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The Himalayan mountain range is susceptible to slope instability in numerous
areas due to its complicated topography, because of the existing natural conditions
and human influence and intervenes. National Highd&ys considered in this
work. The area undenvestigation located in Rampur, district Shimla, Himachal
Pradesh is evaluated for slope stability. The primary purpose of this work is to
maintain the slope's stability in order to protect-8B1and the neighboring three
sided residential structures. Fnling the site visit, the geotechnical investigations in
the form of bore holes and laboratory tests are conducted. Analysis of slope stability
is commenced after interpreting the geotechnical study report. For an analytic slope
stability, the studied aseis divided into three sections, labelled-Al, B1-B1', and
C1-C1'. Taking into account the geotechnical aspects of the specified research
region, the mitigation design parameters for the area and the circular slip failure are
calculated using the nuniesl modeling techniques. The software computes the
safety factor for both the static and dynamic situations. As a result, preventative
measures and a few improvements are suggested.

1. Introduction

The geotechnical engineers have always had a
strong interest in determining the stability of
slopes. There is a lot of debate over what
methodologies to use in applications and how to
pick the right soil parameters to analySece the
soil behavior affets the slope stability analysis
accuracythesoil characteristics are criticeputs
for numerical models. Theo# properties must be
accurately measured for an appropriate slope
stability study. The easiest way to accomplish this
is to conduct a few & investigations. A method
(e.g- finite difference method, limit equilibrium
methal, finite element approaghthat has various
materiab and sd models in which soil behavior
and stresses (e-gstatic or dynamic) can be
modelled realistically is alsequired[1-3].

The use of twalimensional finite element
modelling in slope stability analysis has been a
trend in the recent years, anthe geotechnical
researchers have taken advantage of this.
Furthermore, as computing power improves, the
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finite elemem method's use in geotechnical
investigations is becoming more widespread. A
number of advantages include the ability to
accurately depict slopes (i.e., complicated
geometry, variable loading conditions, and the
inclusion of material as reinforcement) ata
better illustrate soil deformatiof$ & 5]. Another
benefit is that no assumptions about the position
or geometry of the failure surface need to be made
in advance. When the soil's shear strength is
unable to withstand the imposed forces, the failure
occurs naturally. However, it is essential fbe
designers to understand the results of the analysis
because of the many variableSeveral case
studies are included in this section to show how
well the finite element method works.

Each variable that caributes to slope stability
was examined usingthe strength reduction
approachincluding pile support, slope curvature,
and local loading of the slope by structuf@s3].
According to the authorthe concave slopes are
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more stable thathe straight onesCompared to a
straight slope, smooth concave curvatures raised
the safety factor values by-®% and acute
concave curvares by 1525%. A near safety
factor was achieved by piles with radial, circular,
and rectangular cross sections. Pile row placement
was generally agreed upon to be between the
middle of the slope and the centre of the critical
shear surface, but most often closahe middle

of the slope without any surchardgéowever,the

pile row had to move uphill toward the load to
make sure the slope was stable both globally and
locally when there was local loading at the top of
the slope because the shear straing wawbilized

by the surchargf® &10].

A number of numerical analyses were carried
out in order to better understand the effects of pile
spacing and location on the strength of a slope
reinforced with a single row of piles. Slope
stability was shown to be greatly efted by soil
pile interaction; as such, the failure mechanism of
the piled slope varied depending on whether piles
were situated at the top, middle, or bottom of the
slope. To maximise safety, it was recommended
that the piles be placed in the middle tper half
of the slopg11-13].

They used numerical analysis to analyse the
performance of the piles in order to discover the

HIMACHAL PRADESH

On three of the plat' four sides, the research
area iscut off by around 10 m. In adn, on
three sides, the studiedrea is bordered by
residential development. It is barely 2m from the
plot's boundary on the left and right, but it is
around 6m from the boundary on the backside.

This involves ensuring that the maximum
amount of space can be used for stability through
the preventive measures.

668

Journal of Mining & Environmentyol. 13, No. 3, 2022

cause of a slope's failure. In order to make the
system more stable, the frhead pile worked less
well than the fixeehead pileBecause of this, the
failure surface of the whole system was said to
have been changed byepile head conditiongl4

& 15].

As seen in the preceding literature review, there
are numerous aspects that influence the safety
factor of a slope that has befemtified with piles
and other remedies. In this wgrkoth the static
and dynamic conditions were used to figure out
how well the slope stability would work from a
safetyviewpoint, taking into account the diameter,
length, and spacing of the piles andlaors.

