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Abstract - This research focuses on improving the slope
stability of an irrigation canal embankment at Kandra
Kota, Andhra Pradesh, through soil stabilization
techniques. The earlier untreated slope analysis revealed
failure potential due to poor shear strength and high silt
content. This extended study investigates the effect of
nano-lime, nano-alumina, and polypropylene fibre on
enhancing the shear strength parameters and factor of
safety (FOS) of the same canal slope.

Two stabilization mixes were prepared using varying
percentages of nano additives and fibre. Laboratory tests
such as Atterberg limits and direct shear were conducted
to evaluate improvements in cohesion and internal friction
angle. Slope stability analysis using HYRCAN software
revealed that the stabilized soil showed significant FOS
improvement under dry, submerged, and sudden
drawdown conditions. Mix 2, with higher additive content,
achieved the highest FOS across all cases.

The results demonstrate that nano-material-based soil
stabilization is an effective, eco-friendly, and practical
approach for improving the stability of irrigation canal
embankments, especially in silt-dominant soils prone to
seepage and erosion.
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1.INTRODUCTION

Irrigation canal embankments are frequently
constructed on soft or silty soils, which are highly
susceptible to failure due to seepage, rainfall infiltration,
fluctuating water levels, and erosion. The safety and
performance of such slopes depend significantly on the
soil’s shear strength and the effectiveness of drainage
and protection systems. In many canal projects across
India, slope instability arises due to high silt content,
expansive clay behaviour, and lack of adequate
stabilization measures.

These failures can lead to canal bed erosion, side slope
collapse, and damage to adjacent infrastructure such as
roads or pipelines. In recent years, there has been
growing interest in adopting modern soil improvement
techniques to address these challenges effectively.

1.1 Case Site: Kandra Kota

The case study area is located at Kandra Kota, Andhra
Pradesh, where a road embankment adjacent to an
irrigation canal experienced visible signs of instability.
The embankment, with a height of 18 meters and side
slope of 1V:1.5H, had previously shown distress due to
poor soil strength, rainfall-induced erosion, and
unprotected slopes. Earlier slope stability analysis
conducted on the untreated soil revealed critically low
FOS values, especially under submerged and sudden
drawdown conditions.

This preliminary analysis and failure behaviour were
documented and presented at the IYGEC 2025
conference. Based on the findings, it was evident that
remedial measures were necessary to prevent further
degradation and to restore the structural stability of the
embankment

1.2 Objective of the Present Study

The current study focuses on the stabilization of the
problematic embankment soil using a combination of
nano-lime, nano-alumina, and polypropylene fibre. The
primary objective is to evaluate the effectiveness of these
additives in improving the shear strength characteristics
of the soil and enhancing the overall stability of the canal
slope. This research includes:

e Laboratory testing of stabilized soil for
Atterberg limits and shear strength

e Application of HYRCAN software to analyse
slope stability before and after treatment
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e Comparison of FOS values under dry,
submerged, and sudden drawdown conditions

By focusing on post-treatment performance, this study
aims to provide a sustainable and field-applicable
solution to slope failures in similar geotechnical
conditions.

Fig -1: Represents of the site at Kandra Kota

2. LITERATURE STUDY

2.1 Holister et al (2003) presented the effect of nano
particles on strength behavior of materials. It was found
that, the strength of the material increases due to the
occurrence of interactions between intermixed materials.

2.2 Daniele et al (2008) investigated enhancement of
unconfined compressive strength of soil lime mixtures by
adding various percentages of nano- lime. An optimum
nano- lime at four different curing periods is
recommended for the studied soil-lime mixtures.

2.3 Taha (2009) conducted laboratory experiments to
understand the geotechnical properties of natural soils
mixed with nano material. The results from experimental
investigation indicate that addition of nano material
reduces plasticity index of natural soil.

2.4 Zaid Hameed Majeed and Mohd Raihan Taha,
(2010), investigated the effect of various nano materials
on the geotechnical properties of soft soil sample from
Peneng state. It was concluded that the unconfined
compressive strength of soil increases by adding nano
material to the soft soil.

