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 The complex geography of the Himalayan mountain range, along with the natural 
circumstances that already exist and the ways in which people have influenced and 
intervened in the region- makes various regions of the range vulnerable to slope 
instability. The slope stability of the area that is the subject of this work is evaluated 
in Palampur, which is in the Kangra district of Himachal Pradesh. The primary 
objective of this work is to ensure that the slope remains stable so that the nearby three-
sided residential structures and the highway remain protected. After the site visit, the 
geo-technical studies, which include testing in the form of bore holes and in the 
laboratory, are carried out. After evaluating the geo-technical technical report, the next 
step in the process is to begin the analysis of the slope's stability. In order to do an 
analytical analysis of the slope stability, the area has been subdivided into three 
portions, and labelled A-A, B-B, and C-C, respectively. Using the numerical 
modelling approaches, the mitigation design parameters for the area and the circular 
slip failure are computed. These calculations are based on the geo-technical 
characteristics of the studied area that have been specified. The factor of safety is 
calculated for both the natural and stable scenarios by the program. Because of this, 
some preventative steps and a few improvements are suggested. 
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1. Introduction 
The geo-technical engineers have traditionally 

taken a keen interest in evaluating slope stability. 
There is a great deal of discussion on the use of 
techniques and the selection of soil characteristics 
for analysis. Since the soil behavior influences the 
precision of slope stability analysis, the soil 
properties are significant inputs for numerical 
models. The soil parameters must be precisely 
assessed for a suitable slope stability analysis. It is 
most straightforward to do this by conducting 
several site investigations. A technique (e.g.- finite 
difference method, limit equilibrium method, finite 
element approach) with numerous material and soil 
models that can accurately represent soil behavior 
and stresses is required. 
In the recent years, the use of two-dimensional 
finite element modelling in slope stability analysis 
has become popular, and the geo-technical 
researchers have benefited from this [1]. In 

addition, as computation advances, the finite 
element method is being more widely used in the 
geo-technical studies [2] [3]. The capacity to 
correctly illustrate slopes (i.e.- sophisticated 
geometry, changeable loading conditions, and the 
incorporation of material as reinforcement) and to 
better demonstrate soil deformations are examples 
of the numerous advantages [4] [5]. There is also 
no need to make assumptions about the position or 
shape of the failure surface in advance. Failure 
happens spontaneously when the soil's shear 
strength is inadequate to resist the applied stresses. 
Due to the numerous factors, it is crucial that the 
engineers comprehend the conclusions of the 
investigation. In this part, several case studies are 
given to show how well the finite element approach 
works [6-11].  

The selection for a pile row, according to many 
experts, is between the slope's center and the 
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critical shear surface's center, with many rows 
located towards the slope's center and no surcharge 
applied. The shear stresses generated by the 
surcharge necessitated the pile row to advance 
upslope toward the load to ensure global and local 
stability of the slope under local loading at the top 
of the slope [12]. 
A series of numerical evaluations were performed 
to learn how pile spacing and placement influence 
the stability of a slope that has been reinforced with 
a single row of piles. Soil-pile interaction was 
shown to have a significant impact on slope 
stability, and as a result, the failure mechanism of 
the piled slope changed depending on where the 
piles were located on the slope. Pile placement in 
the slope's middle to upper half was suggested for 
maximum safety.  
The collapse of a slope was traced back to poor pile 
performance, which was examined using the 
numerical analysis. For system stability, the fixed-
head pile performed better than the free-head pile. 
It was thought that the pile head changed the failure 
surface of the whole system [14 & 15].  

To avoid the rising of submerged structures and 
to provide support for bulkhead and wharf systems, 
ground anchors have been frequently utilized to 
support retaining walls for deep excavations. New 
materials have been used to greatly enhance ground 
anchor performance, although the design processes 
themselves have changed little over the years. The 
behavior of ground anchors under tensile load has 

been analyzed by several authors using a non-linear 
connection at the ground-grout interface. A 
completely elastic-plastic model of tension anchor 
load transmission was developed. The study was 
broken up into two sections: one for the interface 
between the anchor and the earth, and another for 
the strand and grout. The researchers have recently 
used a hyperbolic load-displacement model to 
study how jet mixing anchor-pile support systems 
change shape [15-19].  

