approach 

Many researchers has been developed various 

methodologies for soil slope stability for different field 

conditions. The soil slope stability studies are generally site 

specific in nature on detailed scale (1:1000 to 1:2000). Some 

of these methods are listed in Table 2. Fellenius (1936) 

established what is called Swedish method for a circular slip 

surface analysis. The advantage of this method lies in its 

simplicity in calculating the factor of safety. Bishop (1955) 

introduced a new relationships taking into consideration base 

normal force. The equation for the factor of safety thus 

became non-linear. It is a very popular approach being 

followed by many investigators even today for detailed slope 

stability analysis. Janbu (1954) produced a simplified method 

for non-circular failure surfaces, dividing a potential sliding 

mass into several vertical slices. Sokolovski (1960) suggested 

that the method of characteristics can either be an upper or 

lower bound solution in plasticity theory, which can be used to 

locate the critical slip surface. Many researchers (Kopacsy, 

1961; Dorfman, 1965, 1970; Garber, 1973a, 1973b; Chen and 

Snitbhan, 1975; Biernatowski, 1976; Ramamurthy et al. 1977) 

applied variational calculus method to directly compute the 

shape and location of the critical slip surface. Morgenstern-

Price (1965) applied a direction of the resultant interslice 

forces, which is defined using an arbitrary function. Spencer 

(1967) introduced resultant interslice forces of constant slope 

throughout the sliding mass and his method mainly 

concentrated on circular slip surfaces and further study 

developed to non circular slip surface. Coates (1970) 
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developed slope stability analysis of talus materials under 

static condition in terms of factor of safety. Wright et al. 

(1973) applied two-dimensional finite element method to 

compare the normal forces at the base of a slice to normal 

forces computed from limit equilibrium analysis. Hovland 

(1977) performed a three dimensional analysis for soil with 

cohesion and friction, based on the same assumptions as in the 

Fellenius‟s ordinary method. Janbu (1980) applied an 

evaluation of factor of safety for simple slopes composed of 

soils with both cohesion and friction components of strength. 

Chugh (1982) produced similar to Spencer‟s method but a 

constant acceleration force acts on each slice. Wilson and 

Fredlund (1983) carried out a detailed study on interslice force 

functions computed from finite element analysis. The Limit 

equilibrium was applied by Chugh (1986) as an extension of 

the Spencer and Morgenstern & Price methods, satisfying both 

moment and force equilibrium conditions (Abramson et al. 

2002; Krahn, 2004). Sarma (1979; 1981) performed 

assumptions in limit equilibrium analysis that the shear 

strength is assumed to be mobilized on the sides of all slices 

and the inclination of slice interfaces is varied to produce a 

critical condition. Hoek and Bray (1981) introduced the 

circular failure chart method. This is mainly based on slope 

geometry and different groundwater conditions to compute 

factor of safety. Many other researchers carried out and 

utilized various approaches for calculation of FOS (Lowe and 

Karafiath, 1960; Kopacsy, 1961; Anon, 1970; Narayan et al. 

1976; Baker and Garber, 1977; Castillo and Revilla, 1977; 

Maksimovic, 1979; Luceno and Castillo, 1980; Azzouz el al. 

1981; Fan, 1983; Ranjan and Rao, 2002; Chakraborthy et al. 

2008, etc.).  

Table 2: Soil slope stability methods 

 

2.1.5 Slope Software Approach 

Many softwares were developed for slope stability 

analysis since 1970. One of the famous softwares in this 

context is SLOPE/W (2002) developed by GEO-SLOPE 

international Canada. It calculates slope stability computing 

FOS for both soil and rock materials. RockPack III software 

containing relevant programs to analysis rock slopes 

controlled by discontinuities present in the rock masses. The 

RocScience (1999) also developed softwares for analysis of 

slopes characterized by soil and rock. The important software 

products in this company are: DipAnalyst, Slide, Phase2, 

Swedge, Dips, RocFall, RocPlane, RocData, RocTopple, 

Examine 3D, RocSupport and Unwedge. These softwares are 

used for different field conditions and for different 

applications. The other softwares SEEP/W and PLAXIS use 

finite element code for soil and rock analyses (PLAXIS, 

2004).  

III. CONCLUSIONS 

Landslide is a common natural hazard that usually occurs 

in mountainous areas. Rapid urban development and high 

traffic intensity movements have been hampered to a great 

extent by phenomenon of landslides. In ghat road section, 

vertical cuttings and steep slopes are induced slope failures. 

An assessment of landslide hazards is therefore a prerequisite 

for sustainable development of the hilly region. This review 

paper discussed about four approaches for landslide such as 

hazard zonation approach, GIS (Geographic Information 

System) based approach, rock slope stability approach, soil 

slope stability approach and slope software approach by 

various researchers in and around the world. 

REFERENCES 

[1] Brunsden D, Prior DB. Slope instability. John Wiley 

and sons Ltd, New York 1984. 

[2] Carrara A, Guzzetti F, Cardinali M, Reichenbach P. 

Use of GIS technology in the prediction and 

monitoring of landslide hazard. Natural Hazards 1999; 

20: 117 – 135. 

[3] Castillo E, Revilla J. The calculus of variations and the 

stability of slopes. Proceedings of Ninth International 

Conference on Soil Mechanics and Foundation 

Engineering: Tokyo 1977; 2: 25-30. 