2.5 Abd-Elaty et al. (2019) conducted a comprehensive
slope stability analysis for El-Salam Canal in Egypt,
emphasizing the impacts of climate change-induced sea
level rise (SLR) and seismic activities. Their study used
coupled finite difference and finite element methods
Visual MODFLOW for groundwater simulation and
Phase2 software for mechanical slope stability under
dynamic and hydrogeological stressors.

2.6 Aruna Lakshmi et al. (2018) conducted a slope
stability investigation of the erosion-prone Nadukani Hills
in Kerala, India, to evaluate the effectiveness of slope
reinforcement measures in controlling soil erosion. The
study highlights that the region is particularly vulnerable
due to its steep topography, acidic and fine-textured soils,
heavy rainfall, and the proximity of highways to unstable
hill slopes.
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2.7 Gunawan et al. (2023) conducted a slope stability
assessment of sandstone mining slopes in Sedau Village,
West Lombok Regency, to determine whether the steep
cut slopes remain within acceptable safety limits. The
study  highlights how mining-induced slopes—
particularly in rock formations like sandstone—require
careful evaluation due to the increased risk of landslides,
especially when slope heights and inclinations are
considerable. The site examined had a 41 meter-high
slope with a steep inclination of 67°, prompting the need
for thorough analysis.

2.8 Anjana Babu et al. (2016) examined the effect of
polypropylene fiber (PPF) on the shear strength
parameters of sandy soil using a series of direct shear
tests. The study focused on varying the PPF content from
0% to 1.75% by dry weight to determine the optimal
dosage for shear strength improvement. The soil used
was collected from Thrissur, Kerala, and was classified as
sandy soil with an initial angle of internal friction (¢) of
19.83° and negligible cohesion. The test results
demonstrated a consistent increase in both cohesion and
friction angle with increasing PPF content up to 0.75%,
beyond which the values declined.

2.9 Panbarasi Govindasamy et al (2017) explored
usage of nano- lime as a stabilizing agent for expansive
clay by adding different percentages of nano- lime in soil-
lime mixtures. The - 20 - unconfined compressive
strength of treated soil increased considerably over
curing time with increasing percentage of nano- lime. The
optimum strength is attained at 0.5% nano- lime
admixtures.

2.10 Reze Ziaie Moayed and Hamidreza Rahmani
(2017), studied the effect of nano-Sio2 solution on the
strength characteristics of kaolinite. The measured
results indicate that the unconfined compressive strength
of pure soil increases by 40% by adding nano solution.

3. METHODOLOGY
3.1 Stabilization Materials Used

The soil stabilization process employed in this study uses
a combination of nano-scale additives and synthetic fibre
to improve the mechanical behaviour of the native
embankment soil. The materials selected include:

e Nano-lime (Ca0): Reacts pozzolanically with
silica in clay minerals to increase cohesion and
reduce plasticity.

e Nano-alumina (Al,03): Enhances the soil
structure through improved particle bonding
and contributes to stiffness and strength.

e Polypropylene Fibre (PPF): A synthetic

reinforcing agent that improves the frictional
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resistance of the soil matrix by providing tensile
reinforcement.

Two mix proportions were prepared:

e Mix 1: 0.5% nano-alumina + 1% nano-lime +
0.25% PPF

e Mix 2: 1% nano-alumina + 2% nano-lime + 0.5%
PPF

These proportions were selected based on preliminary
trials and relevant literature to achieve optimal
improvements at minimal dosage.

3.2 Soil Mixing and Sample Preparation

The native soil was collected from the site of the Kandra
Kota canal embankment. The soil was first oven-dried
and then pulverized to pass through a 4.75 mm IS sieve.
Stabilizers were added in dry form and thoroughly mixed
to ensure uniform distribution.

After mixing, distilled water was added to bring the
sample to optimum moisture content. The prepared
mixes were compacted using the Standard Proctor
method in cylindrical moulds for direct shear testing. The
specimens were stored and cured appropriately before
testing, although specific curing durations are excluded as
per academic requirements.