As a conclusion, the authors employed the Geo5 
software to conduct stability tests along 
predetermined segments of the slope, ultimately 
deciding to use self-driven anchors, pile 
reinforcement, and cement grout to ensure the 
slope's integrity. This work highlights the 
importance of self-driven anchors, pile 
reinforcements, and grouting as a method for slope 
stabilization in the Himalayas. 

2. Studied area 
The area being investigated is in Palampur, 

district Kangra, Himachal Pradesh. It is at 32°6′35′′ 
N latitude and 76°32′11.91′′ E longitude. The 
length of the research area is 80 m and its width is 
45 m. The land is 1593 m above the sea level on the 
southern side and 1680 m above the sea level on 
the northern side. There is a road on the east and 
south sides, a building on the west side, and a forest 
on the north side (Figure 1). 

 
Figure 1. Location on map of studied area and site view in Palampur, Himachal Pradesh, India. 
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3. Methodology 
There is an initial reconnaissance survey, which 

comprises an examination of the proposed location. 
The land slopes from mid-to-high on all three sides 
of the property, as was shown during the site visit. 
After the inspection, the site underwent geo-
technical investigations- including drilling holes 
and performing tests in the lab. Slope stability 
studies have commenced because of the report's 
interpretation. The following section demonstrates 
how to do a stability study and build a cut slope 
(Figure 2). 

 
Figure2. Study's approach and methods are shown 

in a flowchart. 

3.1. Geo-technical assessment of soil 
The ground exploration program involves two 6-

meter-deep boreholes in each section. The results 
of the soil investigation suggest that the soil is 
cohesionless beneath 6.0 m. 

The unit weight of soil (γ) is determined using the 
core cutter method. This test is performed in 
accordance with IS-2720-Part-29 to determine the 

in-situ dry density of soil using the core cutter 
method (1975). The core cutter method is ideal for 
soft to moderately cohesive soils in which the 
cutter may be pushed. The cutter cannot be driven 
over hard and boulder-laden soils. 

Through the triaxial test, the internal angle of 
friction (ɸ) and cohesion (c) are computed. The 
triaxial shear strength test examines the soil's 
mechanical characteristics. In this test, a soil 
sample is stressed such that the tension in one 
direction is different from the stress in the 
perpendicular direction. This test determines the 
material properties of the soil- such as shear 
resistance, cohesion, and dilatancy stress. The test 
is the most popular, and is applicable to all soil 
types. 

The relative density test involves the assessment 
of the maximum dry density and the water content 
(humidity/density ratio) of cohesionless mixes 
(Figure 3). 

According to the results of the soil analysis, the 
area is in the drained condition (Table 1). 

Table 1. Studied area's soil characteristics used for 
analysis. 

Properties Values 
Unit weight (γ) 20.25 kN/m3 
Internal angle of friction (ɸ) 28.85° 
Cohesion (c) 17.67 kPa 
Saturated unit weight (γs) 21 kN/m3 
Poisson’s ratio 0.25 
 
Nonetheless, a site survey revealed that the soil 

consists of rock pieces in a sandy soil/clay matrix 
that appears to have considerable cohesiveness. 
The properties derived from geo-technical testing 
have been applied to cut slope design. 
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Figure 3. (a) Soil sample. (b), (c), (d) and (e) triaxial testing setup. (f) and (g) relative density test. 

3.2. Loads on structure 
The G+1 buildings line the northern boundary of 

the studied area. There is an axial stress of 0.45 and 
0.45 MPa in these structures. Building loads from 
the G+1 structure was taken into consideration 
when creating in ETABS software. 
 