2. Studied area

In this work, National Highway 05 is
consideed The area under investigation is
located in Rampur, district Shimla Himachal
Pradesh at latitude ZB#'53.50"N and loritude
825'25.50"E (Fgure 1. The research area
measures 30 mide by 25 m longThe southern
side of the land is 989 m abovke sea level,
while the northern side is around 1000 m above
thesea level. On the east, north, and west sides of
the site are buildings; N85 is on the south

3. Methodology

The main objective of this wonkas to keep the
slope stable so as to safeguard the®84&nd also
the residential buildings surrounding it in three
directions.

The first step is a reconnaissance survey, which
includes a site evaluation of the planned site.
There are houses on all three sides of the site, with
the land sloping from mitb-high, as discovered
during the site tour. The gotechnical
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investigations were carried out at the site
following the visit, in the form of bore holes and
laboratory testing.The dope stability analyses
were following the interpretation of the
geotechnical investigation report. The stability
analysis and design of a cut slope tiewn in the
following section(Figure 2)

3.1 Geotechnical poperties of studied aea

The design of the cut slope is based on the
analysis results. Listed in the table are the
engineering properties that were used in the
analysis (Table 1).

Geotechnical Assessment of Soil

W
FEM Analysis for Slope Stability

W
Remedies for the Stability of Slope

L3
Support System Recommendations
Figure 2. Flowchart showing approach and
methodology involvel in this work.

Table 1. Soil properties ofstudied area used in

analysis.
Property Unit Soil
Unit Weight, ¢ kN/m3 19
Poisson’s atio Unitless 0.25
Deformation nodulus, E MPa 16
Cohesion, ¢ MPa 0.023
Friction angle, ° 30

3.1.1.Loads
1. Earthquake load

According to IS 1893art 1, the resech area is
located in Zone 4. Theesmic oefficients can be
obtained by doing the following calculatiofi].

LW

Horizontal Seismic Coefficienidh) = Py

where, Z = Zone factor, based acdtion=
0.24 for Zone IV
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| = Importance Factor, for Important Structures = 1.5

Sa/g = Design acceleration coefficient for different type of
soil and rock = 2.5

R = Response Reduction Factor =3
Calculated Horizontal Seismic CoefficientijA= 0.15
Vertical Seismic Coefficient (A = 0.10 (2/3 of Ah)

2. Building Loads

The northern edge of the studiesiea is
bordered by the G+1 buildings. In these buildings,
the axial stress created is 0.44,&ind 0.4 MPa. In
ETABS, the finite element athematical model of
the building was looked at in light of the loads
that the G+1 structure put on the foundations.

3.2. Assumptions for slope stability aalysis

The following assumptioneere adopted inthe
anapsis:
1. The site observations and laboratory tests are used to
estimate all of the soil mass characteristics.

2. The MohrCoulomb failure dterion is used in the
study, which is based on the idea that the soil mass is
homogeneous.

3. In addition to the forces exed by the body, the
effect of gravity is also taken into account. Other
structures, including buildings, are also included in
the design.

4. The analysis ignores temperature and creep stress.

5. The impact of grouting was not taken into account
during the stug.

According to the IS code 14243 (Part 2), i
the FOS value is higher than the minimum, the
structure is safe under the current loading and
support conditions. The structure will be
redesigned if FOSalls below the required
level (Table 2[17].

Table 2. Minimum FOS required.

Case Required minimum FOS
Static @ase .
Dynamic @se e -15

With the help ofthe Geo5 software, stability
check and preventive measuvesreperformed.

3.3.Sectionfor analysis

Three different sections/ere divided from the
studiedarea namely A-A:’, Bi1-Bi'and Ci-Ci’ so
as to analyséhe slope stability as showfigure
3).
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~d

Figure 3. Section adopted

3.4. Description of numerical model

A two-dimensional finite element method was
used throughout the study to evaluate the slope's
safety factor under both the static and dynamic
loads. The MohiCoulomb model was used in this
study's numerical analysis to represent the soil's
behaviour.

Finite element models' accuracy and complexity
are directly related to mesh density in the finite
element method, which is a key issue. Because of
its importance, choosing the right element size for
a finite element model is the most pressing issue
when it comes to getting reliable findings from
finite element analysis [18]. As a result of these
factors, a series of numerical computations were
conducted in order to find the optimal mesh

for analysis.

density. Five alternative mesh densities, ranging
from the coarsest tthe finest, were evaluated in
the numerical analyses. As a result, the mesh
density was increased from medium to very fine
without significantly altering the findings.
Therefore, the finite element meshes were scaled
down to mediunto-fine sizes. In ordeto reduce

the computation time and computer memory
requirements, it was made possible by adopting a
medium to fine mesh density. For the finite
element model, a number of elements and nodes
were used to construct a mesh that ranged from
medium to fine in ige. Alsc structural parts like
piles and anchors got better because of the
changes to the mesh [19].

