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Abstract: This paper is concerned with landslide stability assessment of Lakhani landslide accumulation body which is ancient landslide body material. 
Our main purpose of study was to check either ancient landslide accumulation body is stable along its pre-exiting and old slip surface or not. Study area 
is located on the west tributary of the Jinsha River in Shigu Town. Landslide accumulation body of our study area was granular soil with category sandy 
gravel with fines, and bedrock was Quartz Schist. Landslide stability assessment of this area is important to study because this area is very prone to 
landslides and Chinese government is interested in building many infrastructures like roads, dams for prosperity of this area. We used Morgenstern 
Price method, Spencer’s and Bishop Methods for analytical analysis of slopes. In the present research we determined the factor of safety (FOS) of 3 
longitudinal sectional slope profiles (Upper, Middle and Lower longitudinal sectional profiles) of our study area Lakhani under 4 conditions which are 
when water table is at 100m depth, when water table is at 100m depth and also has horizontal seismic load g=0.2 when water table is at 50m depth and 
when water table is at 50m depth and has seismic load g=0.2. We concluded that all three sections are stable when water table is at 50m and 100m 
depth, and when water table is at 50m and 100m depth and seismic load is applied. 
 
Key Words: Lakhani landslide accumulation body, Stability assessment, Limit Equilibrium Analysis, Slope/W, Factor of Safety (FOS), Morgenstern Price 
Method, Spencer’s Method, Bishop Method  
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1 INTRODUCTION 
Landsliding is a major phenomenon that occurs in every 
mountainous area in the world. It causes life injury and 
economic loss. Demand of housing for increasing 
population, and transportation routes increased the 
landsliding phenomenon in many ways like increasing load 
on slopes, erosion and weathering and by changing slope 
angle of natural slope (1). Landslide also causes threats to 
engineering structures. Accurate prediction can save us 
from great loss (2).Therefore for restraining the world from 
harmful effects of Landslides for saving lives, economy and 
environment the study of landslides is very important so 
many researchers worked on this issue and still they are 
working on it. Chinese nation is confronting severe 
landslides disaster risk. This is because favorable 
geographic conditions for landslides and 80% of landslides 
occurred in Qinghai-Tibetan Plateau (3). Chinese 
government is planning to build hydropower stations and 
transportation routes in this southwestern region. So this is 
reason there is required detail study of damaging effect of 
Mass Movement on these structures. Study of Landslide 
stability assessment is also necessary because these areas 
having transportation network which is built for tourism and 
socio- economic development of people of that area, and 
also these roads connect people of these areas with rest of 
China.  
 
 

Landslide is down the slope movement of material (rock, 
soil or debris) under action of gravity and ground water, on 
surface of rupture (4). Landslide takes place when natural 
slope is unable to support its own weight which causes soil 
or rock movement and mass wasting. The state of a slope 
is found by a common ratio called factor of safety (FOS) 
which tells us that either our slope is stable or not (5).  The 
purpose of this study is to determine landslide stability 
assessment of Lakhani area. So we investigate landslide 
stability of Lakhani area using Slope/w software. We have 
chosen Slope/W software for limit equilibrium analysis 
because it is the oldest software and its results are 
satisfactory. Advantage of using limit equilibrium analysis is 
that it understands the mode of failure before calculating 
FOS. It can solve problems in a short interval of time. 
Results of stability analysis are shown by stability factor, 
which shows factor between stabilizing and destabilizing 
forces. If it is equal to 1 then slope is between stability and 
instability, and if it is greater than 1 then slope is stable, and 
if is smaller than 1 then slope is not stable (6). Varnes 
(7)and Curden (8) classifies the downslope movements of 
materials based on different mechanisms, such as rock and 
debris slide, rock fall, block topple, earth flow, avalanches. 
These processes are largely dominated by the mechanism 
of failure; type of rocks, groundwater and geotechnical 
conditions (9). 

