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Preface

In an era characterized by rapid technological advancement and complex
global challenges, the need for interdisciplinary research has never been
more pressing. "Interdisciplinary Research in Science and Engineering™ aims
to illuminate the pivotal role that collaborative efforts across various
scientific and engineering domains play in addressing contemporary issues.
This book serves as a comprehensive exploration of the methodologies,
innovations, and implications of interdisciplinary research, emphasizing the
convergence of ideas, techniques, and perspectives from diverse fields.

The landscape of modern research is evolving. Traditional disciplinary
boundaries are increasingly blurred, as scholars and practitioners recognize
that complex problems—ranging from climate change and public health to
artificial intelligence and renewable energy require multifaceted approaches.
By fostering collaboration among disciplines such as physics, biology,
computer science, engineering, and social sciences, we can develop holistic
solutions that are both innovative and effective. Each chapter of this book
presents case studies and theoretical frameworks that exemplify successful
interdisciplinary collaborations. The contributors renowned experts in their
respective fields bring a wealth of knowledge and experience, shedding light
on the challenges and triumphs encountered in their research endeavors.
Readers will find a rich tapestry of insights that illustrate how integrating
knowledge from different domains can lead to ground-breaking discoveries
and advancements.

Moreover, this book emphasizes the importance of cultivating an
interdisciplinary mindset among students, researchers, and professionals.
The future of science and engineering hinges on our ability to embrace
diverse perspectives, foster creativity, and encourage open dialogue among
disciplines. It is our hope that this book inspires a new generation of
researchers to pursue collaborative endeavours that transcend traditional
boundaries. As we embark on this exploration of interdisciplinary research,
we invite you to engage with the ideas presented herein, reflect on the
interconnectedness of knowledge, and consider how you might contribute to
the growing body of work that seeks to harness the power of collaboration in
addressing the challenges of our time.
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Chapter -1

Investigating the Particle Size Distribution of Soil and Rock
Dust for Civil Engineering Applications

Santanu Karmakar, Rahul Kumar Shaw and Ashes Banerjee

Abstract

This study investigates the application of sieve analysis, a standardized
technique governed by the 1S-2720(P-4) 1985 standard. Sieve analysis offers
a simple yet effective method for quantifying the particle size distribution of
granular materials, which are fundamental building blocks in numerous civil
engineering projects. This experiment employs sieve analysis to analyze both
soil and rock dust samples. By determining the distribution of particle sizes
within each sample, we gain valuable insights into their suitability for
various civil engineering applications. Understanding particle size
distribution is a critical aspect of material selection in civil engineering. The
size and gradation (range) of particles significantly influence the engineering
properties of a material, such as permeability, drainage characteristics, shear
strength, and ultimately, its overall performance within a structure. By
employing sieve analysis, engineers can ensure they select materials with a
particle size distribution that aligns with the specific requirements of a
project. This not only optimizes the performance of the final structure but
also contributes to factors like construction efficiency and cost-effectiveness.

Keywords: Granular materials, sieve analysis, particle size distribution, civil
engineering, soil compaction, permeability.

Introduction

The behavior of granular materials, such as soil and rock dust, plays a
critical role in the success of civil engineering projects. These materials form
the foundation, embankments, and various structural elements within civil
infrastructure. Their properties, particularly particle size distribution, exert a
significant influence on factors like stability, drainage, and bearing capacity
(Lambe & Whitman, 1979). For instance, soil with a high percentage of fines
(silt and clay particles) can exhibit poor drainage characteristics, leading to
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waterlogging and potential structural issues (Das, 2016). Conversely, well-
graded materials with a mix of particle sizes often demonstrate superior
performance in terms of strength and permeability (Coduto, 2010).

Understanding the composition and distribution of these particles is
essential for civil engineers to make informed decisions regarding the use
and treatment of granular materials in construction. Poorly graded materials,
where particle sizes are uniform, may lead to excessive settlement and
instability, while well-graded materials can enhance the mechanical
properties of the structure (Holtz, Kovacs, & Sheahan, 2010). The specific
gravity, shape, and texture of particles also contribute to the overall behavior
of the material under different loading conditions (Bowles, 1996).

Sieve analysis emerges as a reliable and straightforward technique for
quantifying the particle size distribution of granular materials (ASTM
International, 2017). This method offers a valuable tool for civil engineers
by providing a detailed breakdown of the various particle sizes present
within a sample (Head, 2006). By understanding this distribution, engineers
can gain crucial insights into the material's suitability for different civil
engineering applications. The information obtained from sieve analysis helps
in designing foundations, assessing soil compaction needs, predicting
settlement behavior, and evaluating drainage capabilities (Fang & Daniels,
2006).

This paper delves into the details of sieve analysis, outlining the
experimental procedure, the apparatus required, and the calculation methods
employed. The procedure involves passing a soil or rock dust sample
through a stack of sieves with progressively smaller mesh sizes. The amount
of material retained on each sieve is weighed, and the cumulative percentage
of material passing through each sieve is calculated to determine the particle
size distribution curve (ASTM International, 2017). This curve is critical in
identifying the grading characteristics of the material.

The apparatus required for sieve analysis includes a set of standard
sieves, a mechanical shaker, a balance, and a brush for cleaning the sieves.
The mechanical shaker ensures consistent and repeatable results by vibrating
the sieves and sample for a specified period. Accurate weighing of the
retained material on each sieve is crucial for reliable results (British
Standards Institution, 2009).

Following this, we present the results obtained from analyzing soil and
rock dust samples, along with a discussion on their significance in the
context of civil engineering projects. The results section includes graphical
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representations of particle size distribution curves for the samples tested.
These curves illustrate the gradation of the materials, highlighting the
percentage of fines, sand, and gravel present in each sample.

In the discussion, we interpret the implications of these findings for
various civil engineering applications. For example, a sample with a high
percentage of fines may require additional drainage measures or stabilization
techniques to ensure structural integrity. On the other hand, a well-graded
sample with a diverse range of particle sizes might be ideal for use in
constructing stable embankments and load-bearing structures (Bowles,
1992).

Overall, sieve analysis provides a fundamental understanding of
granular material properties, enabling engineers to make data-driven
decisions in the design and construction of civil infrastructure. Through
careful analysis and interpretation of particle size distribution data, civil
engineers can enhance the performance, safety, and longevity of their
projects (Murthy, 2002).

Materials and sample preparation

Soil samples were collected from the Kalyani site, and rock dust
samples were obtained from the Birbhum location. To eliminate moisture
content variations that could affect the results, all samples were oven-dried
for 24 hours before testing.

Apparatus

The experiment utilized a set of standard sieves with mesh sizes
conforming to the chosen standard (1S-2720(P-4) 1985). The specific sieve
sizes used in this experiment were 4.75mm, 2.36mm, 1.18mm, 0.600mm,
0.300mm, 0.150mm, 4.75micron, and 2.0mm. Additionally, a sieve shaker
was employed to facilitate the sieving process, ensuring efficient and
consistent separation of particles.
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Fig 1: Instrument used in the study (a) Sieve Shaker (b) Set of Sieve
Methodology and calculations

The following calculations were used to determine the particle size
distribution from the collected sieve data:

e Percentage retained: This value represents the portion of the
sample retained on a specific sieve. It is calculated using the
formula:

Percentage Retained = (Weight Retained on Sieve / Total Sample
Weight) x 100%

e Cumulative Percentage passing (finer): This parameter indicates
the percentage of particles smaller than a particular sieve size. It is
determined by subtracting the cumulative percentage retained from
100%.
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e Percentage passing: This value signifies the portion of the sample
passing through a specific sieve. It is calculated using the formula;

Percentage Passing = (Total Weight Below Current Sieve / Total
Sample Weight) x 100%

Results and Discussion
Sieve analysis of soil and rock dust

The results obtained from the sieve analysis performed on both the soil
and rock dust samples are presented in separate tables (Table 1 and Table 2).
The corresponding particle size distribution charts are depicted in Figures 1
and 2, respectively. These figures visually represent the gradation
(percentage) of various particle sizes within each sample.

Table 1: Sieve Analysis of Soil (As Per IS 2720, Part - 1V)

Type of material |50i| ‘
Weight of sample taken (W) | 300 l gm
0 o
Sieve Size | Wt. Retained | % Weight Cumullaﬂve = Cumulative %
Slno i weight : Remarks
Retained 5 Passing
Retained
(mm) (8ms) (%) (%) (%)
A 100 0 0.00 0.00 100.00 |GRAVELCONTENT(B-D) 0.12 %
B 75 0 0.00 0.00 100.00
(¢ 19 0 0.00 0.00 100.00 SAND CONTENT(D-G) 23.26 %
D 4.75 0.35 0.12 0.12 99.88
SILT & CLAY CONTENT
E 2.00 5.05 1.68 1.80 98.20 ©) 76.62 %
F 0.425 11.93 3.98 5.78 94.22
G 0.075 52.81 17.60 23.38 76.62
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76.62%

23.26%

0.12%

GRAVEL CONTENT (B - D) SAND CONTENT (D-G)  SILT & CLAY CONTENT (G)

Fig 1: Soil grade percentage
Table 4: Sieve analysis of rock dust (As Per IS 2720, Part - 1V)

Type of material Stone Dust
|Weight of sample taken (W) | 300 | gm
lati
Sieve Size | Wt. Retained | % Weight Sumy latlve ® Cumulative %
Slno K weight X Remarks
Retained : Passing
Retained
(mm) (gms) (%) (%) (%)
A 100 0 0.00 0.00 100.00 |GRAVELCONTENT(B-D) 4.44 %
B 75 0 0.00 0.00 100.00
€ 19 0 0.00 0.00 100.00 SAND CONTENT (D-G) 82.13 %
D 4.75 13.31 4.44 4.44 95.56
SILT & CLAY CONTENT

E 2.00 70.83 23.61 28.05 71.95 @) 1343 %
F 0.425 120.04 40.01 68.06 31.94
G 0.075 55.53 18.51 86.57 13.43
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GRAVEL CONTENT (B - D) SAND CONTENT (D-G) SILT & CLAY CONTENT (G)

82.13%

Fig 2: Rock dust grade percentage

As observed from the data and figures, the soil sample exhibits a
significantly higher percentage of silt and clay particles (76.62%) compared
to the rock dust sample (13.43%). Conversely, the rock dust sample
demonstrates a considerably higher proportion of sand particles (82.13%)
compared to the soil sample (23.26%). This variation in particle size
distribution highlights the distinct characteristics of these two materials.