 
 

3.3. Slope stability analysis assumptions 
Several assumptions have been made during the 

work: 
1. The analysis relies on the bishop’s method of 

slices and Mohr’s Coulomb failure criterion, 
which assumes a homogeneous soil mass. 

2. In addition to the forces exerted by the body, 
gravity is also considered. Various other 
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constructions- such as buildings- have been 
incorporated into the plan. 

3. Temperature and creep stress are not considered 
in the analysis. 

4. Structures that have FOS values greater than the 
minimum are safe under the present loads and 
support circumstances. If FOS goes below a 
certain threshold, the structure will be redesigned 
i.e. ≥ 1.5 [20]. 

Geo5 software has been used to conduct a stability 
check and implement preventative actions- 
(CBRI Roorkee). 

3.4. Numerical modelling 
In this work, the GEO5 software was used. GEO5 

is a package of software that offers solutions for the 
bulk of geo-technical tasks. Slope stability is the 
basic application for stability analysis. It allows for 
the optimization of slip surfaces to be done 
automatically and for circular or polygonal 
surfaces to be analyzed for stability during the 
design process. This modelling software enables 
the simulation of a wide variety of phenomena- 
including seismic impacts, surcharges, anchors, 
and geo-reinforcements. 

A two-dimensional finite element approach was 
used to determine the factor of safety (FOS). In this 
research work, the Mohr-Coulomb failure criterion 
model is used to simulate how soil behaves in the 
numerical analysis. The simulation of the models' 
boundary conditions was carried out in such a way 
that the bottom boundary was held constant, while 
a sliding surface progressed along the vertical. In 
order to ensure accuracy in modelling, a fixed end 
condition is used regardless of the presence of hard 
rock strata in the base plane. Because the strata are 

more likely to change shape in the vertical plane, a 
sliding surface is used.  

As a major issue, mesh density in the finite 
element method is closely connected to the 
accuracy and complexity of finite element models. 
Getting accurate results from finite element 
analysis relies heavily on selecting an appropriate 
element size for a finite element model. With these 
considerations in mind, several numerical 
simulations were performed to determine the 
optimum mesh density[21]. Five alternative mesh 
densities, ranging from the course to the finest, 
were evaluated in the numerical analyses. Thus we 
went from a medium to a very fine mesh density, 
and the results held steady. As a result, the 
coarseness of the finite element meshes was 
reduced to a medium value. Adopting a medium to 
fine mesh density allowed us to lower the 
calculation time and computer memory 
requirements. Medium-to-fine sized meshes were 
created using a variety of components and nodes 
for the finite element model [22]. Additionally, 
improvements were made to structural 
components- including piles, anchors, and 
grouting- because of mesh refinements (as shown 
in Figure 4 and Table 2) [1] [23]. 

4. Results and discussion 
4.1. Stability analysis 

The steadiness of the slope was evaluated at 
three different sections: A-A, B-B, and C-C. The 
results of the calculations for the various forces 
and moments are shown in the Figure 5 and Table 
3. 

 

Table 2. Specification of FEM models for each part. 
Sr.No. Section Edge length No. of nodes No. of elements 

1. A-A 
(Natural condition) 2m 25116 13942 

2. A-A 
(Stable condition) 2m 21328 12073 

3. B-B 
(Natural condition) 2m 24145 12519 

4. B-B 
(Stable condition) 2m 22924 10768 

5. C-C 
(Natural condition) 2m 15418 11275 

6. C-C 
(Stable condition) 2m 13937 10437 
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Figure 4. Finite element model for all sections from medium to fine mesh density. 
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Figure 5. a) Stability check of Section A-A. b) Stability check of Section B-B. c) Stability check of Section C-C 

under natural condition. 

Table 3. Forces and moments acting on sections A-A, B-B and C-C under natural condition. 