 
2 STUDY AREA 
Our study area is present in Tibetan Plateau. Due to 
collision between Eurasian and Indian plates Tibetan 
plateau is formed. Average elevation of Tibetan Plateau is 
about 4000m a.s.l., due to this; it is considered the highest 
plateau on Earth. Tibetan Plateau also has many active 
tectonic structures, which cause earthquakes and removal 
of covering on mountains that is the reason mass 
movement is common in that area and its adjacent areas 
(10). Tibetan Plateau contains large numbers of steep 
mountains and water sources, making it source of one of 
the long rivers of the world for example Yangtze River. The 
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Lakhani landslide accumulation body is located on the west 
tributary of the Jinsha River in Shigu Town, with a distance 
of approximately 8.67 km from Shigu Town. The 
administrative division belongs to Renhe Village, Shigu 
Town, Yulong Naxi Autonomous County, Lijiang City. The 
Lakahni Village is the fourth group of Renhe Village and it is 
located on the accumulation body of landslide. In terms of 
regional geographic location, northwestern Yunnan, where 
the study area is located, belongs to the transitional zone 
from the southeastern margin of the Qinghai-Tibet Plateau 
to the southeast, and is located in the middle section of the 
three rivers (Nujiang, Lancang, and Jinshajiang) concurrent 
area. From the perspective of the location, the research 
area is adjacent to Shigu in the east, Shitou in the south, 
Labachi in the west, and Liming in the north. The 
transportation is relatively convenient. In terms of regional 
structure, the northwestern Yunnan in the study area is 
located on the transitional zone of the southeastern margin 
of the Qinghai-Tibet Plateau. 
 
2.1 Geomorphology 
The average altitude is 1950m ~ 2150m ±. As far as the 
small area geomorphology in the study area is concerned, it 
belongs to structural erosion geomorphology. Its basic 
characteristics are: distributed in the west of Shigu Town, 
with a relative height difference of 1000-2000m, mainly 
eroded mountain terrain, the terrain slope is generally 
between 20-30 °, the local is steep, and the mountain basin 
and accumulation terrains are generally developed. There 
are no regional faults passing through the study area, but 
controlled by regional faults, it is one of the areas with the 
most frequent neo-tectonic movements. The area is 
seismically active and having average earthquakes of Level 
g = 0.2 as shown in seismic map below (Fig. 1). 

 
Figure 1 Seismic map of Lakhani Area 

 
2.2 Rain fall 
Our area receives heavy rain fall during monsoon, and area 
affected by the southeast and southwest monsoon. The 
area received heavy rain fall from June to August. The area 
receives average 834 mm rainfall annually and average of 
monthly rain fall is about 69.7 mm. recorded 24h maximum 
rainfall was 106 mm. averagely 138 days of the year area 
receives rain fall (11).  
 
2.3 Geological and Engineering Geological 

Characteristics of the arear 
The strata where the accumulation residues of the Lakhani 
landslide are present all are Cambrian strata, the 
surrounding strata are mainly Devonian, and moraine and 
alluvial deposits are accumulated between the valleys as 
shown below (Fig. 2): 

 
Figure 2 Geological Map of our Study Area and Adjacent 
Areas 
ϵ1? y

2
: eclogite-containing quartz schist 

ϵ1? y
3
: plagioclase diorite quartz schist, dolomite sericite 

quartz schist with green mud quartz microchip 
D1r: Quartz sandstone, slate, limestone, microchip rock 
D2g: Asphaltite dolomite, microchip rock in the south 
D2l: Limestone, microchip rock in the south 
D3x: Dolomite with limestone 
Qp