90.00%
T 80.00% A
T 70.00% // \\ //
Y 50.00% / \ /
o
g 50.00% 7 X
£ 40.00% 7 4 N
8 30.00% 7 — N
&  20.00% = \
10.00% /=
0.00%
GRAVEL SAND SILT & CLAY
CONTENT CONTENT CONTENT
\—sou 0.12% 23.26% 76.62%
\—STONE DUST 4.44% 82.13% 13.43%

Fig 3: Rock dust grade percentage

Significance in civil engineering

In civil engineering, particularly highway construction, the sub-base
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material plays a critical role. Improper compaction and gradation (particle
size distribution) of this layer can lead to severe consequences, including
cracking, moisture absorption, and ultimately, structural failure. The
functional performance of soil is governed by several factors, including
compaction, water content, particle size distribution, and overall strength.
Understanding these factors is essential for selecting appropriate materials
and ensuring optimal performance in infrastructure development. The
current study paves the way for further investigations into the potential for
improving the bearing capacity of weak soils through partial replacement
with rock dust, a technique frequently employed in various civil engineering
applications.

Conclusion

Sieve analysis is a valuable tool for characterizing the particle size
distribution of granular materials used in civil engineering projects. The
information obtained from this analysis aids in selecting suitable materials
for specific applications and ensures optimal performance in infrastructure
development. This study demonstrates the distinct particle size distributions
of soil and rock dust samples. The soil sample possessed a higher percentage
of fines (silt and clay), while the rock dust sample contained a greater
proportion of sand particles. This understanding of particle size distribution
is crucial for selecting appropriate materials in various civil engineering
applications.

Future research

This research lays the groundwork for further investigations into the
potential of utilizing rock dust for improving the bearing capacity of weak
soils. Here are some potential areas for future exploration:

e Mixing ratios: Experimenting with different mixing ratios of soil
and rock dust to determine the optimal combination for enhancing
bearing capacity.

e Strength testing: Conducting compression tests or other relevant
strength tests on samples prepared with varying soil-rock dust
mixtures to quantify the improvement in bearing capacity.

e Geotechnical properties: Evaluating the impact of rock dust
incorporation on other geotechnical properties of the soil, such as
permeability and susceptibility to erosion.

By investigating these aspects, future research can establish a more
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comprehensive understanding of the effectiveness of rock dust in fortifying
weak soils and its potential applications in civil engineering projects.
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Chapter - 2

Plasticity and Free Swell Characteristics of Soil and Stone
Dust

Santanu Karmakar, Arbaz Ali, Ashes Banerjee and Subhabrata Mondal

Abstract

This study explores the geotechnical properties of soil and stone dust,
focusing on plasticity and free swell behavior, which are critical factors
influencing their performance in civil engineering applications. The
investigation employs standard procedures outlined in IS codes (IS 2720
(Part 5), 1985 and IS 2720 (Part 40), 1977) to determine the liquid limit
(LL), plastic limit (PL), and free swell index (FSI) of both materials. The
results reveal significant differences in these properties between soil and
stone dust, highlighting their varying suitability for specific civil engineering
projects. By understanding these fundamental geotechnical characteristics,
engineers can make informed decisions regarding material selection and
optimize construction practices. This research contributes to the selection of
appropriate materials for various civil engineering applications, promoting
safe, efficient, and cost-effective infrastructure development.

Keywords: Soil, stone dust, plasticity, free swell index, geotechnical
properties, civil engineering.

Introduction

In the realm of civil engineering, the successful execution of projects
hinges critically on the behavior of granular materials, such as soil and rock
dust. These materials serve as the bedrock for various structural elements
within civil infrastructure, forming foundations, embankments, and essential
components (Das & Sivakumar, 2015). Their inherent properties,
particularly the distribution of particle sizes, exert a profound influence on
factors like stability, drainage efficiency, and the overall bearing capacity
(Yoon & Santamarina, 2002). For instance, soil with a high concentration of
fines (silt and clay particles) can exhibit poor drainage characteristics. This
arises due to the reduction in pore spaces within the soil matrix, potentially
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leading to waterlogging and subsequent structural issues (Koerner, 1994).
Conversely, well-graded materials, characterized by a mix of various particle
sizes, often demonstrate superior performance. The interlocking nature of
these diverse particle sizes enhances the overall strength of the material and
allows for improved water permeability (Feng et al., 2018).

Understanding and quantifying particle size distribution are paramount
for selecting appropriate materials in civil engineering applications. Sieve
analysis emerges as a reliable and standardized technique (ASTM D422-63,
2007) for achieving this objective. This method offers a valuable tool by
providing a detailed breakdown of the various particle sizes present within a
granular material sample. By meticulously analyzing this distribution, civil
engineers gain crucial insights into the material's suitability for specific
project requirements. The subsequent sections of this paper delve into the
specifics of sieve analysis, outlining the experimental procedure, the
necessary apparatus, and the employed calculation methods. Following this,
we will present the results obtained from analyzing soil and rock dust
samples, along with a comprehensive discussion on their significance within
the context of civil engineering projects. By exploring the impact of particle
size distribution on the performance of granular materials, this research aims
to contribute to the selection of optimal materials for various civil
engineering applications, ultimately promoting the development of safe,
efficient, and cost-effective infrastructure.

Methodology

This section details the experimental procedures employed to evaluate
the plasticity characteristics (liquid limit, plastic limit, and plasticity index)
and free swell index of the collected soil and stone dust samples. All tests
were conducted in accordance with the relevant Indian Standard (IS)
specifications.

Plasticity characteristics

Plasticity is a crucial property of fine-grained soils, influencing their
behavior under load. It is quantified by the liquid limit (LL), plastic limit
(PL), and plasticity index (PI).

Liquid Limit (LL): The minimum water content at which the soil
exhibits flow behavior is defined as the liquid limit. It is determined using
the Casagrande cone penetration test (ASTM D4318, 2017).

Plastic Limit (PL): The minimum water content at which the soil
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crumbles when rolled into thin threads (diameter of 3 mm) is defined as the
plastic limit. A rolling device or a hand-rolling technique can be employed
for this test (ASTM D4318, 2017).

Plasticity Index (PI): The Pl is calculated using the following formula:
PI=LL-PL

Apparatus used

Balance (accuracy of 0.01 g)

Casagrande Liquid Limit Device (Fig. 1a)
Grooving Tool (Fig. 1b)

Mixing Dishes

Spatula

Electric Oven (maintained at 105°C + 5°C)
Squeeze Bottle with distilled water
425-micron IS Sieve

Sample preparation

Disturbed soil samples were collected from the Kalyani site, and
stone dust samples were obtained from Birbhum, West Bengal.

The samples where prepared following 1S 2720 (Part 5) 1985
(Fig.2). This involved air-drying the samples and sieving them
through a 425-micron IS sieve to remove any particles larger than
the specified size.

All organic materials like leaves and roots were meticulously
removed from the samples.

Liquid limit test procedure

1.

A portion of the prepared soil or stone dust sample (approximately
100 g) was placed in a mixing dish and thoroughly mixed with
distilled water to achieve a pasty consistency.

The sample was placed in the Casagrande liquid limit device (Fig.
1) and leveled with a spatula to create a flat surface with a groove in
the center.

The Casagrande cup was raised and dropped repeatedly at a rate of
two drops per second using a standardized mechanism. The number
of drops required for the groove to close along a distance of 10 mm
was recorded.
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4. This procedure was repeated with the sample at different water
contents until two consecutive readings within a range of 10 drops
were obtained.

5. The moisture content corresponding to the average of these two
readings was considered the liquid limit of the sample.

Fig 2: Sample preparations for plastic limit test
Calculation of liquid limit

The water content (W%) of the soil or stone dust sample at the liquid
limit was determined using the following formula:

W% = [(W2 - W3) / (W3 - W1)] x 100

where:

W1 = Weight of container + liquid (g)

W2 = Weight of container + liquid + wet sample (g)
W3 = Weight of container + liquid + dry sample (g)
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Plastic limit test procedure
1. A portion of the prepared soil or stone dust sample (approximately

20 g) was placed on a clean glass plate and mixed with distilled
water to obtain a moldable consistency.