[4] Chakraborty D, Anbalagan R, Kohli A. An engineering 

geological appraisal of slope stability condition at 

D.S.B. College site on Ayarpata hills in Nainital, 

Uttarakhand. Landslide Management – Present 

Scenario & Future Directions: CBRI Roorkee 2008: 

157-166. 

[5] Chen WF, Snitbhan N. On Slip Surface and Slope 

Stability Analysis. Soils and Foundations Japan 1975; 

15(3):  41-49. 



International Research Journal of Innovations in Engineering and Technology (IRJIET) 

ISSN (online): 2581-3048 

Volume 7, Issue 8, pp 14-25, August-2023 

https://doi.org/10.47001/IRJIET/2023.708003  

© 2023-2017 IRJIET All Rights Reserved                     www.irjiet.com                                          19                                                                    
 

[6] Chen Z. Recent developments in slope stability 

analysis: In: Fujii T. (Ed.) key note lecture. Proc 8th Int 

Congress Rock Mechanics 1995; 3: 1041-1048. 

[7] Chi KH, Park NW, Chung CJ. Fuzzy logic integration 

for landslide hazard mapping using spatial data from 

Boeun, Korea. Proceedings of Symposium on 

Geospatial Theory: Processing and Applications: 

Ottawa 2002. 

[8] Choobbasti AJ, Farrokhazad F, Barrari A. Prediction of 

slope stability using ANN (case study Noabad, 

Mazandaren, Iran). Arabian Journal of Geosciences 

2009; DOI: 10.1007/s2517-009-0035-3. 

[9] Chowdhury RN. Slope Analysis Developments in 

Geotechnical Engineering. Elsevier Scientific 

Publishing Co., New york 1978; 22. 

[10] Chugh Ak. Slope Stability Analysis for Earthquakes. 

International Journal for Numerical and Analytical 

Methods in Geomechanics 1982; 6: 307-322.  

[11] Chugh AK. Variable Interslice Force Inclination in 

Slope Stability Analysis. Soils and Foundation 

Japanese Society of SMFE 1986; 26(1): 115-21. 

[12] Chung CJ, Fabbri AG. Probabilistic prediction models 

for landslide hazard mapping. Photogrammetric 

Engineering & Remote Sensing 1999; 65(12):1389- 

1399. 

[13] Chung CF, Leclerc Y. A quantitative technique for 

zoning landslide hazard. International Association for 

Mathematical Geology Annual conference Mont 

Tremblant Quebac: 1994; 87-93. 

[14] Coates DF. Rock Mechanical Principle. Department of 

Energy, Mines & Resources: monograph 874, Canada: 

Chapter 6: 1970. 

[15] Coppock TJ, GIS and natural hazards: An overview 

from a GIS perspective. In Carrara A and Guzzetti F 

(ed.): Geographical information systems in assessing 

natural hazards: Kluwer Academic Publishers, The 

Netherlands 1995; 21-34. 

[16] Cruden DM. Discussion of G.Hocking‟s paper A 

method for distinguishing between single and double 

plane sliding of tetrahedral wedges. Int. J. Rock Mech. 

Mini. Sci. Geomech. Abstr. 1978; 15: 217. 

[17] Dai FC, Lee CF. Landslide characteristics and slope 

instability modeling using GIS, Lantau Island, Hong 

kong. Geomorphology 2002; 42: 213-228. 

[18] Dai FC, Lee CF, Li  J, Xu ZW. Assessment of landslide 

susceptibility on the natural terrain of Lantau Island, 

Hong Kong. Environmental Geology 2001; 40: 381-

391. 

[19] Deere DU. Technical description of rock cores for 

engineering purposes. Rock Mechanics of Engineering 

Geology 1963; 1(1): 17-22. 

[20] Devala Devi, T.H., and Kushwaha, R.A.S. 2010. 

Landslide Hazard Zonation along NH – 39 from 

Kangpokpi to Mao, Manipur, India. International 

Journal of Economy Envrionmental Geology, Vol.2, 

No.1, pp.30-35. 

[21] Dhakal AS, Amada T, Aniya M. Landslide hazard 

mapping and the application of GIS in the Kulekhani 

watershed, Nepal. Mountain Research and 

Development 1999; 19(1): 3–16. 

[22] Dorfman AG. Variational method of Investigating the 

stability of slopes. Vop Geotekkhiki, Transp. Moscow 

1965; 9. 

[23] Dorfman AG. Algorithms for Calcualtion Stability of 

Slopes by variational methods. Vop Geotekkhiki, 

Transp. Moscow 1970; 17. 

[24] Elias PB, Bandis SC. Neurofuzzy systems in landslide 

hazard assessment. Proceedings of 4th International 

Symposium on Spatial Accuracy Assessment in 

Natural Resources and Environmental Science 2000; 

199-202. 

[25] Ercanoglu M, Gokceoglu C. Assessment of landslide 

susceptibility for a landslide prone area (north of 

Yenice, NW Turkye) by fuzzy approach. 

Environmental Geology 2002; 41: 720-730. 

[26] Ercanoglu M, Gokceoglu C. Use of fuzzy relations to 

produce landslide susceptibility map of a landslide 

prone area (West Black Sea Region, Turkey). 

Engineering Geology 2004; 75(3-4): 229-250. 