Section Active force 
(kN/m) 

Passive force 
(kN/m) 

Sliding moment 
kNm/m 

Resisting 
moment kNm/m FOS Remark 

A-A 6160.02 7466.48 713823.60 865215.65 1.21 Unsafe (<1.5) 
B-B 12673.17 15029.89 3205805.68 3801961.96 1.19 Unsafe (<1.5) 
C-C 10071.52 13648.41 1025783.94 1390090.77 1.36 Unsafe (<1.5) 

 
The graphical representation of this analysis is 

provided in Figure 5 for the A-A, B-B, and C-C 
portions. To maintain the structural integrity of the 
sections, the passive forces and resisting moments 
must be greater than the active forces and sliding 
moments. Remedies were used to maintain the 
stability of the parts. After computing and 
analysing, the software will display FOS (Table 3). 
Figure 5 displays the FOS output files that were 
produced.  

In the studied area, a combination of several 
types of solutions will be required- such as piles, 
rock bolting, anchoring, reinforcing, and nails. 
Based on the geotechnical features of the location, 
a combination of piles, anchors, and grouting 
appears to be the most viable approach. To protect 
the structure adjacent to the support system's 
construction, it is required to build it in phases. The 
stability evaluation shows that each of the 

evaluated components has the bare minimum of 
required FOS and applicable support. 

4.1.1. Considering section- A-A 
The following are the analysis and stability 

checks at each stage (Figure 6). 
1. The installation of the four piles was done at a 

depth of 10 m, with a diameter of 0.3 m, and a 
bearing capacity of pile, Vu 120 kN.  

2. In addition, two additional piles were installed at 
a depth of 7.5 m, with a diameter of 0.3 m, and a 
bearing capacity of pile, Vu 120 kN. 

3. Another remedy was three anchors, two of which 
were 20 m long and one of which was 15 m long, 
with 1m spacing and a slope of 125º from the 
horizontal. 

4. Following the installation of the aforementioned 
corrective measures, cement grouting was 
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carried out to a depth of 2 m down the slope. At 
3, 7, and 28 days, the compressive strength of the 
cement grout was 59.90, 60.29, and 75.20 MPa, 
respectively. The cement grout properties as 
shown in Table 4. 

Table 4. Cement grout properties 
Properties Values 

Unit weight (γ) 14.4 kN/m3 
Internal angle of friction (ɸ) 360 
Cohesion (c) 36kPa 
Saturated unit weight (γs) 15 kN/m3 

 
Figure 6. Steps involved in section A-A, (a) and (b) installation of piles. (c) Installation of anchors. (d) Stability 

checks after all remedies. 

Table 5. Forces and moments acting on section A-A under stable condition. 

Section Active force 
(kN/m) 

Passive force 
(kN/m) 

Sliding moment 
kNm/m 

Resisting 
moment kNm/m FOS Remark 

A-A 5543.55 8708.43 642386.14 1009129.51 1.57 Safe (>1.5) 
 

The A-A segment, after a predetermined depth, 
anchors were installed along with the pile in this 
portion. The stability checks were conducted after 
the installation of each stage of remedies. 5543.55 
kN/m was the value of active force, which must be 
smaller than 8708.43 kN/m, the value of passive 
force. In addition, the sliding moment value was 
642386.14 kNm/m, which must be smaller than the 
resisting moment value of 1009129.51 kNm/m. 
Under stable conditions, the stability of the slope 
depends on these two parameters. (Table 5). 

 

4.1.2. Considering section- B-B 

The following are the analysis and stability 
checks at each stage (Figure 7). 

1. The installation of the two piles was done at 
a depth of 15 m, with a diameter of 0.3 m, and a 
bearing capacity of pile, Vu 120 kN.  

2. In addition, six additional piles were installed 
at a depth of 15 m, with a diameter of 0.3 m, and 
a bearing capacity of pile, Vu 120 kN. 
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3. Another remedy was installing two anchors, 
each 20 m long, with 1 m of spacing and a slope 
of 125º from the horizontal. 

4. In addition, four additional anchors were 
installed having 20 m long, with 1m spacing and 
a slope of 125º from the horizontal. 