Table 3. Specification of FEM models for each part.

S.No. Section Edge length  No. of nodes No. of element
1. (N?a(telfrt'; r]c(')bln-'(?i}[ion) im 24587 12730
2 Sy Mo
3. (Ni?ucrt;ncggiltion) tm 2089 1058
4 (Sable condilon) m 18245 o
5. (Ni?ucrt;?ncoqr;;ltion) im 13204 0925
6. Section G-C/’ 1m 11548 5214

(Stable condition)
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4. Resultsand Discussion

It is common practice to evaluate slopes in
terms of their ability to resist sliding. With a wide
range of topography and materiatee NH-05's
slope conditions are quite varied. The material's
shear strength is affected by variations in moisture
content and physicathemical characteristics.
Because of the wide variety of materials and their
varying physical qualities, greater attentias
being drawn to the need for an accurate model for
mitigating the various types and dimensions of
landslides that have been exposed or that are
projected to occur in the future. Stability in the
portions of NHO5 was found to be caused by an
inherent phygical property of the slope forming
material like shear strength  capacity,
asymmetrical slope geometry, and structural
features that significantly diminish effective shear

Journal of Mining & Environmentyol. 13, No. 3, 2022

strength. In addition, human actions have altered
the slope geometry, causing ingliédp on the NH

05. Taking into consideratiothe geotechnical
congderations of the selected studiedea, the
mitigation design parameters of the area and
circular slip failure were carried out by using the
software Geo5.

4.1 Stability analysis results

For boththe static and dynamic scenarios, the
software calculates the Factor of&g (FOS) and
displays (Bble 3). The figures show the FOS
output files that were generated. Each of the
examined portions has the minimum necessary
FOS and relevant supgor

For the stability check, consider sectionsAa’
(Figure4).

Figure 5. Section A-A;’ FOS at (a) static and (b) dynamic condition.

Table 4. Forces and moments acting on section AA1’ before remedies under static andlynamic conditions.

. Active forces Passivedrces Sliding noment Resisting
sections 4 \y/m) (kN/m) kNm/m  momentkNm/m  FOS  Remark
(étﬁii:) 0.13 0.09 1.10 0.79 072<15 Unsafe
(D%'aAnlqic) 0.14 0.07 13.17 6.81 052<1.2 Unsafe

Section A-A; is clearly unstable under the
surcharge as shown in the table. Anchors and piles
are put in place to ensure the system's stability.
For boththe static and dynamic situationsi-OS
must be met.

Following are thefive stages of the stability
analysis.

672

1. Installation of piles depth 10m and diameter
0.5m.

2. Excavation upto 4m depth and installation of
anchor at 2m from top (length 10m, $ope =
10 from horizontal, diameter 32 ¥

3. Excavation upto6m depth and installation of
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anchor at 4m from top (length 10m, $ope =
10 from horizontal, diameter 32 ¥

4. Excavation upto 8m depth and installation of
anchor at 6m from top (length 10m, $ope =
10 from horizontal, diameter 32 ¥

Journal of Mining & Environmentyol. 13, No. 3, 2022

5. Excavation uptdlOm depth and installation of
anchor at 8m from top (length 10m, $ope =
10" from horizontal, diameter 32¥ (Figure 5
and 6) (Table 4)

Figure 6. Steps involvel in section ALA1’, (a) installation of pile, (b) and (c) installation of anchors

Figure 7. Stability check after remedies (a) stable static condition, (b)table dynamic conditioﬁ.
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Table 5 Forces and moments acting on section;AA,’ after remediesunder static and dynamic conditions.

. Active forces Passivedrces Sliding moment Resisting
Sections "y N/m) (kN/m) KNm/m moment khm/m ~ FOS  Remark
ArAa 1185.36 195868 527980.98 872437.14  1.65>15  Safe
(Static)
Ar-A7
(Dynamic) 1767.57 2233.92 30048.72 37976.67 1.26>1.2 Safe
Similarly considering the sections;-B;" and 3. Excavation upto 8m depth and installation of
Ci-Cy, (figure 7) (Table 5) two anchors at interval of 2m in each anchors
Following are the four stages of the stability from top (length = 12 and 10m, slope = f0m
analysis. horizontal, diameter = 32
1. Installation of piles depth 10m and diameter 4. Excavation upto 12m depth and installation of
0.5m. two anchors at interval of 2m in each anchors
from top (length = 10m of each anchor, slope =
2. Excavation upto4m depth and installation of 10" from horizontal, diameter =32 )LJXUH
anchor at 2m from top (length = 12m, slope = and 9) (Table 6).