[27] Ermini L, Catani F, Casagli N. Artificial neural 

networks applied to landslide susceptibility assessment. 

Geomorphology 2005; 66(1-4): 327-343. 

[28] Fan K. Evaluation of Interslice side Forces for Lateral 

Earth Force and Slope Stability Problems, M.Sc., 

Thesis, University of Saskatelewn, Saskatoon, Canada 

1983. 

[29] Fellunius W. Calculations of the Stability of Earth 

Dams. Proceedings of the Second Congress of Large 

Dams Washington DC 1936; 4: 445-63. 

[30] Garber M. Variational method for Investigating the 

stability of slopes, Soil Mechanics and Foundation 

Engineering. New York 1973a; 10(1): 77-79. 

[31] Garber M. Variational problem of Slope Stability, 

Applied Mathematics Prog USSR Kschinev 1973b; 1. 

[32] Gomez H, Kavzoglu T. Assessment of shallow 

landslide susceptibility using artificial neural networks 

in Jabonosa River Basin, Venezuela. Engineering 

Geology 2005; 78(1-2): 11-27. 

[33] Goodman RE. Methods of Geological Engineering in 

Discontinuities Rocks: West publishing, San Francisco 

1976. 

[34] Gorsevski PV, Gessler PE, Jankowski P. Integrating a 

fuzzy k_means classification and a Bayesian approach 



International Research Journal of Innovations in Engineering and Technology (IRJIET) 

ISSN (online): 2581-3048 

Volume 7, Issue 8, pp 14-25, August-2023 

https://doi.org/10.47001/IRJIET/2023.708003  

© 2023-2017 IRJIET All Rights Reserved                     www.irjiet.com                                          20                                                                    
 

for spatial prediction of landslide hazard. Journal of 

Geographical Systems 2003; 5: 223-251. 

[35] Gritzner ML, Marcus WA, Aspinall R, Custer SG. 

Assessing landslide potential using GIS, soil wetness 

modeling and topographic attributes, Payette River, 

Idaho. Geomorphology 2001;37(1–2): 149–165. 

[36] Gupta RP, Joshi BC. Landslide Hazard Zonation using 

the GIS approach – A case study from the Ramganga 

Catchment, Himalayas. Engineering Geology 1990; 28: 

119–131. 

[37] Gupta V, Sah MP, Virdi NS, Bartarya SK. Landslide 

Hazard Zonation in the Upper Satlej Valley, District 

Kinnaur, Himachal Pradesh. Journal of Himalayan 

Geology 1993; 4: 81–93. 

[38] Gupta P, Anbalagan R. Landslide Hazard Zonation 

Mapping of Tehri- Pratapnagar area, Garhwal 

Himalayas. Journal of Rock Mechanics and Tunnel 

Technology India 1995; 1(1): 41-58. 

[39] Gupta RP, Saha AK, Arora MK, Kumar A. Landslide 

hazard zonation in a part of the Bhagirathi Valley, 

Garhwal Himalayas, using integrated remote sensing – 

GIS. Himalayan Geology 1999; 20: 71–85. 

[40] Gupta RP, Kanungo DP, Arora MK, Sarkar S. 

Approaches for comparative evaluation of raster GIS-

based landslide susceptibility zonation map, 

International Journal of Applied Earth Observation and 

Geo information 2008; 10: 330-341. 

[41] Guzzetti F, Reichenbach P, Cardinali M, Galli M, 

Ardizzone F. Probabilistic landslide hazard assessment 

at the basin scale. Geomorphology 2005; 72: 272– 299. 

[42] Hack HR. Slope Stability Probability Classification, 

ITC Delf publication: ITC Enschede, Netherlands 

1998; 273. 

[43] Hacking G. A method for distinguishing between 

single and double plane sliding of tetrahedral wedges. 

Int J Rock Mech Mini Sci Geomech Abstr 1976; 13: 

225-226. 

[44] Haines A, Terbrugge PJ. Preliminary estimation of rock 

slope stability using rock mass classification system. 

In: Wittke, W. (Ed.), Proceeding 7th congress on Rock 

Mechanics, ISRM, Rotterdam 1991; 887-892. 

[45] He YP, Xie H, Cui P. GIS-based hazard mapping and 

zonation of debris flows in Xiaojiang Basin, 

Southwestern China. Environ Geol 2003; 45: 286–293. 

[46] Hickey R. Slope angle and slope length solutions for 

GIS. Cartography 2000; 29(1): 1-8. 

[47] Hock R, Price D, Rengers NA. A new approach to rock 

slope stability – a probability classification (SSPC). 

Bulletin of Engineering Geology and the Environment 

2003; 62: 167-184. 

[48] Hoek E,  Bray JW. Rock slope Engineering, Published 

by E & FN Spon, and imprint of Chapman & Hall, 

London, UK 1981; 357. 

[49] Hoek E, Kaiser PK, Bawden WF. Support of 

underground excavations in hard rock, Rotterdam 

Balkema 1995. 

[50] Hovland HJ. Three-dimensional Slope Stability 

Analysis method, Journal of the Geotechnical 

Engineering Division, ASCE 1977; 103(GT9): 971-

986. 

[51] Husein AI, Saleh B, Al-Sheriadeh MS, Hamza MS. 