2. The moist soil or stone dust was rolled out by hand or using a
rolling device (optional) on the glass plate, applying moderate
pressure to form a uniform sheet.

3. The sheet of soil or stone dust was continuously rolled and folded
until it reached a thickness of approximately 3 mm. Throughout the
rolling process, portions of the sample losing moisture were
discarded to maintain the required consistency.

4. Threads of approximately 3 mm in diameter were rolled out from
the soil or stone dust sheet. The rolling was continued until the
threads crumbled when attempting to roll them further.

5. The water content of the crumbled threads was determined by oven-
drying the sample at 105°C + 5°C for 24 hours and calculating the
moisture content using the same formula employed for the liquid
limit test.

Plasticity index calculation

The plasticity index (PI) for each sample was calculated using the
following formula:

PI=LL-PL

where:

e LL =Liquid Limit (%)

e PL =Plastic Limit (%)
Free swell index

The free swell index (FSI) signifies the increase in soil volume upon
immersion in water without any external pressure. A higher FSI indicates a
greater potential for swelling, which can be detrimental to civil engineering
structures. The FSI was determined following the guidelines outlined in IS
2720 (Part 40), 1977.

Apparatus used

Two 100-ml capacity graduated glass cylinders
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425-micron IS Sieve

Glass Rod for stirring

Balance with a capacity of 500 grams and a sensitivity of 0.01 gram

Sample preparation

Two test samples, each weighing approximately 10 grams, were
prepared from the oven-dried soil or stone dust passing through a 425-
micron IS sieve (Fig.3).

1.

One of the graduated cylinders was filled with 100 ml of distilled
water.

The other graduated cylinder was filled with 100 ml of kerosene oil.

Each prepared soil or stone dust sample was carefully poured into
the respective graduated cylinder containing either water or
kerosene oil.

A glass rod was used to gently stir the contents of each cylinder to
remove any trapped air. The initial volume occupied by the soil or
stone dust sample in each cylinder was recorded.

Both cylinders were allowed to stand undisturbed for a period of 24
hours to permit complete immersion and potential volume change
of the samples.

Calculation of free swell index

After 24 hours, the final volume occupied by the soil or stone dust
sample in each cylinder was recorded. The free swell index (FSI) was
calculated using the following formula:

FSI = [(Vd - VK) / VK] x 100

where:
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Fig 3: Sample preparation of FSI

Results

This section presents the findings obtained from the laboratory tests
conducted to evaluate the plasticity characteristics (liquid limit, plastic limit,
and plasticity index) and free swell index of the collected soil and stone dust
samples.

Free swell index

The free swell index (FSI) results for both soil and stone dust samples
are summarized below:

e Average Free Swell Index (%):
= Soil: 27.27%
= Stone Dust: 10.00%

These results are visually depicted in Figure 4 (Average Free Swell
Index Chart). As evident from the data, the soil exhibits a significantly
higher FSI compared to stone dust, indicating a greater potential for swelling
when saturated with water. This behavior can pose challenges in civil
engineering applications where the soil serves as a foundation material.
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Average Free Swell Index
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Fig 4: Average free swell index chart

Atterberg's limits
Soil

The liquid limit (LL), plastic limit (PL), and plasticity index (PI) for the
soil sample are summarized in Table 1 (Atterberg's Limits (Soil)). The
corresponding data is also presented graphically in Figure 5 (Liquid Limit

Chart (Soil)).
e Liquid Limit (LL): 32.50%
e  Plastic Limit (PL): 21.12%
e  Plasticity Index (PI): 11.38%

Table 1: Atterberg's limits [As per IS 2720, (Part-V)]

Type of material Soil

Liquid Limit Plastic Limit
Determination No. 1 2 3 4
Container No. 18 19 20 21 22 23
Empty Wt.of Container (W1) gm 16.49 13.12 15.45 15.59 15.47 18.61
Wit.of Container and Wet material (W2) gm 36.84 33.46 37.15 35.25 29.14 31.06
Wt.of Container and Dry material (W3) gm 32.54 28.77 31.52 29.72 26.81 28.84
Wt.of Moisture (W4=W2-W3) gm 43 469 5.63 5.53 2.33 222
Wt.of dry material (W5=W3-W1) gm 16.05 15.65 16.07 14.13 11.34 10.23
Moisture Contentw = 100 x W4/W5 % 26.79 29.97 35.03 39.14 20.55 21.70
No of Blows 32 28 22 17 Avg 21.12
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4 LIQUID LIMIT CHART
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Fig 5: Liquid limit chart (Soil)
Stone dust

The liquid limit (LL) results for the stone dust sample are presented in
Table 2 (Atterberg's Limits (Stone Dust)) and Figure 6 (Liquid Limit Chart

(Stone Dust)).

Table 2: Atterberg's Limits (by cone penetrometer) [As per IS 2720, (Part-V)]

Type of material ‘

Stone Dust
Liquid Limit Plastic Limit
Determination No. 1 2 3 4
Container No. 17 30 3 21
Empty Wt.of Container (W1) gm 15.34 13.29 13.68 15.59
Wt.of Container and Wet material (W2) gm 44.52 39.9 46.86 49.8 NA
Wt.of Container and Dry material (W3) gm 39.63 34.81 39.52 41.75
Wt.of Moisture (W4=W2-W3) gm 4.89 5.09 734 | 8.05
Wt.of dry material (W5=W3-W1) gm 24.29 21.52 2584 | 26.16
Moisture Content w = 100 x W4/W5 % 20.13 2365 28.41 30.77
Penetration 15 18 2 | 24 |

It is important to note that the plastic limit (PL) and plasticity index (PI)
are not applicable (NA) for stone dust because it exhibits non-plastic

behavior.

e Liquid Limit (LL): 26.00%
e Plastic Limit (PL): Not Applicable (NA)
e Plasticity Index (PI): Non-Plastic (NP)

Page | 23



ISBN:

40

LIQUID LIMIT CHART

35 |

w
S

N
o

% Moisture content

n
S

25 30

20 5
Penetration

Fig 6: Liquid limit chart (Stone dust)

A comparative analysis of the Atterberg's limits for both soil and stone
dust is presented in Figure 7 (Atterberg's Limits Chart (Soil + Stone Dust)).
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32.50% 21.12% 11.38%

Stone Dust

26% 0 0

Fig 7: Atterberg’s limit chart (Soil + Stone Dust)

This chart clearly illustrates the contrasting behavior of the two
materials. Soil exhibits a measurable plasticity index, indicating its ability to
deform plastically within a certain moisture content range. Conversely, stone
dust exhibits non-plastic behavior, with a negligible or no plastic range.

These findings suggest that the soil sample possesses moderate
plasticity, while the stone dust is essentially non-plastic. This information is
crucial for selecting suitable materials in various civil engineering projects.
For instance, soils with high plasticity may not be ideal for foundation
construction due to potential swelling and shrinkage problems.
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Conclusion

This research investigated the geotechnical properties of soil and stone
dust samples, focusing on plasticity characteristics (liquid limit, plastic limit,
and plasticity index) and free swell index. The findings highlight significant
differences between these materials, influencing their suitability for various
civil engineering applications.

The soil sample exhibited a moderate plasticity index (11.38%) and a
relatively high free swell index (27.27%). This indicates the soil's potential
for deformation and volume change upon exposure to moisture, which can
be detrimental in foundation construction or other applications requiring
dimensional stability.

In contrast, the stone dust sample displayed non-plastic behavior (no
measurable plastic limit or plasticity index) and a lower free swell index
(10.00%). This suggests minimal volume change and limited susceptibility
to deformation under varying moisture conditions.

By understanding these fundamental geotechnical properties, engineers
can make informed decisions regarding material selection for specific civil
engineering projects. For instance, stone dust, with its superior dimensional
stability, may be preferable for applications requiring a less expansive
material, while soil with moderate plasticity might be suitable for specific
purposes after proper stabilization techniques are employed.

This study emphasizes the importance of characterizing granular
materials like soil and stone dust before their utilization in civil engineering
projects. The knowledge gained from these evaluations contributes to the
selection of optimal materials, promoting safe, efficient, and cost-effective
infrastructure development.
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Chapter - 3

Compaction Characteristics of Soil and Stone Dust: An
Investigation into Civil Engineering Applications

Santanu Karmakar, Swagata Das and Ashes Banerjee

Abstract

This research provides a comprehensive investigation into the
compaction characteristics of soil and stone dust samples, with a focus on
their implications for civil engineering applications. The study employs the
Modified Proctor Compaction Test to evaluate the maximum dry density
(MDD) and optimum moisture content (OMC) for optimal compaction. It
explores the individual compaction behavior of soil and stone dust, as well
as the effects of incorporating stone dust into the soil sample at varying
ratios. The findings contribute valuable insights into the selection and
modification of materials for achieving optimal compaction in construction
projects, leading to improved infrastructure stability, durability, and cost-
effectiveness. Furthermore, the results contribute to the growing body of
research on the utilization of waste products like stone dust in civil
engineering applications, promoting environmentally conscious construction
practices. The methodology includes detailed experimental procedures and
data analysis, and the results and discussion section presents the findings
from the Modified Proctor Density Tests conducted on soil, stone dust, and
various soil-stone dust mixtures. The research concludes that the
incorporation of stone dust into soil samples can significantly influence their
compaction characteristics, offering potential benefits for cost-effective and
sustainable construction practices.