gl
: moraine gravel, gravel and clay, gravel, sand and clay 

with peat 
Q

h
: Slope, flood, lacustrine gravel, sand and clay 

The Lakhani landslide has a large and typical accumulation 
scale, with a length of about 1.1 km along the river and a 
distribution length of about 0.86 km along the vertical of the 
river. The maximum elevation at the top of the landslide is 
about 2340 m, the minimum elevation at the leading edge is 
about 2000 m, and the maximum elevation difference is 340 
m±. The landslide accumulation body has different 
thicknesses at different places. The thickest place is more 
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than 50 m and average thickness of the entire accumulation 
body is about ± 36 m as shown in fig. 3 (c, d, and e) in three  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
longitudinal profiles. Fig. 3  is also showing Google image 
(a) and DEM image (b) of our study area along with three 
longitudinal profiles (c,d,e) which are Upper Longitudinal 
profile, Middle longitudinal profile and lower longitudinal 
profile. Red line showing contact between bed rock and 
landslide accumulation body. Due to the large scale of 
accumulated residues, the landslide accumulation body is 
divided into blocks according to topography and geological 
characteristics. The landslide accumulation area can be 
divided into two blocks, namely area ① and area ②. Each 
will be described (Fig. 4 and 5) below. The estimated area 
of area ① is about 7.62 × 10

5 
m

2
 and area ② is about 1.3 

× 10
5
 m

2
. The estimated volume of the area ① is about 

29.74 ×10
6 
m

3
 and area ② is about 3.98 ×10

6 
m

3
. 

Area ① and ② are the parts of the Lakhani landslide 
accumulation body. In between them there is bed rock. Our 
study area Landslide accumulation body is granular soil 
with category sandy gravels with fines. With respect to area 
① river runs about 126⁰ and with respect to area ② the 
river runs about 110 ° because the bedrock layer intersects 
the bank slope at a large angle.  
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4 Basic Geological Features of Study Area 

 
Figure 5 Basic Geological Features of Study Area 

Bed Rock 

Source Area 

Area ① Area ② 

(a) Google Image of our 
study area showing 
locations of Profiles 

(b) DEM image of our Study 
area (c) Upper Longitudinal 

Profile 

(d) Middle Longitudinal Profile 
(e) Lower Longitudinal Profile 

Figure 3 Showing Google image, DEM map and All three Upper, Middle and Lower longitudinal profiles 
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3  METHODOLOGY 
In field we conducted site investigation to determine 
physical properties and characteristics of soil and rock, 
geological structures of rock, description of orientation and 
discontinuities, for gaining engineering geological 
understanding of our project area Lakhani, to study 
landslides and its possibility of occurrence and to measure 
hazard possibility (12) . For engineering geological projects 
site investigation is crucial to determine geological models 
and budgets calculation for engineering geological projects 
(13). Mountains  and hills in the world are so much high, 
about hundreds of meters in height and having  natural 
slopes with complex morphology, in such areas engineering 
geological and conventional structural surveys can only be 
conducted at the foot or toe of slopes so data we obtained 
by these methods are having incomplete knowledge of the 
area. Another way of getting complete knowledge of the 
area is surveys done by technicians who are trained in rope 
access climbing on high rock slopes.  But there are 
technical difficulties and limitations in conducting rope 
access survey methods that is why remote sensing 
techniques are used widely and have potential to increase 
information on structural geological setting and geometry of 
slopes. (14). For our study for remote sensing 
techniques we used services of Google earth for the study 
of rock slopes. Google earth has made satellite imagery 
accessible to everyone. For taking accurate positions 
latitude and longitude of our study area we used (GPS) 
global positioning system. There are 24 NAVSTAR 
satellites, which are orbiting around the earth at a height of 
11,000 miles, and complete their round in 1 hour. These 
GPS NAVSTAR satellites provide their services 24 hours 
(15). In the walkover survey we observed engineering 
geological characteristics of our study area as shown in 
(Figs. 4 and 5). We used GPS and DEM technology for 
obtaining our study area profile as shown in (Fig.  3). 
Orientation of discontinuities and slope angles were 
measured with the help of Brunton Compass. Detailed 
analytical analysis is performed on landslide accumulation 
body and has been discussed in results. Bedrock and 
landslide accumulation body material properties are also 
discussed in results. On the slopes the ground water table 
follows topography. We assumed that water table in our 
study area is present at 100 m depth in dry season and 
50m depth in case of heavy rainfall. Water table position 
can also change due to droughts or rainfalls. Pore pressure 
buildup would not occur if drainage dominates over rainfall, 
but could occur if rainfall dominates over drainage (16). For 
slope stability assessment there are many ways to calculate 
the factor of safety of slopes. Stress based stability analysis 
of slope failure in our research is done by Slope /W (17). 
The limit Equilibrium method used in Slope/W is founded on 
statics. Slope/W has a lot of tools for scrutinizing input data 
and measuring results. Slope /W can be used for analyses 
of complex problems (18). 
 