Mapping of landslide hazard zones in Jordan using 

remote sensing and GIS. Journal of Urban Planning and 

Development ASCE 2000; 126(1): 1–17. 

[52] Intarawichian N, Dasananda S. Frequency ratio model 

based landslide susceptibility mapping in lower Mae 

Chaem watershed. Northern Thailand Environmental 

Earth Sciences 2011; 1-15. (Article in press) 

[53] Janbu N. Application of Composite Slip Surface for 

Stability Analysis. European Conference on Stability of 

Earth Slopes, Stockholm 1954. 

[54] Janbu N. Critical Evaluation of the Approaches to 

Stability Analysis of Landslides and Other Mass 

Movements. Proceedings of International Symposium 

on Landslides, Delhi 1980; 2: 109-128. 

[55] Juang CH, Lee DH, Sheu C. Mapping slope failure 

potential using fuzzy sets. Journal of Geotechnical 

Engineering ASCE 1992; 118(3): 475-494. 

[56] Kanungo DP, Arora MK, Sarkar S, Gupta, RP. A 

comparative study of conventional, ANN black box, 

fuzzy and combined neural and fuzzy weighting 

procedures for landslide susceptibility zonation in 

Darjeeling Himalayas. Engineering Geology 2006; 85: 

347-366. 

[57] Kanungo DP, Arora MK, Gupta RP, Sarkar S. GIS-

based landslide hazard zonation using neuro-fuzzy 

weighting. Proc 2nd Ind Int Conf on Artificial 

intellignce (IICAI-05) Pune 2005; 1222 – 1237. 

[58] Kentil B, Topal T. Evaluation of rock excavatability 

and slope stability along a segment of motorway 

Pozarti Turkey. Envrionmental Geology 2004; .46: 83-

95. 

[59] Kishore Kumar, Rahul Devrani, Anil Kathaiti, Neha 

Aggarwal. Micro-Hazard Evaluation and validation of 

landslide in a part of North Western Garhwal Lesser 

Himalaya, India. International Journal of Geomatics 

and Geosciences 2012; 2(3): 878-891. 

[60] Kliche CA. Rock slope stability SME, Littleton, CO. 

1999. 

[61] Komac M. A landslide susceptibility model using the 

analytical hierarchy process method and multivariate 



International Research Journal of Innovations in Engineering and Technology (IRJIET) 

ISSN (online): 2581-3048 

Volume 7, Issue 8, pp 14-25, August-2023 

https://doi.org/10.47001/IRJIET/2023.708003  

© 2023-2017 IRJIET All Rights Reserved                     www.irjiet.com                                          21                                                                    
 

statistics in perialpine Slovenia. Geomorphology 2006; 

74(1-4): 17-28. 

[62] Kopacsy J. Distribution descontraintes a la rupture, 

forme de la surface de glissement et hauteur theorique 

des talus, Proceedings of the Fifth International 

Conference on Soil Mechanics and Foundation 

Engineering 1961; II: 641-650. 

[63] Krahn, J. Stability Modelling with SLOPE/W. An 

Engineering Methodology, Published by GeoSlope 

International 2004. 

[64] Lan HX, Zhou CH, Wang LJ. Landslide hazard spatial 

analysis and prediction using GIS in the Xiaojiang 

watershed, Yunnan, China. Engineering Geology 2004; 

76: 109 – 128. 

[65] Lauffer H. Gebirgsklassifizierung fur den stollenba. 

Geol Banwesn 1958; 24(1): 46-51. 

[66] Larsen M, Torres-Sanchez A. The frequency and 

distribution of recent landslides in three montane 

tropical regions of Puerto Rico. Geomorphology 1998; 

24: 309-331. 

[67] Laubscher GH. Geomechanics classification of jointed 

rock masses – mining applications. Transactions of the 

Institution of Mining and Metallurgy Section A, 

Mining Industry London 1977; 86: 1-8. 

[68] Laubscher DH.  A geomechanical classification system 

for the rating of rock mass in mine design. Journal of 

the South African Institute of Mining and Metallurgy 

1990; 90: 257–273. 

[69] Lee S. Comparison of landslide susceptibility maps 

generated through multiple logistic regression for three 

test areas in Korea. Earth Surface Processes and 

Landforms 2007a; 32: 2133-2148. 

[70] Lee S. Application and verification of fuzzy algebraic 

operators to landslide susceptibility mapping. 

Environmental Geology 2007b; 52: 615-623. 

[71] Lee S, Dan NT. Probabilistic landslide susceptibility 

mapping in the Lai Chau province of Vietnam: focus 

on the relationship between tectonic fractures and 

landslides, Environmental Geology 2005; 48: 778–787. 

[72] Lee S, Evangelista DG. Earthquake induced landslide 

susceptibility mapping using an artificial neural 

network. Natural Hazards & Earth System Sciences 

2006; 6: 687-695. 

[73] Lee S, Pradhan B. Probabilistic landslide hazards and 

risk mapping on Penang Island, Malaysia. Earth system 

science 2006; 115(6): 661–672. 

[74] Lee S, Pradhan B. Landslide hazard mapping at 

Selangor, Malaysia frequency ratio and logistic 

regression models. Landslides 2007; 4: 33-41. 

[75] Lee S, Sambath T. Landslide susceptibility mapping in 

the Damrei Romel area, Cambodia using frequency 

ratio and logistic regression models. Environmental 

Geology 2006; 50: 847–855. 