Keywords: Soil compaction, stone dust, civil engineering, modified proctor
compaction test, infrastructure stability, sustainable construction practices.

Introduction

Soil compaction is an essential process in civil engineering, directly
influencing the stability and performance of various infrastructure projects,
including foundations, embankments, roads, and dams (Das, 2018). A well-
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compacted soil layer possesses superior strength, lower permeability, and
enhanced resistance to settlement and deformation (Nelson & Nelson, 2015).
Understanding the compaction behavior of soils is critical for selecting
suitable materials and optimizing compaction procedures to achieve the
desired engineering properties (Koerner, 2016). Improper compaction can
lead to a multitude of problems, including excessive settlement, cracking,
and even structural failure (Hausmann, 1990).

This research investigates the compaction characteristics of soil and
stone dust samples obtained from designated locations in West Bengal,
India. The Modified Proctor Compaction Test, a standardized method
outlined in IS 2720 (Part VIII) B, serves as the primary tool for evaluating
the maximum dry density (MDD) and optimum moisture content (OMC) for
optimal compaction. The MDD represents the highest dry density achievable
for a given soil at a specific compactive effort, while the OMC signifies the
moisture content at which this MDD is attained (1S 2720 (Part VI111), 1980).

The study explores not only the individual compaction behavior of soil
and stone dust but also delves into the effects of incorporating stone dust into
the soil sample at varying ratios. Stone dust, a by-product generated during
the crushing of rocks, has garnered increasing interest as a potential modifier
for influencing soil properties (Shahin, 2005). By analyzing the MDD and
OMC variations across these mixtures, the research aims to assess the
potential of stone dust as a modifier to influence the compaction properties
of soil for civil engineering applications. Understanding how stone dust
affects compaction characteristics can provide valuable insights for its
potential use in cost-effective and sustainable construction practices.

The findings of this investigation contribute valuable insights into the
selection and modification of materials for achieving optimal compaction in
construction projects. This knowledge can lead to improved infrastructure
stability, durability, and cost-effectiveness. Furthermore, the results can
contribute to the growing body of research on the utilization of waste
products like stone dust in civil engineering applications, promoting
environmentally conscious construction practices.

Methodology

This section details the experimental procedures employed to evaluate
the compaction characteristics of the collected soil and stone dust samples,
along with various soil-stone dust mixtures (Fig.1). The Modified Proctor
Compaction Test was chosen as the standard for this investigation due to its
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applicability in simulating the compaction achieved by heavy construction
equipment in field applications. The test procedures adhered to the
guidelines outlined in IS 2720 (Part VIII).

(© (d)
Fig 1: (a) The raw soil (b) sample preparation (c) St proctor mould (d) sample preparation of st
proctor test
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Modified proctor compaction test
Preparation of Samples:

1. Anoven-dried soil sample was obtained from the Kalyani site.
2. Stone dust samples were collected from Birbhum, West Bengal.

3. Both soil and stone dust samples were sieved through a 4.75-mm IS
sieve to eliminate any particles exceeding the designated size.

Moisture content variation

Portions of the prepared soil and stone dust samples were weighed and
then mixed with varying amounts of distilled water to create a range of
moisture contents. The initial water content estimations were adjusted based
on the observed behavior of the materials during mixing.

Compaction

The moistened soil or stone dust samples were compacted within a
standard Proctor mold using the specified compactive effort of the Modified
Proctor Test. This involves employing a 2.6 kg rammer with a drop height of
18 inches for a predetermined number of blows per layer.

Density measurement

1. The weight (W) of the compacted soil or stone dust in the mold was
measured after each compaction stage.

2. The volume (V) of the mold is constant and known.

3. The bulk density (pb) of the compacted material was calculated
using the following formula:

pb =W /V (g/cmd)

4. A small sample of the compacted soil or stone dust was collected
from each layer for moisture content determination.

5. The collected samples were oven-dried at 105°C + 5°C for 24
hours.

6. The moisture content (W%) of each sample was determined by
calculating the weight difference before and after oven-drying.

7. The dry density (pd) of the compacted material was calculated
using the following formula: pd = pb / (1 + W%) (g/cm3)
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Data analysis

The dry density (pd) values obtained for each moisture content level
were plotted against their corresponding moisture content (W9%) values. This
generated a compaction curve for the tested material (soil, stone dust, or
mixture). The peak of this curve represents the maximum dry density
(MDD), and the moisture content at this peak signifies the optimum moisture
content (OMC) for achieving optimal compaction.

Compaction of soil-stone dust mixtures

The influence of incorporating stone dust into the soil sample on
compaction characteristics was investigated. Three separate mixtures were
prepared by dry weight blending the soil with stone dust at ratios of 15%,
25%, and 35%. The Modified Proctor Compaction Test was conducted on
each mixture following the same procedures described above for individual
soil and stone dust samples. The MDD and OMC values for each mixture
were determined and compared to those of the original soil sample.

Results and discussion

This section presents the findings obtained from the Modified Proctor
Density Tests conducted on soil, stone dust, and various soil-stone dust
mixtures, following the guidelines outlined in IS 2720 (Part-VI1II).

Materials
Soil

The results of the Modified Proctor Density Test for the soil sample are
summarized in Table 1 and visually represented in Figure 2. The test
revealed a maximum dry density (MDD) of 1.854 gm/cc at an optimum
moisture content (OMC) of 11.70%. As depicted in Figure 26, the dry
density of the soil increases with increasing water content up to the OMC
point. Beyond this point, further water addition leads to a decrease in dry

density due to the presence of excess water in the voids, hindering effective
particle packing.
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Table 1: Modified proctor’s density test [As per IS 2720, (Part-VIII)]

Type of material | SoIL
8 [Mould No. :- | 3 ‘Wt‘of mould (A) = 4654 ’ gm |Volume of mould (V)= 1000 | cc
C [Trial No. | Il n v v vil vil
D |Wt.of wet sample + mould. gm 6512 6604 6678 6730 6702
E |Wt.of wet sample (E = D-A). gm 1858 1950 2024 2076 2048
F |Wet density of sample (F = E/V). gm/cc 1.86 1.95 2.02 2.08 2.05
G |Container No. 45 1 22 34 47
H |Wt.of Empty container. gm 52.08 51.62 42.93 42.27 44.28
| |Wt.of wet sample+Cont. gm 200.40 199.28 193.08 191.99 191.63
J [Wt.of dry sample+Cont. gm 191.85 188.09 179.22 175.53 172.96
K |Wt.of water(K=I-J). gm 8.55 11.19 13.86 16.46 18.67
L |Wt.of dry sample(L=J-H). gm 139.77 136.47 136.29 133.26 128.68
M |Water content [M = 100X(K/L)]% 6.12 8.20 10.17 12.35 1451
N |Dry density[N=100x(F/(100+M))]. gm/cc 1.75 1.80 1.84 1.85 179
Modified Proctor's Density Test (Graphical view)
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M.D.D.= 1.854 gm/cc O.M.C.= 11.70 %

Stone dust

Fig 2: Modified proctor density test (Soil)

The results for the stone dust sample, presented in Table 2 and Figure 3,
demonstrate a higher MDD (2.235 gm/cc) compared to the soil, with an
OMC of 8.05%. Similar to the soil, the dry density of stone dust increases
with increasing water content until the OMC, followed by a decrease with

further moisture addition. This behavior can be attributed to the same

principle of reduced particle interaction and increased water film thickness at
higher moisture contents.
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Modified Proctor's Density Test (Graphical view)
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Fig 3: Modified proctor density test (Stone dust)
Soil-stone dust mixtures

The effects of incorporating stone dust into the soil sample at varying
percentages (15%, 25%, and 35%) were investigated through Modified
Proctor Density Tests. The detailed results for each mixture, including
MDD, OMC, and corresponding figures, are presented in Tables 3-5 and
Figures 4-6, respectively.