5. Following the installation of the 
aforementioned corrective measures, cement 
grouting was carried out to a depth of 2 m down 
the slope. The cement grout properties as shown 
in Table 4. 

 
Figure 7. Steps involved in section B-B, (a) and (b) installation of piles. (c) and (d) installation of anchors. (e) 

stability checks after all remedies. 
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Table 6. Forces and moments acting on section B-B under stable conditions. 

Section Active force 
(kN/m) 

Passive force 
(kN/m) 

Sliding moment 
kNm/m 

Resisting 
moment kNm/m FOS Remark 

B-B 11342.58 17475.26 710952.86 1095349.44 1.54 Safe (>1.5) 
 

Section B-B, which addresses the slope's 
stability in static situations. This figure must be 
less than the passive force value, which was 
11342.58 kN/m. The active force was 17475.26 
kN/m. In addition, the sliding moment value was 
710952.86 kNm/m, which must be smaller than 
the resisting moment value of 1095349.44 kNm/m 
(Table 6). 

4.1.3. Considering the section, C-C 

The following are the analysis and stability 
checks at each stage (Figure 8). 

1. The installation of the five piles was done at 
a depth of 15 m, with a diameter of 0.3 m, 
and a bearing capacity of pile, Vu 120 kN.  

2. In addition, three additional piles were 
installed at a depth of 15 m, with a diameter 
of 0.3 m, and a bearing capacity of pile, Vu 
120 kN. 

3. Another remedy was installing an anchor, 20 
m long, with 1 m of spacing and a slope of 
125º from the horizontal. 

4. Following the installation of the 
aforementioned corrective measures, cement 
grouting was carried out to a depth of 2 m 
down the slope. The cement grout properties 
as shown in Table 4. 

 
Figure 8. Steps involved in section C-C, (a) and (b) installation of piles. (c) Installation of anchors. (d) Stability 

check after grouting and all remedies. 
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Table 7. Forces and moments acting on section C-C under stable condition 

Section Active force 
(kN/m) 

Passive force 
(kN/m) 

Sliding moment 
kNm/m 

Resisting moment 
kNm/m FOS Remark 

C-C 9276.80 13929.87 944842.33 1418757.42 1.51 Safe (>1.5) 
 

Section C-C, which addresses the slope's 
stability in static situations. This value must be 
less than the passive force value, which was 
9276.80 kN/m. The active force was 13929.87 
kN/m. In addition, the sliding moment had a value 
of 944842.33 kNm/m, which must be smaller than 
the resisting moment, which was 1418757.42 
kNm/m (Table 7). 

4.2. Validation 
The results of the stability study that were 

provided by [24] were evaluated alongside the 
results of the present slope stability analysis. This 
is because both studies were conducted in the lower 
Himalayan region, as shown in Figure 9. The 
researchers- [24] employed the following soil 
parameters in their study: cohesiveness of 12 kPa, 
internal friction angle of 26.5º, unit weight of 18 
kN/m3, and Poisson’s ratio of 0.35, respectively. 

The comparison of the factor of safety (FOS) was 
shown in Table 8, and it corresponded to the natural 
situation and the stable condition after the remedies 
were applied. In addition, the results of the stability 
analysis that were reported by [25] were compared 
with the findings of the current study. The region 
of the lower Himalayas was also the location of this 
case study's execution. [25] Utilized the following 
soil parameters in their study:- cohesiveness of 
15.5 kPa, internal friction angle of 32º, unit weight 
25kN/m3, and Poisson’s ratio of 0.20, respectively. 
The comparison of the factor of safety (FOS) was 
shown in the figure, and it corresponded to the 
natural situation and the stable condition after the 
treatments were implemented. 
Since [24] reported the height to be 1300 m and 
[25] reported the elevation to be 1200 m, it's 
possible that the difference in results is attributable 
to the difference in elevation from the mean sea 
level (MSL). 

 
Figure 9. Natural and stable condition of studied area by [24]. 

Table 8. Comparison. 