3.3 Laboratory Testing Program

A comprehensive laboratory testing program was
conducted on both untreated and stabilized soil samples
to evaluate the changes in geotechnical properties after
the addition of nano-lime, nano-alumina, and
polypropylene fibre. All tests were performed as per
Indian Standard (IS) codes.

The following tests were conducted:

e Natural Moisture Content - IS 2720 (Part 2)
e  Specific Gravity Test - IS 2720 (Part 3)

e Grain Size Distribution (Sieve + Hydrometer) -
IS 2720 (Part 4)

o Atterberg Limits (Liquid & Plastic Limits)- IS
2720 (Part 5)

o Free Swell Index - IS 2720 (Part 40)

e Compaction Test (Standard Proctor) - IS 2720
(Part 7)

e Permeability Test (Variable Head)- IS 2720
(Part 17)

e Unconfined Compression Test- IS 2720 (Part
10)
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e Direct Shear Test - IS 2720 (Part 13)

e Differential Free Swell Test - Based on standard
practice

The results of these tests were compiled and compared
for untreated and treated soil. These values, particularly
the shear strength parameters obtained from the direct
shear test, were used as inputs in the HYRCAN software
for slope stability analysis under dry, submerged, and
sudden drawdown conditions.

3.4 Stability Analysis Using HYRCAN Software

Slope stability analysis was carried out using HYRCAN
software, a dedicated program for analyzing earth
embankments and canal slopes under various hydraulic
and loading conditions. The software implements
Bishop’s Simplified Method, a widely accepted limit
equilibrium approach for circular slip surfaces in
homogeneous and layered soils.

The strength parameters (cohesion and internal friction
angle) obtained from the direct shear test for untreated
and stabilized soil mixes were input into the software.
Three hydraulic conditions were simulated for each case:

e Dry condition
e Submerged condition

e Sudden drawdown condition

The geometry of the slope was modeled based on field
data from the Kandra Kota canal embankment, which has
a height of 18 m, slope inclination of 1 vertical to 1.5
horizontal (1V:1.5H), and bottom width of 30 m. The
canal bed width was considered as 6 m. The
groundwater and phreatic levels were set according to
actual site observations during peak irrigation and
rainfall conditions.

The Factor of Safety (FOS) for each condition was
determined for the untreated soil, Mix 1 and Mix 2. This
enabled a comparative analysis to understand the effect
of stabilization on the overall slope stability under
various environmental exposures.

4. EXPERIMENTAL RESULTS AND ANALYSIS

4.1 Laboratory Test Results of Untreated and
Stabilized Soil

Laboratory testing was conducted on both untreated and
stabilized soils using standard procedures to determine
the engineering properties. The results of various tests
such as Atterberg limits, specific gravity, and direct shear
strength parameters are presented in Table 1.
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Table - 1: Atterberg Limits of Untreated and Stabilized