Table 2: Modified proctor’s density test [As per IS 2720, (Part-VIII)]

Type of material l Stone Dust
B |[Mould No. :- I 2 ]Wt.of mould (A) = 3930 [ gm |Volume of mould (V)= 1000 I o
C |Trial No. 1 I n v \' vi vil
D (Wt.of wet sample + mould. gm 6128 6225 6289 6343 6328
E |Wt.of wet sample (E = D-A). gm 2198 2295 2359 2413 2398
F |Wet density of sample (F = E/V). gm/cc 2.20 230 236 241 240
H |Wt.of Empty container. gm 50.40 51.96 41.12 53.98 53.20
| |Wt.of wet sample+Cont. gm 217.94 222.37 203.44 193.72 205.74
1 |Wt.of dry sample+Cont. gm 210.25 212.66 192.92 183.24 193.04
K |Wt.of water(K=I-J). gm 7.69 9.71 10.52 10.48 12.70
L |Wt.of dry sample(L=)-H). gm 159.85 160.70 151.80 129.26 139.84
M Water content [M = 100X(K/L)}% 481 6.04 6.93 8.11 9.08
N |Dry density[N=100x(F/(100+M))]. gm/cc 2.097 2.164 2.206 2232 2.198
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Table 3: Modified proctor’s density test [As per IS 2720, (Part-VIII)]

Type of material |

SOIL+ Stine Dust (85%:15%)

B |Mould No. :- | 3 |WtAof mould (A) = 4654 | gm [Volume of mould (V)= 1000 } cc
C |Trial No. 1 I m v v vil vil
D |Wt.of wet sample + mould. gm 6665 6743 6837 6890 6866
E |Wt.of wet sample (E = D-A). gm 2011 2089 2183 2236 2212
F |Wet density of sample (F = E/V). gm/cc 201 2.09 2.18 2.24 221
H [Wt.of Empty container. gm 52.76 53.28 45.87 52.49 50.46
I |Wt.of wet sample+Cont. gm 198.54 196.87 192.15 199.49 195.89
J |Wt.of dry sample+Cont. gm 195.88 191.76 183.86 188.85 182.75
K |Wt.of water(K=I-)). gm 2.66 5.11 8.29 10.64 13.14
L |Wt.of dry sample(L=)-H). gm 143.12 138.48 137.99 136.36 132.29
M |Water content [M = 100X(K/L)]% 1.86 3.69 6.01 7.80 9.93
N | Dry density[N=100x(F/(100+M))]. gm/cc 197 2.01 2.06 2.07 2.01
Table 4: Modified proctor’s density test [As per IS 2720, (Part-VIII)]
Type of material | SOIL + STONE DUST (75%:25%)
B [|[Mould No. :- Il 3 th.of mould (A) = 4654 | gm |Volume of mould (V)= 1000 I cc
C |Trial No. I n m v v v il
D [Wt.of wet sample + mould. gm 6670 6752 6853 6917 6883
E |Wt.of wet sample (E = D-A). gm 2016 2098 2199 2263 2229
F | Wet density of sample (F = E/V). gm/cc 2.02 2.10 2.20 2.26 223
H |Wt.of Empty container. gm 51.54 50.40 49.37 50.74 52.53
1 |Wt.of wet sample+Cont. gm 191.56 192.43 188.14 192.99 189.27
J |Wt.of dry sample+Cont. gm 188.67 187.39 180.26 182.28 176.99
K |Wt.of water(K=I-J). gm 2.89 5.04 7.88 10.71 12.28
L |Wt.of dry sample(L=)-H). gm 137.13 136.99 130.89 131.54 124.46
M | Water content [M = 100X(K/L)]% 211 3.68 6.02 8.14 9.87
N | Dry density[N=100x(F/(100+M))]. gm/cc 1.97 2.02 207 2.09 2.03
Table 5: Modified proctor’s density test [As per IS 2720, (Part-VIII)]
Type of material | SOIL + STONE DUST (65%:35%)
B |Mould No. :- | 3 |Wt.of mould (A) = 4654 ‘ gm  |Volume of mould (V)= 1000 | cc
C [Trial No. I 1} n \Y v Vil Vil
D |Wt.of wet sample + mould. gm 6694 6789 6869 6934 6902
E |Wt.of wet sample (E = D-A). gm 2040 2135 2215 2280 2248
F | Wet density of sample (F = E/V). gm/cc 2.04 2.14 2.22 2.28 2.25
H [Wt.of Empty container. gm 51.62 52.76 49.56 53.61 42.94
| |Wt.of wet sample+Cont. gm 194.05 189.57 190.03 194.65 190.16
J |Wt.of dry sample+Cont. gm 191.60 184.49 182.28 184.03 176.73
K [Wt.of water(K=I-J). gm 245 5.08 775 10.62 13.43
L |Wt.of dry sample(L=)-H). gm 139.98 13173 132.72 130.42 133.79
M Water content [M = 100X(K/L)]% 175 3.86 5.84 8.14 10.04
N [Dry density[N=100x(F/(100+M))]. gm/cc 2.00 2.06 2.09 211 2.04
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Modified Proctor's Density Test (Graphical view)
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Fig 4: Modified proctor density test (Soil & stone dust)
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A key observation across all the mixtures is an increase in MDD
compared to the original soil sample. The MDD values for the mixtures with
15%, 25%, and 35% stone dust content were 2.074 gm/cc, 2.093 gm/cc, and
2.111 gmlcc, respectively. This suggests that stone dust inclusion contributes
to a denser packing of particles within the mixture, leading to a higher
achievable MDD.

Interestingly, the OMC values for the mixtures exhibited a decreasing
trend with increasing stone dust content. The OMC values for the 15%, 25%,
and 35% stone dust mixtures were 7.75%, 7.60%, and 7.50%, respectively.
This can be explained by the lower water absorption capacity of stone dust
compared to soil. As the stone dust content increases in the mixture, less
water is required to achieve the same degree of saturation within the soil
particles, leading to a lower overall OMC for the mixture.

Figure 7 provides a comparative analysis of the MDD and OMC values
for all tested materials. This visual representation effectively summarizes the
observed trends.

7.80%
7.75% 7.75%
7.70%
7.65%
7.60% .60%
7.55%
7.50% 7.50% = OMC
7.45%
7.40%
7.35%

2.074 gm/cc 2.093 gm/cc 2.111gm/cc

SOIL+ Stone Dust | SOIL+ Stone Dust | SOIL+ Stone Dust
(85%:15%) (75%:25%) (65%:35%)

Fig 7: Modified proctor density test result (Compare between OMC & MDD)
Discussion

The experimental investigation highlights the potential of stone dust as a
modifier for improving the compaction characteristics of soil. The inclusion
of stone dust in the soil-stone dust mixtures resulted in a significant increase
in MDD compared to the original soil sample. This indicates the potential for
achieving denser and potentially stronger compacted layers in civil
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engineering applications when incorporating appropriate amounts of stone
dust.

However, it is crucial to consider the trade-off between MDD and OMC.
While MDD increases with increasing stone dust content, the OMC values
decrease. This may necessitate using a larger amount of water during
compaction in practical scenarios to achieve the desired workability of the
mixture. Using excessive water can be counterproductive, as it can lead to a
reduction in the achieved dry density and compromise the overall strength
and stability of the compacted soil.

Further research is recommended to explore the influence of particle
size distribution and gradation of both soil and stone dust on the compaction
behavior of their mixtures. Additionally, investigating the mechanical
properties (e.g., strength and permeability) of these compacted mixtures
would provide valuable insights into their suitability for various civil
engineering applications.
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Chapter - 4

Evaluating the Impact of Stone Dust on the California
Bearing Ratio (CBR) of Soil-Stone Dust Mixtures

Santanu Karmakar, Progoti Chakraborty and Ashes Banerjee

Abstract

The California Bearing Ratio (CBR) test is pivotal for evaluating
subgrade materials in construction. This study explores the influence of
stone dust on the CBR characteristics of soil-stone dust mixtures, aiming to
enhance subgrade stability and strength. Soil compaction is fundamental in
civil engineering, impacting infrastructure stability significantly. Stone dust,
a byproduct of rock crushing, holds promise as a soil modifier, particularly
in West Bengal, India. The research employs the Modified Proctor
Compaction Test to analyze the maximum dry density (MDD) and optimum
moisture content (OMC) necessary for optimal compaction. By varying
stone dust ratios in soil samples, the study assesses its potential as a modifier
for soil compaction properties. The findings contribute insights into material
selection and modification for achieving optimal compaction in construction
projects. Stone dust demonstrates potential as a cost-effective additive to
enhance soil engineering properties, especially in subgrade construction for
roads and pavements. The research underscores the need for further
validation through field testing and additional studies to explore broader
applications of soil-stone dust mixtures in geotechnical engineering projects.
This study aims to promote sustainable construction practices by optimizing
soil-stone dust mixtures for superior performance and longevity of civil
engineering structures.

Keywords: California Bearing Ratio (CBR), soil-stone dust mixtures,
compaction  characteristics, geotechnical  engineering,  sustainable
construction, subgrade materials.

Introduction

Soil compaction serves as a fundamental process in the realm of civil
engineering, intricately woven into the fabric of infrastructure development.
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It plays a pivotal role in shaping the stability and performance of critical
structures like foundations, embankments, roads, and dams (Das, 2018). A
well-executed compaction process yields a soil layer endowed with superior
strength, reduced permeability, and enhanced resistance to settlement and
deformation (Nelson & Nelson, 2015). Consequently, understanding the
nuances of soil compaction is paramount for selecting suitable materials and
optimizing compaction procedures to achieve the desired engineering
properties (Koerner, 2016). Conversely, the repercussions of improper
compaction practices can be dire, leading to a myriad of issues such as
excessive settlement, cracking, and even structural failure (Hausmann,
1990).

Against this backdrop, our research delves into the compaction
characteristics of soil and stone dust mixtures sourced from designated
locales in West Bengal, India. Stone dust, a byproduct generated during the
crushing of rocks, has captured increasing attention due to its potential as a
modifier capable of influencing soil properties (Shahin, 2005). Our study
aims to elucidate the capacity of stone dust to enhance the compaction
behavior of soil, thereby contributing to the development of denser and
potentially stronger compacted layers in various civil engineering
applications.

Central to our investigation is the utilization of the Modified Proctor
Compaction Test, a standardized methodology outlined in IS 2720 (Part
VIII), as the primary tool for evaluating the maximum dry density (MDD)
and optimum moisture content (OMC) requisite for optimal compaction (IS
2720 (Part VII), 1980). The MDD denotes the highest dry density
achievable for a given soil-stone dust mixture at a specific compactive effort,
while the OMC signifies the corresponding moisture content at which this
MDD is attained.