3.1 Morgenstern Price Method 
Morgenstern Price is widely used method and it is also our 
main method for analysis of slopes. Morgenstern Price 
calculates both force equilibrium and moment equilibrium 
and assumes interslice force function. It has following 
mathematical expression (19): 

T= f(x)λE 
Where, f(x)= interslice force function that changes 
continuously along slip surface, 
λ= scale factor of assumed function 
 
3.2 Spencer’s Method 
In our research we also used Spencer’s method which is 
modified version of Bishop’s method (20). Spencer’s 
method was made to overcome shortcomings in previous 
methods it has accurate formulation and includes and 
satisfy both all equation of statics and all interslice forces. It 
also satisfies both force of equilibrium and moment. It 
calculates factor of safety for moment equilibrium and force. 
It considers constant interslice force function (21). 
Equation used by Slope/W to relate normal (E) forces and 
interslice shear (X). 
X = Eλ f (x) 
In Spencer method, the function f(x) is a constant; Means, 
the interslice shear-normal ratio is the same between all 
slices. 
 
3.3 Bishop’s Method 
The simplified Bishop method has been widely used in 
slope stability analysis (22). It uses to calculate FOS of 
circular slip surface. In the simplified Bishop method, the 
interslice forces are taken to be horizontal, or vertical 
interslice forces are neglected. Because the vertical force 
equilibrium and the moment equilibrium about the centre of 
circular slip surfaces are fulfilled, but the horizontal force 
equilibrium is not considered. It based on the Mohr–
Coulomb criterion, and it divides the sliding body into 
several vertical strips (23). 
 

4  RESULTS 
Limit equilibrium analysis is the oldest method of Slope 
Stability analysis which uses a method of slices to calculate 
FOS. For limit equilibrium analysis we used the following 
properties of materials: we have taken these properties 
from literature review which has shown in (Table 1) and 
(Table 3).  
 
4.1 Landslide Accumulation body Material Properties 
Model = Mohr-Coulomb, Landslide accumulation body 
shear strength properties. 
 

Table 1 Shear Strength Properties of Sandy Gravel soil 
having some fines from Literature Review 

Number 
Unit Weight 

kN/m
3
 

Cohesion 
kPa 

Angle (Phi) Reference 

1 19.61 1.8  41.2 (24) 

2 ── 6.95 41 (25) 

3 ── 3.03 35 (26) 

4 ── ── 35-46 (27) 

5 26.03 ── 36.9 (28) 

6 18.54 2.77 36.4 (29) 
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7 18.22 ── 41.7 (30) 

8 20.44 0 43 (31) 

9 18.14 ── 41 (32) 

10 15.73 ── 36 (33) 

11 ── 0 41.6 (34) 

12 19.98 ── ── (35) 

13 17.13 ── 39.6 (36) 

14 16.08 ── 39.7 (37) 

15 
 

── 
 

4.1 
 

32.2 
 

(38) 
 

 
(Table 1) is showing shear strength properties of sandy 
gravels with some fines we selected these properties from 
literature review. Out of  (table 1) we selected most 
appropriate properties for landslide accumulation body of 
our study area and has written in (table 2). Because our 
study area landslide accumulation body material was 
granular soil with category Sandy Gavel with some fines. All 
shear strength properties which are given in (table 1) also 
supporting our selected properties in (table 2). There is one 
more reason for selecting these properties because our 
study area landslide accumulation body was also having 
quartz particles and frictional angle due to presence of 
quartz particles which have sharp edges will be higher (25). 
Landslide accumulation body was old landslide material 
and it was also consolidated that is the reason we assumed 
high Cohesion for landslide accumulation body. Parameters 
in (table 2) is in dry condition. We applied pore water 
pressure (piezometric line) for wet analysis under these 
parametrs. 