[76] Lee S, Talib JA. Probabilistic landslide susceptibility 

and factor effect analysis. Environmental Geology 

2005; 47: 982-990. 

[77] Lee S, Ryu JH, Lee MJ, Won JS. Use of an artificial 

neural network for analysis of the susceptibility to 

landslide at Boun, Korea. Environemental Geology 

2003; 44: 820-833. 

[78] Lee S, Ryu JH, Min K, Won JS. Landslide 

susceptibility analysis using GIS and artificial neural 

network. Earth Surface Processes & Landforms 2003a; 

27: 1361-1376. 

[79] Lee S, Choi J, Min K. Probabilistic landslide hazard 

mapping using GIS and remote sensing data at Boun, 

Korea. International Journal of Remote Sensing 2004a; 

125(11): 2037–2052. 

[80] Lee S, Ryu JH, Kim IS. Landslide susceptibility 

analysis and its verification using likelihood ratio, 

logistic regression, and artificial neural network 

models: case study of Youngin, Korea. Landslides 

2007; 4(4): 327-338. 

[81] Lee S. Application of likelihood ratio and logistic 

regression models to landslide susceptibility mapping 

using GIS. Environmental Management 2004; 34(2): 

223- 232. 

[82] Lin Y. An introduction of the chinese standard for 

engineering classification of rock masses (GB50218-

94). Advances in Rock Mechanics World Scientific 

Publishing 1998:317-327. 

[83] Linday P, Campbell RN, Fergusson DA, et al. Slope 

stability probabilistic classification, Waikato coal 

measures, Newzeland. International Journal of Coal 

Geology 2001; 45:127-145. 

[84] Lowe J, Karafiath RV. Stability of Earth Dam upon 

Drawdown. Proceedings of the of the first Pan 

American Conference on Soil Mechanics and 

Foundation Engineering Maxico City 1960; 537-542. 

[85] Lucas JM. A general stereographic method for 

determining possible mode of failure of any tetrahedral 

rock wedge. Int. J. Rock Mech Mini Sci Geomech. 

Abstr 1980; 17: 57-61. 

[86] Luceno A, Castillo E. Evaluation of Variational 

Methods in Slope Analysis. Proceedings of 

International Symposium on Landslides Delhi 1980; 1: 

255-258. 

[87] Luzi L, Pergalani F, Terlien MTJ. Slope vulnerability 

to earthquakes at subregional scale, using probabilistic 

techniques and geographic information systems. 

Engineering Geology 2000; 58: 313–336. 

[88] Makshimovic M. Limit Equilibirium for Non-linear 

Failiure Envelope and Arbitray Slip Surfaces. Third 



International Research Journal of Innovations in Engineering and Technology (IRJIET) 

ISSN (online): 2581-3048 

Volume 7, Issue 8, pp 14-25, August-2023 

https://doi.org/10.47001/IRJIET/2023.708003  

© 2023-2017 IRJIET All Rights Reserved                     www.irjiet.com                                          22                                                                    
 

International Conference on Numerical methods in 

Geomechanics Aachen 1979; 99: 769-777. 

[89] Mantovani F, Soeters R, Van westen CJ. Remote 

Sensing Techniques for Landslides and Hazard 

Zonation in Europe. Geomorphology 1996; 15: 213-

225. 

[90] Markland JT. A useful technique for estimating the 

stability of rock slopes when the rigid wedge sliding 

type of failure is expected. Imp Coll Rock Mech. Res 

Rep 1972; 19:10. 

[91] Matherson GD. The collection and use of field 

discontinuity data in rock slope design. Q. J. Eng. Geol. 

1988; 22: 19-30. 

[92] Mc Roberts E. Discussion Proceedings thaw Canadian 

Northern Pipeline Research Conference, Ottawa, 

Canada. National Research Council Technical memo 

1972; 104: 291-295. 

[93] Miller DJ. Coupling GIS with physical models to 

assess deep-seated landslide hazards. Environmental 

and Engineering Geoscience 1995; 1(3): 263-276. 

[94] Moody A, Katz DB. Artificial intelligence in the study 

of mountain landscapes. In Bishop MP, Shorder JF 

(Editors), Geographic Information Science and 

Mountain Geomorphology Springer Berlin 2003; 219–

249. 

[95] Morgenstern NR, Price VE. The Analysis of the 

Stability of General Slip Surfaces. Geotechnique 1965; 

15(1): 77-93. 

[96] Nagarajan R, Mukherjee A, Roy A, Khire MV. 

Temporal remote Sensing Data and GIS Application in 

Landslide Hazard Zonation of part of Western Ghat, 

India. International Journal of Remote Sensing 1998; 

19(4): 573-585. 

[97] Narayan CGP, Bhatkar VP, Ramamurthy T. Slope 

Stability Analysis by variational Technique, Indian 

Geotechnical Journal 1976; 6(2): 67-90. 

[98] Nefeslioglu HA, Gokceoglu C, Sonmez, H. An 

assessment on the use of logistic regression and 

artificial neural networks with different sampling 

strategies for the preparation of landslide susceptibility 

maps. Engineering Geology 2008; 97: 171-171. 

[99] New Mark N. Effectts of Earthquake on dams and 

Embankments. Geotechnique 1965; 15(2): 139-160. 