Our study ventures into the repercussions of incorporating stone dust
into soil samples at varying ratios on the MDD and OMC parameters.
Through a meticulous analysis of these variations, we endeavor to assess the
potential of stone dust as a modifier capable of influencing the compaction
properties of soil in diverse civil engineering applications. A comprehensive
understanding of how stone dust impacts compaction characteristics holds
promise for its potential utilization in fostering cost-effective and sustainable
construction practices.

The findings garnered from our investigation furnish valuable insights
into the selection and modification of materials to achieve optimal
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compaction in construction projects. This knowledge stands to enhance
infrastructure stability, durability, and cost-effectiveness, thus bolstering the
resilience of vital structures. Moreover, our results contribute to the
burgeoning body of research surrounding the utilization of waste products
such as stone dust in civil engineering endeavours, thereby promoting
environmentally conscious construction methodologies.

Methodology

The California bearing ratio is a test used to determine the shear strength
of soil under specific conditions of density and moisture content. This test is
conducted in accordance with IS 2720 (P-16) 1987. The soil must pass
through a 20mm sieve and be retained by a 4.75mm sieve. The soil sample is
obtained through sieve analysis and placed in a CBR mould. The sample is
filled in three steps and each layer is uniformly compacted with 55 blows.
The un-soaked CBR test is conducted immediately after the three-step filling
process, while the soaked CBR test is performed after four days of soaking.
The soil sample is soaked in water for four days as per IS specifications. The
load values observed from the dial gauge at penetrations of 2.5mm, 5mm,
7.5mm, 10mm, and 12.5mm provide important data for the test.

California bearing ratio is an experimental test that gives an indication
of the shear strength of soil, under control density and moisture content. This
test conduct as per IS 2720 (P-16) 1987. The soil should be pass through a
20mm sieve and retain 4.75 mm. This soil sample is collected by sieve
analysis and placed in a CBR mould. This sample fill in three steps and
uniformly ram each layer (55 blows). The un-soaked CBR performed
immediately after three steps filling material. But soaked CBR test will be
performed after four days of soaking. The soil sample placed in water for 4
days as per IS specification. Observed load values of sample from dial gauge
evidence regarding dial gauge concerning 2.5mm, 5mm, 7.5mm, 10mmand
12.5mm penetration.

Determine the CBR of soil (CBR%) = Pt/ Ps *100.
Pt= Penetration Load.
Ps= Standard Load.

Apparatuses used

The apparatus used in this study comprises a 150mm diameter
cylindrical mould, sieves, a rammer, mixing tools, a loading machine, and a
penetration piston. The cylindrical mould, with a diameter of 150mm, serves
as the container for soil samples during testing. Sieves are employed for
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separating soil particles to obtain the desired particle size distribution. A
rammer is utilized to compact soil layers uniformly within the mould,
ensuring consistent density throughout the sample. Mixing tools facilitate the
blending of soil and stone dust mixtures to achieve the desired compositions.
A loading machine applies vertical pressure to the penetration piston, which
penetrates the soil sample during testing. The penetration piston measures
the load values observed at various penetrations, providing crucial data for
the California Bearing Ratio (CBR) test. Together, these apparatuses enable
the accurate evaluation of soil-stone dust mixtures’ CBR characteristics
under controlled conditions, contributing valuable insights to geotechnical
engineering research.

(@)
Fig 1: Apparatus used in the study (a)CBR Testing Machine (b) CBR Mould

Result and discussion

The CBR values at 2.5mm and 5mm penetrations were documented for
each sample as follows: Sample 1 exhibited values of 4.60% and 4.82%
respectively; Sample 2 showed values of 5.04% and 5.45% respectively; and
Sample 3 displayed values of 5.89% and 5.45% respectively. According to
the CBR test protocol, the higher of these values was considered as the final
CBR value, resulting in final CBR values of 4.82%, 5.45%, and 5.45% for
Samples 1, 2, and 3 respectively.

For the stone dust under soaked conditions, the CBR values at 2.5mm
and 5mm penetrations were ascertained. Sample 1 yielded values of 24.74%
and 25.21% respectively; Sample 2 returned values of 24.96% and 25.30%
respectively; and Sample 3 exhibited values of 20.58% and 22.77%
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respectively. The final CBR values for stone dust were determined as
25.21%, 25.30%, and 22.77% for Samples 1, 2, and 3 respectively.

In the case of soil-stone dust mixtures, Sample 1 (85% soil and 15%
stone dust) displayed CBR values of 11.09% and 11.14% at 2.5mm and
5mm penetrations respectively; 10.73% and 10.80% respectively; and
11.31% and 11.48% respectively. The final CBR values for this mixture
were 11.14%, 10.80%, and 11.48%.

For Sample 2 (75% soil and 25% stone dust), the recorded values were
20.44% and 25.55% at 2.5mm and 5mm penetrations respectively; 21.90%
and 27.64% respectively; and 20.36% and 24.33% respectively. The final
CBR values for Sample 2 were 25.55%, 27.64%, and 24.33%.

Regarding Sample 3 (65% soil and 35% stone dust), the CBR values
obtained were 31.09% and 29.93% at 2.5mm and 5mm penetrations
respectively; 30.07% and 29.83% respectively; and 30.29% and 29.05%
respectively. The final CBR values for Sample 3 were 31.09%, 30.07%, and
30.29%.

Through our study, we observed a correlation between the percentage of
stone dust in the mixtures and the resulting CBR values. Notably, an increase
in the stone dust ratio led to higher CBR values, indicating improved
stability and bearing capacity of the sub-grade. Specifically, we observed a
significant increase in CBR values when the stone dust percentage increased
from 15% to 25%. This trend underscores the potential for enhancing the
quality and performance of sub-grade materials by optimizing the stone dust
content. These findings are depicted in Figure 2.

35.00%

30.00% - 30.49%
25.00% / 84%
20.00% /
15.00% /
11.14%

10.00%
5.00%

0.00%

SOIL+ Stone Dust  SOIL+ Stone Dust  SOIL+ Stone Dust
(85%:15%) (75%:25%) (65%:35%)

Fig 2: California bearing ratio test result [Compare between stone dust percentage &
CBR percentage]
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Conclusion

In conclusion, the California Bearing Ratio (CBR) tests conducted on
soil, stone dust, and their mixtures provided valuable insights into their
engineering properties and suitability for various applications. The results
revealed distinct trends in CBR values corresponding to different
compositions of soil and stone dust. For the pure soil samples, the CBR
values ranged from 4.82% to 5.89%, indicating their moderate to good
bearing capacity under specified conditions. In contrast, the stone dust
exhibited higher CBR values, ranging from 20.58% to 25.21%, suggesting
its potential as a stabilizing agent for sub-grade materials. Moreover, the
mixtures of soil and stone dust demonstrated varying CBR values, with
notable improvements observed with increasing proportions of stone dust.
Specifically, mixtures containing higher percentages of stone dust, such as
25% and 35%, exhibited significantly enhanced CBR values compared to
pure soil samples. This underscores the effectiveness of stone dust in
augmenting the strength and stability of soil matrices. Overall, the study
highlights the importance of stone dust as a cost-effective additive for
enhancing the engineering properties of soil, particularly in the construction
of sub-grade layers for roads and pavements. By optimizing the composition
of soil-stone dust mixtures, engineers can achieve superior performance and
longevity of civil engineering structures, thereby contributing to sustainable
infrastructure  development. Further research and field testing are
recommended to validate these findings and explore additional applications
of soil-stone dust mixtures in geotechnical engineering projects.
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Effect of Fine Sand on the Strength Properties of Laterite
Soil: A Geotechnical Investigation
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Abstract

The study explores the stabilization of lateritic soil by incorporating
varying proportions of fine sand (12%, 24%, 36%, and 48% by weight) to
enhance its engineering properties. Lateritic soils, commonly found in
tropical regions, often suffer from poor bearing capacity and high moisture
susceptibility, posing challenges for construction projects. Fine sand, readily
available and cost-effective, has been identified as a potential stabilizing
agent that can improve soil gradation and load-bearing characteristics. The
research involved a series of laboratory tests including Grain Size Analysis,
Free Swell Index, and Atterberg Limits to assess the impact of sand
stabilization on lateritic soil. The findings indicate that fine sand
incorporation reduces the plasticity and swelling potential of lateritic soil,
while enhancing its compaction and overall stability. Specifically, the
addition of fine sand significantly alters the soil's particle size distribution,
decreases its Free Swell Index, and lowers the Atterberg Limits, thereby
improving its geotechnical properties. This investigation demonstrates that
fine sand can effectively stabilize lateritic soil, making it more suitable for
use in foundation, roadway, and embankment construction. The optimal sand
proportions identified in this study provide a practical and economical
solution for soil stabilization, contributing to safer and more durable
infrastructure development in regions with prevalent lateritic soils. Further
research is recommended to validate these findings under various
environmental conditions and to explore the long-term performance of the
stabilized soil.