 
Table 2 Landslide Accumulation Body Material Properties 

used in GeoStudio 

 
 
4.2 Quartz Schist Material Properties 

 
Table 3 Shear Strength Properties of Quartz Schist 

from Literature Review 
Number Unit Weight 

kN/m
3 

Cohesion 
kPa 

Angle (Phi) References 

1 27.44 ── ── (39) 

2 ── 2000 40 (40) 

3 26 2640 58.41 (41) 

4 ── 1800 50.19 (42) 

5 26.47 ── ── (43) 

6 ── 1040 40 (44) 

7 25.82 ── ── (45) 

8 ── 990 58.8 (46) 

Quartz Schist was Bed Rock of our Study Area. So shear 
strength properties from literature review are given above in 
(Table 3). We selected most appropriate properties in (table 
4) because our study area rock was not fresh rock it was 
weathered rock near to contact between landslide slide 
accumulation body and quartz schist so we selected 
following properties. 

 
Table 4 Quartz Schist Material Properties used in 

GeoStudio 

 
 
4.3 Project Settings for Profiles 
Morgenstern price Method is the main method we used in 
analysis and after that Spencer’s and Bishop Methods are 
supplemented for verification. We used Morgenstern price 
method as main method because it is most popular method 
and it verifies all conditions of equilibrium. For PWP 
conditions we used Piezometric Line. We assumed water 
table at 100m depth in normal or dry condition and in case 
of heavy rainfall when water table will raise we assumed 
water table at 50 m depth. Water table depth, and shape on 
slope is calculated on the basis of geometric shape of slope, 
geological structures and material permeability. Also lush 
green areas show that the water table is near to surface as 
our study area has high vegetation as shown in Google 
image (Fig. 4) and field image (Fig. 5). Vegetation cover is 
one more factor to assume water table position.  For 
horizontal seismic load we took value 0.2 g we took this 
value because our study area is present in this earth quake 
zone as shown in seismic map of our study area Lakhani 
(Fig. 1). For the vertical seismic load we took value g=0.13, 
according to observations size of vertical component is 2/3 
to 1/2 the size of horizontal component (47). For slip 
surface option we used fully specified slip surface we used 
this because we wanted to calculate FOS of  ancient 
landslide body, and to determine either it is stable along its 
ancient slip surface or not. So for this purpose we selected 
whole ancient landslide body and old slip surface. 
 

 
Figure 6 Analysis on Upper (AB) Longitudinal Profile when 

water table is at 100 m depth 
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Figure 7 Analysis on Upper (AB) Longitudinal Profile 

when water table is at 100 m depth and horizontal 
seismic load g=0.2 is applied 

 
 

 
Figure 8 Analysis on Upper (AB) Longitudinal Profile 

when water table is at 50m depth 

 
Figure 9 Analysis on Upper (AB) Longitudinal Profile 
when water table is at 50 m depth and seismic load of 

g=0.2 is applied 
Fig. 6 is showing analysis on upper longitudinal profile (AB) 
when water table is at 100 m depth. When we did analysis 
with Morgenstern Price Method then FOS was equal to 1.61, 
when we did Spencer’s analysis on Upper Longitudinal 
Profile when water table was at 100 m depth then FOS was 
equal to 1.61 and when did Bishop’s analysis on Upper 
Longitudinal Profile when water table was at 100 m depth 
FOS was equal to 1.64. Fig.7 is showing analysis on Upper 
Longitudinal Profile when water table is at 100 m depth and 
horizontal seismic load of g=0.2 is applied. When we did 
analysis with Morgenstern Price Method then FOS was 
equal to 1.14. When we did analysis with Spencer’s Method 
then FOS was equal to 1.14 and when we did analysis with 
Bishop Method then FOS was equal to 1.17. Fig.8 is 
showing analysis on Upper Longitudinal Profile when water 
table is at 50 m depth. When we did analysis with 
Morgenstern Price Method then FOS was equal to 1.45, 
when we did analysis with Spencer’s Method then FOS was 
equal to 1.45 and when we did analysis with Bishop Method 
then FOS was equal to 1.47. Fig. 9 is showing analysis 
when water table is at 50 m depth and seismic load of 
g=0.2 is applied. When we did analysis with Morgenstern 
Price Method then FOS was equal to 1.03, when we did 
analysis with Spencer’s Method then FOS was equal to 
1.03 and when we did analysis with Bishop Method then 
FOS was equal to 1.04. In figures contact between 
landslide accumulation body and quartz schist has shown in 
white color line which is also old or pre-exiting slip surface. 
All analysis are showing same slip surfaces, but FOS are 
different. 
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Figure 10 Analysis on Middle (CD) Longitudinal Profile 