[100] Nicholson DT, Hencher SR. Assessing the potential for 

deterioration of engineered rock slopes. In Proceeding 

of the IAEG symposium Atghens 1997: 911-917. 

[101] Nichol JE, Wong MS. Satellite remote sensing for 

detailed landslide inventories using change detection 

and image fusion. International Journal of Remote 

Sensing 2005; 26: 1913– 1926. 

[102] Odajima T, Tsuchida S, Yamaguchi Y, et al. GIS and 

remote sensing based analysis of landslide hazards in 

Cianjur, West Java, Indonesia". In Proceedings of 

International Symposium on Application of Remote 

Sensing and Geographic Information System to 

Disaster Reduction (ITIT International Symposium) 

Japan: Institute for Transfer of Industrial Technology, 

3-4 March 1998; 185–190. 

[103] Panet M. Discussion on Graphical stability analysis of 

slopes in jointed rock By K.W. John. J Soil Mech 

Found Div Proc ASSE 1969; 95(SM2): 65-686. 

[104] Pantelidis L. An alternative rock mass classification 

system for rock slopes. Bulletin of Engineering 

Geology and the Environment 2010; 69: 29-39. 

[105] Poudyal CP, Chang C, Oh HJ, Lee S. Landslide 

susceptibility maps comparing frequency ratio and 

artificial neural networks: A case study from the Nepal 

Himalaya. Environmental Earth Sciences 2010; 61(5): 

1049-1064. 

[106] Pourghasem H. Landslide hazard zoning statistical 

Frequency ratio method in the basin Safarood, MSc 

thesis, Tarbiat Modarres University, Noor 2007; 1386. 

[107] Pradhan B, Buchroithner MF. Comparison and 

validation of landslide susceptibility maps using an 

artificial neural network model for three test areas in 

Malaysia. Environmental & Engineering Geoscience 

2010; 16(2): 107-126. 

[108] Pradhan B, Lee S. Utilization of optical remote sensing 

data and GIS tools for regional landslide hazard 

analysis by using an artificial neural network model. 

Earth Science Frontier 2007; 14(6): 143-152. 

[109] Pradhan B, Lee S. Landslide risk analysis using 

artificial neural network model focusing on different 

training sites. International Journal of Physical Science 

2009; 3(11): 1-15. 

[110] Pradhan B, Lee S. Delineation of landslide hazard areas 

using frequency ratio, logistic regression and artificial 

neural network model at Penang Island, Malaysia. 

Environmental Earth Sciences 2010a; 60: 1037 – 1054. 

[111] Pradhan B, Lee S. Landslide susceptibility assessment 

and factor effect analysis: back propagation artificial 

neural networks and their comparison with frequency 

ratio and bivariate logistic regression modeling. 

Environmental Modelling & Software 2010b; 25: 747-

759. 

[112] Pradhan B, Pirasteh S. Comparison between prediction 

capabilities of neural network and fuzzy logic 

techniques for landslide susceptibility mapping. 

Disaster Advances 2010; 3(3): 26-34. 

[113] Pradhan B, Lee S, Buchroithner MF. Use of geospatial 

data for the development of fuzzy algebraic operators 

to landslide hazard mapping: a case study in Malaysia. 

Applied Geomatics 2009; 1: 3–15. 



International Research Journal of Innovations in Engineering and Technology (IRJIET) 

ISSN (online): 2581-3048 

Volume 7, Issue 8, pp 14-25, August-2023 

https://doi.org/10.47001/IRJIET/2023.708003  

© 2023-2017 IRJIET All Rights Reserved                     www.irjiet.com                                          23                                                                    
 

[114] Pradhan B, Sezer E, Gokceoglu C, Buchroithner MF. 

Landslide susceptibility mapping by neuro-fuzzy 

approach in a landslide prone area (Cameron Highland, 

Malaysia). IEEE Transactions on Geoscience & 

Remote Sensing 2010; 48(10): 

doi:10.1109/TGRS.2010.2050328. 

[115] Pradhan B. Use of GIS-based fuzzy logic relations and 

its cross application to produce landslide susceptibility 

maps in three test areas in Malaysia. Environmental 

Earth Sciences 2010a; DOI 10.1007/s12665- 010-0705-

1. 

[116] Ramamurthy T, Narayan CGP, Bhatkar VP. Variational 

method for Slope Stability Analysis. Proceedings of 

Ninth International Conference on Soil Mechanics and 

Foundation Engineering Tokyo 1977; 1: 139-142. 

[117] Ramani Sujatha E, Victor Rajamanickam. Landslide 

susceptibility mapping of Tevankarai Ar sub-

watershed, Kodaikkanal taluk, India, using weighted 

similar choice fuzzy model, Natural Hazards. Journal 

of the International Society for the Prevention and 

Mitigation of Natural Hazards 2011; DOI: 

10.1007/s11069-011-9763-2. 

[118] Randall WJ, Edwin LH, John AM. A method for 

producing digital probabilistic seismic landslide hazard 

maps. Engineering Geology 2000; 58: 271-289. 

[119] Ranjan G, Rao ASR. Basic and applied Soil 

Mechanics, New Age International (P) Limited, 

Publishers, New Delhi 2002. 

[120] Refice A, Capolongo D. Probabilistic modeling of 

uncertainties in earthquakeinduced landslide hazard 

assessment, Computers & Geosciences 2002; 28: 735–

749. 