Studied area condition 
Factor of safety (FOS) 

Present study Koushik Pandit 
et al. 

Gaurav Tiwari 
et al. Section A-A Section B-B Section C-C 

Natural 1.21 1.19 1.36 1.08 1.01 
Stable 1.57 1.54 1.51 1.6 1.52 

Elevation from mean sea 
level (m) 1593 1300 1200 

 
5. Conclusions 

The studied area is situated on terrain with a 35-
degree slope, and is surrounded on three sides by 
residential structures that are 2 m to 6 m from the 
plot edge. Using the Geo5 software, the ideal 

solution for stabilizing the slope without affecting 
the stability of neighboring structures was 
identified. The research area has three sections: A-
A, B-B, and C-C. The results of this investigation 
have led to the following conclusions: 
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1. Using Geo5 as a stability check tool, the factor of 
safety (FOS) under natural conditions falls below 
the minimum FOS for all sections. Because the 
active forces and sliding moments are greater 
than the passive forces and resistive moments in 
the sections. 

2. The stability of the slope section is improved 
largely by using the combination of piling, 
anchors, and grouting. By combining the 
remedies, the passive forces and resistive 
moments increase compared to the active forces 
and sliding moments acting on the sections. 

3. The Mohr's coulomb failure criterion is applied 
to the sections, in order to obtain the failure 
envelope in the sections. Where the failure 
envelops exists, a combination of remedies is 
typically used. 

4. The factor of safety for the stable slope section 
ranges between 1.50 and 1.58, whereas in its 
natural state it falls between 1.21 and 1.38. 

Because of the economic and physical 
destruction, these areas required preventative 
measures to be taken. As a direct consequence of 
this, the preventative measures were implemented 
in this section of the study. The engineers are able 
to establish the methods of slope stabilisation that 
are the most effective by using the criteria that are 
associated with the research area. 
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  چکیده:

رشـــته را در برابر  نیو مداخله مردم در منطقه، مناطق مختلف ا يرگذاریتأث يهاوهیموجود و شـــ یعیطب طیبه همراه شـــرا ایمالیرشـــته کوه ه دهیچیپ يایجغراف
س بیش يداریناپا ضوع ا يمنطقه ا بیش يداری. پاکندیم ریپذ بیآ ست در پالامپور که در ناح نیکه مو ست ارز شپراد ماچالیکانگرا ه هیکار ا ست.  یابیا شده ا

. پس شوندیو بزرگراه محافظت م کیسه طرفه نزد یمسکون يهاکه سازه يبه طور ماندیم داریپا بیحاصل شود که ش نانیاست که اطم نیکار ا نیا یهدف اصل
 يگام بعد ،یکیژئوتکن یگزارش فن یابیانجام شد. پس از ارز باشد،یم یشگاهیبه صورت حفره چاله و آزما شیکه شامل آزما یکیاز محل، مطالعات ژئوتکن دیاز بازد
 C-Cو  A-A ،B-B بیشده و به ترت میمنطقه به سه قسمت تقس ب،یش يداریپا یلیتحل لیو تحل هیاست. به منظور تجز بیش يداریپا لیشروع به تحل ندیدر فرآ

سب گذار ستفاده از روش يبرچ ست. با ا ست لغزش دا يکاهش برا یراحط يپارامترها ،يعدد يسازمدل يهاشده ا شک سبه م يارهیمنطقه و   نی. اشوندیمحا
ه شد. به اسبتوسط برنامه مح داریو پا یعیطب ویهر دو سنار يبرا یمنیا بیمنطقه مورد مطالعه مشخص شده است. ضر یکیمحاسبات بر اساس مشخصات ژئوتکن

  .شودیم شنهادیو چند بهبود پ رانهیشگیاقدامات پ یبرخ ل،یدل نیهم

  .بزرگراه ،يعدد يسازمدل ،يارهیشکست لغزش دا ،يعدد يسازمدل ب،یش يداریپا کلمات کلیدي:
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