when water table is at 100 m depth 

 
Figure 11 Analysis on Middle (CD) Longitudinal Profile 
when water table is at 100 m depth and seismic load of 

g=0.2 is applied 
 
 

 
Figure 12 Analysis on Middle (CD) Longitudinal Profile 

when water table is at 50 m depth 

 
Figure 13Analysis on Middle (CD) Longitudinal Profile 
when water table is at 50 m depth and seismic load of 

g=0.2 is applied 
 
Fig. 10 is showing analysis on Middle longitudinal profile 
(CD) when water table is at 100 m depth. When we did 
analysis with Morgenstern Price Method then FOS was 
equal to 2.13, when we did Spencer’s analysis on Middle 
Longitudinal Profile when water table was at 100 m depth 
then FOS was equal to 2.13 and when did Bishop’s 
analysis on Middle Longitudinal Profile when water table 
was at 100 m depth FOS was equal to 2.20. Fig.11 is 
showing analysis on Middle Longitudinal Profile when water 
table is at 100 m depth and horizontal seismic load of g=0.2 
is applied. When we did analysis with Morgenstern Price 
Method then FOS was equal to 1.42. When we did analysis 
with Spencer’s Method then FOS was equal to 1.42 and 
when we did analysis with Bishop Method then FOS was 
equal to 1.48. Fig.12 is showing analysis on Middle 
Longitudinal Profile when water table is at 50 m depth. 
When we did analysis with Morgenstern Price Method then 
FOS was equal to 1.96, when we did analysis with 
Spencer’s Method then FOS was equal to 1.96 and when 
we did analysis with Bishop Method then FOS was equal to 
2. Fig. 13 is showing analysis when water table is at 50 m 
depth and seismic load of g=0.2 is applied. When we did 
analysis with Morgenstern Price Method then FOS was 
equal to 1.31, when we did analysis with Spencer’s Method 
then FOS was equal to 1.31 and when we did analysis with 
Bishop Method then FOS was equal to 1.36. In figures 
contact between landslide accumulation body and quartz 
schist in white color line. All analysis are showing same slip 
surfaces which is also old or pre-exiting slip surface, but 
FOS are different.  
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Figure 14 Analysis on Lower (EF) Longitudinal Profile 

when water table is at 100 m depth 
 

 
Figure 15 Analysis on Lower (EF) Longitudinal Profile 

when water table is at 100 m depth and seismic load of 
g=0.2 is applied 

 
 

 
Figure 16 Analysis on Lower (EF) Longitudinal Profile 

when water table is at 50 m depth 

 
Figure 17 Analysis on Lower (EF) Longitudinal Profile 
when water table is at 50 m depth and seismic load of 