[121] Rengers N, Soeters R, Westen CV. Remote sensing and 

GIS applied to mountain hazard mapping. Episodes 

1992; 15(1): 36-46. 

[122] Ritter W. Die Statikder Tunnelgewo¨lbe. Berlin: 

Springer; 1879. 

[123] Robertson AM. Estimating weak rock strength. In: 

Sastry, K.V.S. (Ed.), Proceedings of the SME Annual 

meeting. Society of Mining Engineering, Phoenix 

1988; 1-5. 

[124] Romana M. New adjustment ratings for application of 

Bieniawski classification to slopes. Proceedings of the 

International Symposium on the Role of Rock 

Mechanics in Excavations for Mining and Civil Works. 

International Society of Rock Mechanics, Zacatecas 

1985; 195; 49–53. 

[125] Rowbotham DN, Dudycha D. GIS modellingof slope 

stability in Phewa Tal watershed, Nepal. 

Geomorphology 1998; 26(1–3): 151–170. 

[126] Roy A. Hazard mapping in India: Using GIS for 

prognostic Himalayan landslide modelling. GIM 

International 2001; 15: 29–33. 

[127] Saha AK, Gupta RP, Arora MK. GIS-based Landslide 

Hazard Zonation in the Bhgirathi (Ganga) valley, 

Himalayas, International Journal of Remote Sensing 

2002; 38(2): 357-369. 

[128] Saranathan E, Kannan M, Victor Rajamanickam G. 

Assessment of landslide hazard zonation mapping in 

Kodaikanal, Tamil Nadu, India. Disaster Advamces 

2012; 5(4), 42-50. 

[129] Saranathan E, Rajesh Kumar V, Kannan M, 

Anbazhagan R. Landslide Macro Hazard Zonation of 

the Yercaud Hill Slopes Ghats Section – km 10/4 to 

29/6. Indian Landslides 2010; 3(1): 9-16. 

[130] Sarkar S, Kanungo DP. An integrated approach for 

landslide susceptibility mapping using remote sensing 

and GIS. Photogrammetric Engineering & Remote 

Sensing 2004; 70(5): 617-625. 

[131] Sarma SK. Stability Analysis of Embankment and 

Slopes. Geotechnique 1973; 23(3): pp.423-33. 

[132] Sarma SK. Stability Analysis of Embankments and 

Slopes, Americal Society of Civil Engineering. Journal 

of the Geotechnical Engineering Division 1979; 

105(GT5): 1511-1524. 

[133] Sarma SK. Stability Analysis of Embankments and 

Slopes, Americal Society of Civil Engineering. Journal 

of the Geotechnical Engineering Division 1981; 

107(GT5): 697-698. 

[134] Satty. How to make a decision: the Analytic Hierarchy 

Process Interfaces 1994; 24(6): 19-43. 

[135] Selby MJ. A rock mass strength classification for 

geometric purposed: with test from Antartica and 

Newzeland. Geomorphology 1980; 24: 31-50. 

[136] Sen Z, Sadagah H. Modified rock mass classification 

system by continuous rating. Engineering Geology 

2003; 67: 269-280. 

[137] Shabazadeh karim, Suroor Jalileddin, Mohammandi 

Torkashwand Ali. Zoning landslide by use of 

Frequency ratio method (case study Deylaman Region). 

Middle-East Journal of Scientific Research 2011; 9(5): 

578-583. 

[138] Sharma VK. Macro-zonation of Landslide Hazard in 

the Environs of Baira Dam Project, Chamba District, 

Himachal Pradesh. Journal of Geological Society of 

India 2008; 71(3): 425-432. 

[139] Singh A. FRHI-a system to evaluate and mitigate rock 

fall hazard instable rock excavations, Journal Division 

Civil Engineering Instrument Engineering (India) 2004; 

85: 62-75. 

[140] Singh A, Connolly M. VRFSR on emprical method for 

determining volcanic rock excavation safety on 



International Research Journal of Innovations in Engineering and Technology (IRJIET) 

ISSN (online): 2581-3048 

Volume 7, Issue 8, pp 14-25, August-2023 

https://doi.org/10.47001/IRJIET/2023.708003  

© 2023-2017 IRJIET All Rights Reserved                     www.irjiet.com                                          24                                                                    
 

construction sites. Journal Division Civil Engineering 

Instrument Engineering (India) 2003; 84: 176-191. 

[141] Sokolovski VV. Statics of Soil Media, translated by 

Jones, D.H., and Schofield, A.N., Butterworths 

Scientific Publications, London 1960. 

[142] Spencer E. A method of Analysis of the Stability of 

Embankments, Assuming Parallel Interslice Forces. 

Geotechnique 1967; 17: 11-26. 

[143] Suzen ML, Doyuran V. A comparison of the GIS based 

landslide susceptibility assessment methods: 

multivariate versus bivariate. Environmental Geology 

2004a; 45: 665–679. 

[144] Suzen ML, Doyuran V. Data driven bivariate landslide 

susceptibility assessment using geographical 

information system: a method and application to 

Asarsuyu Catchment Tukey. Engineering Geology 

2004b; 71: 303-321. 

[145] Terzaghi K. Rock defects and loads on tunnel supports. 