10 from horizontal, diameter = 32

Table 6.Forces and moments acting on sectior®-B;and C;-C;’ before remedies under static and dynamic

conditions.
. Active forces Passivedrces Sliding noment Resisting
Sections i \y/m) (kN/m) KNm/m  momentkNmym  TOS  Remark
B1-By 364.92 272.01 795.52 592.99 0.75<1.5 Unsafe
(Static)
Bi-B1' 353.24 213.15 692.35 417.78 0.6<12  Unsafe
(Dynamic)
Cr-Cy 293.41 203.87 619.1 430.16 0.69<15 Unsafe
(Static)
Cr-Cr 285.44 166.94 685.05 400.65 058<1.2 Unsafe
(Dynamic)

Figure 8. Section B-B;" and C;-C,’, FOS at (a) static and (b) dynamic condition.
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Figure 9. Steps involvel in sectiors B;-B;’ and C;-C;’- (a) installation of pile, (b), (c) and (d) installation of
anchors.

Figure 10. Stability check afterremedies (a) stable static condition, (b)table dynamic condition.
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Table 7. Forces and moments acting on sectidd;-B; and C;-C,’ after remedies under static and dynamic

conditions
. Active forces Passivedrces Sliding nroment Resisting mmment
Sections "y \/m) (kN/m) KNm/m KNm/m FOS ~ Remark
BBy 1206.67 2439.43 19511.93 39445.6 202>15  Safe
(Static)
BiB1 1578.08 2340.43 31151.26 46200.02 1.48>1.2 Safe
(Dynamic)
CrCy 836.30 1370.46 242433.79 39781.72 164>15  Safe
(Static)
CrCr 1404.39 1947.31 23776.22 32967.99 139>12  Safe
(Dynamic)
5. Conclusions 3. In Section &C', the natural static and

The studied areawas situated on land with a
slope of about 35 and was bounded on three
sides by residential buildings, with a distance
from the plot border of 2 to 6 m. A R0thick
overburden of slope wash material with a top
layer of fill material was discovered through
geotechnical study and assessment. Udimg
Geob5 sdiware, the optimal optiomwas found for
stabilizng the slope involved  without
compromising the stability of nearby buildings.
Al-Al’, B1-B1', and C1C1' are the three
sections of the research area.tA& beginning, all
the sections we evaluated in albspects and
appeaedto be unstable.

1. Considering Section -A', the FOS were
0.72 and 0.52 under natural static and dynamic
conditions, whichwere less than the miniom
FOS. The active forces kN/m vg0.13 and the
passive forces kN/m we 0.09. Simérly, the
sliding moment kNm/nwas1.10 and the resisting
moment kNm/m was 0.79. After taking the
preventive measures ithe section, the active
forces wee 1185.36 kN/mand the passive forces
were 1958.68 kN/m. The sliding momemtas
527980.98 kNm/m anché resisting momentas
872437.14 kKNm/m. Now, the FOS of the sections
were 1.65 and 1.26, whiclvere greater than the
minimum FOS.

2. In Section BB', underthe natural static and
dynamic conditions, the F@Svere0.75 and 0.60,
which were less than the mimum FOS. Th
active forces wee 36492 kN/m and the passive
forces wee 272.01 kN/m. The sliding moment
was 795.52 kNm/m and the resisting momerss
592.99 kNm/m. After taking the preventive
measures irthe section, the active forces nge
1206.67 kN/m and the passive foes wee
2439.43 kN/m. The sliding momenias19511.93
kNm/m and the resisting momemias 39445.6
kNm/m. The FOS of the sectionsvere2.02 and
1.48, whichweregreater than the minimum FOS.
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dynmamic FOS wee 0.69 and 0.58which wee
lower than the minimm FOS. The active forces
kKN/m wee 29341 and the passive forces kN/m
were 203.87. Similarly, the sliding moment
kKNm/m was 619.1 and the resisting moment
kNm/m was 430.16. After taking the previwe
measures in the section, thetive forces we
83630 kN/m and the passive forcesre¢d 370.46
kKN/m. The sliding momentwas 242433.79
kKNm/m and the resisting momewas 397281.72
kKNm/m. Now, the section's FOS were 1.64 and
1.39, which wee both highethan the minimum
FOS.

According to the preceding, the resisting
moment is less than the sliding moment sitiee
passive forces are less thidne active forcesThe
passive forces have a greater value ti@active
forces, and the resisting moment hasgreater
value than the sliding moment under bdtte
static and dynamic conditions, as a result e
preventative measures implemented in all
sections. The value of the factor of safety in every
section exceeds the minimal factor of safety.
These locabns required preventative precautions
because of the economic and physical devastation.
As a result, the preventative measures were
advised, along with a few modifications. Using
the research area's criterithe engineers can
determine he most effectiveslope stabiliation
methods.
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