g=0.45 is applied 
Fig. 14 is showing analysis on Lower longitudinal profile (EF) 
when water table is at 100 m depth. When we did analysis 
with Morgenstern Price Method then FOS was equal to 1.87, 
when we did Spencer’s analysis on Lower Longitudinal 
Profile when water table was at 100 m depth then FOS was 
equal to 1.87 and when did Bishop’s analysis on Middle 
Longitudinal Profile when water table was at 100 m depth 
FOS was equal to 1.94. Fig.15 is showing analysis on 
Lower Longitudinal Profile when water table is at 100 m 
depth and horizontal seismic load of g=0.2 is applied. When 
we did analysis with Morgenstern Price Method then FOS 
was equal to 1.32. When we did analysis with Spencer’s 
Method then FOS was equal to 1.32 and when we did 
analysis with Bishop Method then FOS was equal to 1.37. 
Fig.16 is showing analysis on Lower Longitudinal Profile 
when water table is at 50 m depth. When we did analysis 
with Morgenstern Price Method then FOS was equal to 1.80, 
when we did analysis with Spencer’s Method then FOS was 
equal to 1.80 and when we did analysis with Bishop Method 
then FOS was equal to 1.86. Fig. 17 is showing analysis 
when water table is at 50 m depth and seismic load of 
g=0.2 is applied. When we did analysis with Morgenstern 
Price Method then FOS was equal to 1.27, when we did 
analysis with Spencer’s Method then FOS was equal to 
1.26 and when we did analysis with Bishop Method then 
FOS was equal to 1.31. In figures contact between 
landslide accumulation body and quartz schist in white color 
line which is also old or pre-exiting slip surface. All analysis 
are showing same slip surfaces, but FOS are different.  
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5  DISCUSSION 
 

Table 5 showing results of all 3 longitudinal profiles 
under 3 methods and conditions 

 
In this study we used three methods of limit equilibrium 
analysis Morgenstern Price, Spencer’s and Bishop Methods 
by using Slope/W software. We divided our study are in 
three longitudinal profiles namely Upper (AB), Middle (CD) 
and Lower (EF) Longitudinal profiles. Limit equilibrium 
analysis is performed on all three longitudinal profiles. We 
used four conditions when water table is at 100m depth, 
when water table is at 100m depth and seismic load g=0.2 
is applied, when water table is at 50m depth and when 
there is worse condition water table is at 50m depth and 
horizontal seismic load g=0.2 applied. Our main purpose 
was to check either landslide accumulation body is stable or 
not along its old or pre-exiting slip surface. When we added 
water table at 100 m depth then all three longitudinal 
(Upper, Middle and Lower) profile slopes under all three 
methods (Morgenstern Price, Spencer and Bishop) showed 
stability. Middle longitudinal profile has highest FOS after 
that Lower longitudinal profile has highest FOS. when we 
applied water table at 100m depth and seismic load of 
g=0.2 is applied then all slopes showed that FOS is greater 
than 1 which means that slope will be stable under this 
condition and it will not fail. When we applied water table at 
50m depth then all slopes again were showing FOS greater 
than 1, again middle longitudinal profile was having highest 
FOS compare to other two upper and lower profiles. When 
we applied water table at 50m depth and horizontal seismic 
load of g=0.2 is applied then all profiles results showed that 
slopes are stable, but upper (AB) longitudinal profile 
showed less stability than other two profiles. Upper FOS is 
equal to 1 which showed that slope is on margin of stability 
and instability. As our main method was Morgenstern Price 
so according to this slopes are stable under all conditions. 
We also observed that FOS calculated by Morgenstern 
price and Spencer analysis is same or close to each other 
while FOS calculated by Bishop Method is greater than 
both. As Bishop calculates factor of safety only for moment 
force, while both Morgenstern price and Spencer’s methods 
calculate factor of safety for moment equilibrium and force. 
Morgenstern Price analysis and Spencer’s analysis 
methods satisfies all conditions of equilibrium while Bishop 
does not satisfy but it is still reliable and popular equilibrium 
method. Table 5 is showing results of our slope profiles we 
have also discussed here. 

 
6 CONCLUSION 

Stability analysis of slopes is showing that our study area is 
safe and economical to develop projects. In near future we 
can build there infrastructure by adopting some necessary 
protection measures. So that if there is worse condition 
than we studied above, then these conditions could not 
affect our projects, economy and lives of people of that area. 
We have also seen that some infrastructures were already 
present on slope like houses, Schools, playgrounds, 
agriculture lands and ponds etc. While these infrastructures 
are present on slope from decades and no unpleasant 
event has occurred. This is one more plus point that slope 
will remain stable and slope will not move along its old slip 
surface in future. 
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