Mohr's Circle

Soil Samples 12
= ) £0.1333x+ 0.7
&}
Property Untreated Mix 1 Mix 2 5
Embankm | (0.5%NA+ | (1% NA+ = 08
ent Soil 1% NL + 2% NL + % SPECIMEN 3
0.25% PPF) | 0.5% PPF) = 0.4YVALUE]
& 04 SPECIMEN 2
Liquid Limit (%) 34.2 30.5 28 5:1 )
=02 PECIMEN 1
Plastic Limit (%) 18.74 20.2 19.82 T
0
Plasticity Index 15.46 10.3 8.18 0 3 4
(%) Normal?Stress(kg/cmz)
Soil Classification CI CL CL Chart -2: Mohr's circle from triaxial test before
treatment
Specific Gravity 275 | e | e
Diffgrerinltie;Free 40 22 13 Direct Shear Test
well (%) 1200
Cohesion (kN/m2) |  68.647 58.84 'E 1.000 y=0.7942x+0.5709
S~
Y
Angle of internal 7.6° 38.45° X, 0.800
friction (&) % 0.600
S
Coefficient of | 2.572x10-3 | 1.945x103 | 1.412x10-3 ‘f 0.400
permeability T 0.200
(cm/min) <
0.000
Cohesion of 49.033 58.839 68.65 0 0.2 0.4 0.6 0.8
bottom clay Normal stress (kg/cm?
e (kg/cm?)
Chart -3: shear strength parameters from direct shear
test after stabilization
LIQUID LIMIT
45.00 The stabilized soils exhibited increased cohesion and
40.00 39.13 friction angle, which are critical for improving slope
35.00 35.9@_35.67 resistance under external loads. These values were later
X 9 - .381.86 used for slope stability analysis.
< 30.00 ) _
g 30.19 2768832
£ 25.00 ' 26.84 4.2 Slope Stability Analysis Using HYRCAN Software
o 30.34 '
: 20.00
g 15.00 —&— UNTREATED HYRCAN software was used to perform slope stability
§ ' analysis under three exposure conditions: dry,
10.00 —&—TRIAL 1 submerged, and sudden drawdown. The slope geometry
was modelled according to actual site conditions, and the
5.00 TRIAL 2 :
strength parameters from the direct shear test were
0.00 ; ;
input for each soil type.
0 20 40 60 P P
No.of Blows The software applied Bishop’s Simplified Method to
calculate the Factor of Safety (FOS). Stability analysis
Chart -1: Wy, Values of Soil for different trials was performed for all three cases: untreated results
represented in Fig2, Fig 3, Fig 4.
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Fig -2: Factor of Safety under dry condition
Fig -6: Factor of Safety under Submerged condition after
stabilization for the two trials
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Fig -3: Factor of Safety under Submerged condition

MR HYRCAN 20

Fig -7: Factor of Safety under Drawdown condition after
stabilization for the two trials

Table -3: Factor of Safety of Embankment After

Treatment
Exposed Dry Submerged Sudden
Condition drawdown
Fig -4: Factor of Safety under Drawdown condition Factor of safety of | 1.199 1.041 0.632
Untreated soil
Factor of saf f | 1.540 1.312 0.918
The Factor of Safety (FOS) for each condition after t?-:i(l)rl(;tassileitz};g
stabilization is represented in the Fig 5, Fig 6, Fig 7 and it soil
was determined for the Mix 1 and Mix.
Factor of safety of | 1.618 1416 1.126
trail 2 stabilized
HIRCN2 + HERCAN 20 soil
20 Raveteh Genei il e G Roveieh Gl Mikols 18
b, ' o Sy //
me | i 5. CONCLUSIONS
I:;:;“E:#:INL‘ Th;:‘fim!]iu!
T B 15 1. The study aimed to enhance the slope stability
of an irrigation canal embankment at Kandra
Kota using nano-lime, nano-alumina, and
I R W T polypropylene fibre as stabilizing agents.
2. Two stabilized mixes were prepared and tested.
Fig -5: Factor of Safety under Dry condition after Mix 2 (1% NA"' 2% NL + 0.5% PPF) C(.)nsistently
stabilization for the two trials showed superior performance over Mix 1.

3. Laboratory tests confirmed:

e A reduction in plasticity index from
15.46% (untreated) to 8.18% (Mix 2),
indicating reduced swelling and
improved workability.
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e A shift in soil classification from CI to CL, V. Future studies can explore the use of alternative
representing improved behavior for nano-materials or industrial by-products (e.g.,
embankment stability. fly ash, GGBS) for improved performance and
. . sustainability.
e DFS value dropped from 40% to 13% in Mix 2,
reflecting lower soil expansiveness. vi. A detailed cost-benefit analysis comparing
e Cohesion increased from 49.033 KkN/m? nli:an-StablllZ:tlon with C(Zn(;/er-lqonal ril;athofds
(untreated) to 68.65 kN/m? (Mix 2). l(1me, cement) can support decision-making for
arge-scale adoption.
e Angle of internal friction improved drastically . ) . L .
from 7.6° to 38.45°, enhancing shear resistance. vil. Integration of chemical stabilization with
physical protection measures (e.g., geotextiles,
e Permeability reduced significantly, improving drainage systems, vegetation) should be
drainage and minimizing seepage risk. considered for holistic slope safety.
e HYRCAN software analysis showed: REFERENCE
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