In: Rock tunneling with steel supports 1946; 1: 17-22. 

[146] Tangestani MH. Landslide susceptibility mapping 

using the fuzzy gamma approach in a GIS, Kakan 

catchment area, southwest Iran. Austrian Journal of 

Earth Sciences 2004; 51: 439–450. 

[147] Thomas, Delgado J, Seron JB. Modification of slope 

mass rating (SMR) by continuous funtions. 

International journal of Rock Mechanics and Mining 

sciences 2007; 44: 1062-1069. 

[148] Unal E. Modified rock mass classification: M-RMR 

system. IN: Bieniawski ZT (Ed.), Milestones in rock 

engineering, The Bieniawki Jublee collection. Balkema 

1996; 203-223. 

[149] Van Westen CJ. The modeling of landslide hazards 

using GIS. Surveys in Geophysics 2000; 21(2-3): 241-

255. 

[150] Van westen CJ, Rengers N, Soeters R. Use of 

Geomorphological Information in Indirect landslide 

susceptibility assessment. Natural Hazards 2003; 30: 

399-419. 

[151] Van Westen CJ. Geo-information tools for landslide 

risk assessment: an overview of recent developments In 

Landslides evaluation and stabilization. In proceedings 

of the 9th international symposium on landslides Rio 

de Janeiro, Brazil, London: Balkema 2004; 39-56. 

[152] Watts P. Probabilistic predictions of landslide tsunamis 

off Southern California. Marine Geology 2004; 203: 

281-301. 

[153] Wickham GE, Tiedemann H, Skinner EH. Support 

determination based on geologic prediction. In 

Proceedings of the 1st North American rapid 

excavation tunneling conference New York AIME 

1972. 

[154] Wilson GW, Fredlund DG. The Evaluation of the 

Interslice side Forces for Slope Stbility Analysis by the 

Finite Element method, Ninth Canadian Congress of 

Applied Mechanics, Saskatoon, Canada 1983; 37. 

[155] Wright SG. A study of slope stability and the undrained 

shear strength of clay shales. Thesis University of 

California Berkely California 1969. 

[156] Wright SG, Kulhawy FH, Duncan JM. Accuracy of 

Equilibirium Slope Stability Analysis. Journal of the 

Soil Mechanics and Foundation Division, ASCE 1973; 

99(SMCO): 789-790. 

[157] Yang IT, Chun KS,  Park JH. The effect of landslide 

factor and determination of landslide vulnerable area 

using GIS and AHP. The Korean society for Geo-

spatial Information System 2006; 14: 3-12. 

[158] Yalcin A. GIS-based landslide susceptibility mapping 

using analytical hierarchy process and bivariate 

statistics in Ardesen (Turkey). Catena 2007; 72(1): 1-

12. 

[159] Yesilnacar E, Topal T. Landslide susceptibility 

mapping: A comparison of logistic regression and 

neural networks methods in a medium scale study, 

Hendek region (Turkey). Engineering Geology 2005; 

79: 251-266. 

[160] Yin KL, Yan TZ. Statistical prediction model for slope 

instability of metamorphosed rocks. In Proceedings 5th 

Symposium on Landslide, Lawsanne 1988; 2: 1269-

1272. 

[161] Yoon WS, Jeong UJ, Kim JH. Kinematic Analysis for 

sliding failure of multi-faced rock slopes. Engineering 

Geology 2002; 67: 51-61. 

[162] Zezere JL, Reis E, Garcia R, et al. Integration of spatial 

and temporal data for the definition of different 

landslide hazard scenarios in the area north of Lisbon 

(Portugal). Natural Haz Earth Sys Sciences 2004; 4: 

133–146. 

[163] Zhou G, Esaki T, Mitani, M, et al. Spatial probabilistic 

modelling of slope failure using integrated GIS Monte 

Carlo simulation approach. Engineering Geology 2003; 

68: 373–386. 

[164] Zubair Malik, A., Panwar, M.S., and Parmar, M.K.. 

Landslide Hazard Zonation of District Rudraprayag of 

Garhwal Himalayas. International Journal of Current 

Research 2012; 4(10): 237-244. 

 

 

 

 

 



International Research Journal of Innovations in Engineering and Technology (IRJIET) 

ISSN (online): 2581-3048 

Volume 7, Issue 8, pp 14-25, August-2023 

https://doi.org/10.47001/IRJIET/2023.708003  

© 2023-2017 IRJIET All Rights Reserved                     www.irjiet.com                                          25                                                                    
 

AUTHORS BIOGRAPHY 

 

Dr. M.Kannan, Professor and Head, 

Department of Civil Engineering, 

Parisutham Insitute of Technology and 

Science, Thanjavur. Additionally he is 

a recognized supervisor in Anna 

University. 

 

 

 

 

Dr. S.E. Saranaathan, Senior 

Professor, School of Civil Engineering, 

SASTRA University, Thanjavur, 

Taminadu, India. 

 

 

 

 

 

******* 

Citation of this Article: 

Kannan M, Saranaathan S.E, “Review of Landslide Research” Published in International Research Journal of Innovations in 

Engineering and Technology - IRJIET, Volume 7, Issue 8, pp 14-25, August 2023. Article DOI 

https://doi.org/10.47001/IRJIET/2023.708003  

 

https://doi.org/10.47001/IRJIET/2023.708003