Introduction

Soil stabilization is crucial in geotechnical engineering, aiming to
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improve soil's physical properties for specific engineering requirements
(Das, 2006). This enhancement is essential for safe, durable, and cost-
effective construction of foundations, roadways, embankments, and other
infrastructure projects (Consoli et al., 2007). Lateritic soils, with high iron
and aluminum content, pose unique challenges due to their moisture
susceptibility and variable mechanical properties (Oluremi et al., 2012).
These soils, prevalent in tropical regions, often exhibit poor bearing capacity
and excessive swelling, leading to structural instability and significant
maintenance costs (Fredlund & Rahardjo, 1993).

Recent research has explored various materials and techniques for
lateritic soil stabilization. One promising approach involves incorporating
sand as a stabilizing agent (Shayan et al., 2016). Sand's ready availability
and cost-effectiveness make it attractive for improving the gradation and
load-bearing characteristics of lateritic soils (Michalowski & Rozanski,
2010). The granular nature of sand helps reduce plasticity, enhances
compaction, and improves the overall stability of the soil (Mooney et al.,
2017). However, determining the optimal sand proportions and their impact
on the stabilized soil's mechanical properties requires detailed investigation
for practical implementation in construction projects.

This study investigates the stabilization of lateritic soil using different
proportions of fine sand. The primary objective is to evaluate how the
strength properties of lateritic soil change with the addition of graded sand in
varying percentages (12%, 24%, 36%, and 48% by weight). The research
focuses on conducting a series of laboratory tests, including Grain Size
Analysis, Free Swell Index, and Atterberg Limits, to assess the impact of
sand stabilization on the engineering properties of lateritic soil. By
systematically analyzing these properties, the study seeks to provide insights
into the feasibility and efficiency of using sand as a stabilizing agent for
lateritic soils.

The findings of this research are expected to contribute significantly to
the field of soil stabilization, offering practical solutions for infrastructure
development in regions with prevalent lateritic soils. Enhanced
understanding of soil-sand interactions will aid in the design and
implementation of more robust and sustainable construction practices,
thereby mitigating the risks associated with poor soil conditions. This study
not only addresses the immediate need for improved soil stabilization
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techniques but also sets the stage for further research into innovative and
cost-effective methods for enhancing soil properties.

Collection & preparation of materials
Laterite

The natural reddish-brown soil designated as LAT used in the present
study was obtained from borrow pits in Kharagpur, Medinipur (West), West
Bengal, India. The samples were collected following the standard
specification 1S-2720 (Part-1)-1983. This fine-grained residual lateritic soil
was excavated using a spade and shovel from a depth of 400mm below the
surface to avoid humus and roots. The collected samples, shown in Fig. 1,
were placed in five cement bags and transported to the laboratory by public
transport for various tests. The soil was air-dried for seven days using Gl
trays in the laboratory. Subsequently, the red soil aggregates were carefully
broken up with a rubber mallet, and the soil was characterized by laboratory
tests as per Indian standards.

Fig 1: Preparation of lateritic soil samples
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Sand

In this study, the sand samples used to stabilize the natural lateritic soil
were collected from the near banks of the Ganges River, Kalyani, Nadia,
West Bengal, India. The samples were collected as per standard specification
IS-2720 (Part-1)-1983. The sand was excavated using a spade and shovel
from a depth of 400 mm below the riverbank surface, as shown in Fig. 9.
The samples were collected in five cement bags and transported to the
laboratory for various tests. In the laboratory, the sand was air-dried using Gl
trays and sieved through a 4.75 mm test sieve to ensure uniformity of
particle size and remove impurities.

Fig 2: Preparation of fine sand samples

Laboratory investigation

This study aims to bridge knowledge gaps in the field of laterite soil
stabilization using sand. Past research has demonstrated the potential of sand
as a stabilizing agent for laterite (e.g., Shayan et al., 2016). However, a
comprehensive understanding of the optimal sand content and its influence
on the mechanical properties of laterite-sand mixtures is still required.
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To address this gap, this research will investigate the strength properties
of laterite stabilized with graded sand at varying replacement percentages.
Specifically, laterite will be partially replaced with 12%, 24%, 36%, and
48% (by weight) of sand. The chosen sand percentages encompass a wide
range, allowing for the identification of a potential "sweet spot" between
maximizing the stabilizing effect and maintaining economic feasibility (sand
acquisition and transportation costs).

To achieve this objective, the following laboratory tests will be
conducted:

e Grain Size Analysis (GSA): This test determines the particle size
distribution of both laterite and sand. It is crucial for understanding
how well the two materials pack together, influencing factors like
density, porosity, and ultimately, the strength of the stabilized
mixture.

o Free swell index: This test measures the volume increase of laterite
soil when submerged in water. Lateritic soils are known for their
high swelling potential, which can compromise the stability of
structures built upon them. The Free Swell Index will help assess
how sand incorporation affects the swelling behavior of the laterite,
indicating its potential to mitigate this issue.

e Atterberg limits: These tests (Liquid Limit, Plastic Limit, and
Plasticity Index) quantify the plasticity characteristics of laterite
soil. Plasticity is undesirable in construction materials as it can lead
to excessive deformations and cracking. By measuring the
Atterberg Limits of laterite-sand mixtures, we can evaluate how
sand addition influences plasticity, potentially reducing the risk of
these problems.

The results of these tests will be analyzed to establish the relationships
between sand content, grain size distribution, swelling behavior, plasticity,
and ultimately, the strength properties of the stabilized laterite. This will
provide valuable insights into the effectiveness of sand stabilization for
lateritic soils and inform practical recommendations for geotechnical
engineering applications.

Grain size analysis (Sieve analysis)

In the realm of geotechnical engineering, grain size analysis, also known
as sieve analysis, reigns supreme as a foundational classification test for
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soils, particularly those dominated by coarse particles. This meticulous
procedure unveils the relative proportions of various sized particles residing
within a soil sample. By meticulously dissecting the soil's composition, grain
size analysis sheds light on whether the soil is primarily comprised of gravel,
sand, silt, or clay. This knowledge is instrumental in predicting the soil's
potential engineering behavior and suitability for various construction
projects.

The experiments conducted in this study strictly adhered to the
guidelines outlined in the IS code IS: 2720 (Part-4) - 1985. To ensure
accurate representation, a substantial sample of 6 kg of soil was oven-dried
to eliminate any moisture content that might influence the analysis.
Following this initial drying phase, the soil underwent a 24-hour submersion
period to facilitate the complete dispersion of individual particles, preventing
them from clinging together and skewing the results.

After the soaking process, the soil was strategically placed on a 75-
micron sieve, the finest mesh size used in the experiment. A gentle stream of
water then meticulously washed the soil, meticulously removing any
adhering fines that could distort the analysis. This washing step ensured a
more accurate representation of the actual particle size distribution. The
retained material on the 75-micron sieve was then subjected to a controlled
drying process within an oven for 24 hours, maintaining a precise
temperature range of 105 + 5°C.

Once the essential drying step was complete, the sieving process
commenced. A series of I.S. sieves, meticulously arranged in descending
order of mesh size, awaited the soil sample (Fig.3). The largest sieve,
boasting a mesh opening of 100mm, occupied the top position, while the 75-
micron sieve, the finest in the lineup, patiently waited at the bottom. The
prepared soil sample was then strategically placed on the topmost sieve,
ready for the sieving action. The sieves were then vigorously shaken,
ensuring a thorough separation of particles as they trickled through the
progressively finer mesh openings.

Following the sieving process, meticulous data collection commenced.
The weight of the material meticulously retained on each individual sieve
was scrupulously documented. This captured data provided a crucial
foundation for the analysis phase. To arrive at a comprehensive
understanding of the soil's composition, the percentage of the total sample
weight that passed through each sieve size was meticulously calculated. This
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calculation yielded the critical information - the percentage of particles
smaller than the corresponding sieve opening.

By meticulously analyzing the grain size distribution obtained from the
sieve analysis, we can glean valuable insights into the soil's behavior and
suitability for various engineering applications. This information plays a
pivotal role in the lateritic soil stabilization process using sand. The data
empowers us to comprehend how effectively the sand particles will interact
with the native soil particles, ultimately influencing properties like density,
porosity, and the most crucial factor - the strength of the stabilized mixture.
Understanding these interactions is paramount for achieving optimal results
in the lateritic soil stabilization process.

Fig 2: Testing of grain size analysis

Free swell index

The Free Swell Index test measures the increase in the volume of soil
without any external constraint when submerged in water, providing a
valuable assessment of the swelling characteristics of bentonite clay. The
experiments were conducted according to IS code IS: 2720 (Part-40)-1977
provisions (Fig.3). The objective of this test is to determine the free swell
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index of soils. The apparatus used includes a 425-micron IS sieve, an oven
controlled at a temperature of 105°C to 110°C, a balance sensitive to 0.01 g,
two 100 ml capacity glass graduated cylinders, distilled water, and kerosene.
The procedure involves taking two 10-gram oven-dry soil specimens passing
through a 425-micron IS sieve and pouring each specimen into separate 100
ml graduated cylinders. One cylinder is filled with kerosene and the other
with distilled water up to the 100 ml mark. After stirring the soil samples and
allowing them to settle for 24 hours, the final volume of the soils in each
cylinder is read.

Fig 3: Testing of free swell index

Atterberg limits

The Atterberg Limits tests determine the behavior of fine-grained soils
in the presence of water, including the Liquid Limit and Plastic Limit, which
help define the soil's consistency, plasticity, and adhesion properties. The
Liquid Limit is the moisture content at which soil transitions from the liquid
state to the plastic state, measured using either Casagrande’s apparatus or a
cone penetrometer. The experiments were conducted as per IS code IS: 2720
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(Part-5)-1985 provisions. For Casagrande’s apparatus, 120 g of soil passing
through a 425-micron sieve is weighed and made into a homogeneous paste,
placed in the cup, and a groove is cut. The handle is rotated at 2 revolutions
per second, and the number of blows until the groove closes is counted,
followed by determining the moisture content near the closed groove. For the
cone penetrometer, 400 g of soil passing through a 425-micron sieve is
weighed, mixed thoroughly, ensuring the first reading is around 15 mm,
filled in the cup with excess soil struck off, and the cone is released,
recording the penetration after 5 seconds. The moisture content is then
determined from the penetrated area.

Fig 4: Testing of liquid limit by casagrande’s apparatus
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Fig 6: Testing of plastic limit

Results
Index properties of fine sand

The index properties of the fine sand used in this study are crucial for
understanding its behavior and interaction with laterite soil. Table 1
summarizes these properties.
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Table 1: Index properties of fine sand

SI. No. Properties Value
1 Gravel Content (%) 0.00
2 Sand Content (%) 94.28
3 Silt & Clay Content (%) 5.72
4 Free Swell Index (%) 10.26
5 Liquid Limit (%) 25
6 Plastic Limit (%) NP
7 Plastic Index (%) NP
8 Maximum Dry Density (g/cc) 1.80
9 Optimum Moisture Content (%) 15.40
10 California Bearing Ratio (%) 12.80
11 Classification (as 1S-1498(1970)) SW-SM
12 Colour

The fine sand consists predominantly of sand particles (94.28%) with
minimal gravel and silt & clay contents. The Free Swell Index of 10.26%
indicates a moderate swelling potential. The liquid limit is 25%, and the soil
does not exhibit plasticity as indicated by the absence of a plastic limit and
plastic index. The Maximum Dry Density is 1.80 g/cc with an Optimum
Moisture Content of 15.40%. The California Bearing Ratio (CBR) value of
12.80% indicates moderate strength suitable for subgrade materials in
pavement constructions.

Sieve analysis of fine sand

The sieve analysis was conducted as per IS 2720 (Part 1V) standards,
and the results are detailed in Table 2.

SIEVE ANALYSIS OF FINE SAND [As Per IS 2720, (Part - 1V)]

Type of material - Fine Sand Weight of sample taken(W) = 500 gm.
. Cumulative % .
0 0
Sl Sieve Size Wt . % »Welght weight Cum_ulatlve % Remarks
no Retained Retained " Passing
Retained

(mm) (gms) (%) (%) (%)
A | 100 0 0 0 100 GRAVEL CONTENT (B - D) =0.00 %
B 75 0 0 0 100
c |19 0 0 0 100 SAND CONTENT (D - G) =94.28 %
D 4.75 0 0 0 100
E |2 0.42 0.084 0.084 99.916 SILT & CLAY CONTENT (G) = 5.72%
F 0.425 2.64 0.528 0.612 99.388
G 0.075 468.34 93.668 94.28 5.72
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Fig 7: Grain size analysis chart of fine sand

The sieve analysis shows that the fine sand is predominantly made up of
sand-sized particles, with 94.28% of the material passing through the 0.075
mm sieve, confirming its classification as SW-SM (Well-graded sand with
silt and clay).

Atterberg limits

The liquid limit was determined using the cone penetrometer method as
per IS 2720 (Part-V). The liquid limit chart for the fine sand is depicted in
Figure 18. The liquid limit of 25% indicates low plasticity, aligning with the
earlier finding that the soil is non-plastic (NP).

20 LIQUID LIMIT CHART(Fine Sand)
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Fig 18: Liquid limit chart of fine sand

The data indicates that the fine sand used in this study has a high sand
content and low fines, contributing to its classification as SW-SM. The
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absence of plasticity (NP) and the moderate Free Swell Index suggest that
the fine sand will have minimal volumetric changes upon wetting. The CBR
value of 12.80% demonstrates that this sand can provide sufficient strength
for subgrade applications in construction, although its strength might not be
adequate for higher load-bearing applications without stabilization.

The findings from the sieve and Atterberg limits analysis are consistent
and confirm that the fine sand is suitable for use in combination with laterite
soil to potentially improve its geotechnical properties. Further analysis and
tests should focus on the impact of mixing ratios on the strength and stability
of the composite soil material.

Conclusion

This study investigated the effect of fine sand on the strength properties
of laterite soil through various geotechnical tests. The fine sand used is
predominantly composed of sand-sized particles (94.28%) with minimal
gravel and silt & clay content (5.72%). It exhibits a low liquid limit of 25%
and does not display plasticity (NP), indicating minimal volumetric changes
upon wetting. The Maximum Dry Density of the sand is 1.80 g/cc with an
Optimum Moisture Content of 15.40%. The sand's California Bearing Ratio
(CBR) value of 12.80% indicates moderate strength suitable for subgrade
materials in pavement construction, while the Free Swell Index of 10.26%
suggests a manageable swelling potential. The sieve analysis classifies the
fine sand as SW-SM (Well-graded sand with silt and clay), consistent with
its high sand content and low fines. The liquid limit test reaffirms the sand’s
low plasticity, supporting its suitability for geotechnical applications where
minimal plasticity is desired.

The results suggest that incorporating fine sand into laterite soil can
potentially improve its geotechnical properties, particularly in terms of
strength and stability. The fine sand’s characteristics, such as high sand
content, non-plastic nature, and moderate CBR value, indicate that it can
enhance the load-bearing capacity and reduce the plasticity of laterite soil.
Further research is recommended to explore the optimal mixing ratios of fine
sand and laterite soil to maximize the strength and stability of the composite
material. Additionally, long-term performance studies under varying
environmental conditions would provide valuable insights into the practical
applications of this soil improvement technique. In conclusion, the
integration of fine sand into laterite soil shows promising potential for
improving its geotechnical properties, making it a viable option for
construction projects requiring enhanced soil strength and stability.
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Chapter - 6

A Review on Stone Columns Used for Ground Improvement
of Soft Soil

Partha Adak and Avishek Adhikary

Abstract

Stone columns are repeatedly used for the stabilization of soft soils. The
use of stone columns is increasing daily for the support of different
structures. Stone columns improve soft soils’ settlement and bearing capacity
in a reasonable fare and are friendly towards the environment. In the present
paper, a review analyses the behaviour of stone columns used in different
types of constructions, such as oil storage tanks, embankments, buildings,
etc. The consequence of the absence of encased and encased stone columns
in several types of construction is studied. The effect of various diameters
with various depths in the ground was also reviewed. Different types of
geosynthetics are used for the encasement to improve the results. Several
numerical and physical approaches are used to predict the settlement of
foundations reinforced with stone columns. This paper deals with several
theories from the past to the present that help understand the enhancements
of stone columns in boosting soft soils. In the development of geotechnical
properties, physical modelling plays an important role.

Keywords: Stone column, ground improvement, geosynthetics, soft soils.
Introduction

Ground improvement techniques are used to improve and alter poor
ground conditions so construction can economically meet project
performance requirements. The high cost of conventional foundations
coupled with environmental concerns has made the development of week
soil deposits necessary. Out of various techniques, stone columns are
trending to improve the weak strata. Based on past experiences, the stone
column design is still empirical and always needs field trials before
execution. Stone columns are significant in soil stabilization and are ideally
welcome to improve soft clays, silts and loose silty sands. They provide a
cost-effective method for ground improvement. As India is a developing
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country, it requires more land for infrastructure development. For
construction, the availability of land is depleted; hence, it is necessary to
develop soil with low shearing strength, bearing capacity, and high
compressibility. Stone columns work more effectively in large areas of
stabilization of soil mass. The column rapidly drains the excessive pore
water pressure on the load application. Stone columns behaved as rigid
elements to carry higher shear stresses to reduce settlement and improve soft
soil’s deformability and strength properties. Stone column techniques have
proved successful in improving the stability of slopes, increasing the bearing
capacity, reducing the differential and total settlements, reducing the
liquefaction property of sands and increasing the settlement time. This
method was initiated in France in 1830*s and has been widely used,
especially in Europe, since 1950%s. The column consists of compacted
pebbles or crushed stones compacted by a shaker. This paper aims to review
the studies from the past to the present done on the stone columns used for
ground reinforcement. Hughes et al. (1975) predicted the load settlement
relationship of a single stone column in soft clay for plate loading. The Vibro
replacement method is used for column construction. The paramount column
load depends on the angle of friction generally used to cast the column, the
column’s size and the clay’s restraint on the uncemented gravel. The stress-
strain data to predict the load settlement curve for the clay was obtained
from a Cambridge pressure meter. The prediction is excellent if the load is
delivered from the column to clay through side shear with the correct column
size. The important factor for estimating ultimate load and settlement
characteristics is the estimation of accurate column diameter. The bearing
capacity of the natural soil is improved. Gneil and Bouazza (2009) analyzed
the behaviour of geogrid-encased columns using a small-scale model column
test. The tests investigate the behaviour of the partially encased columns
with geogrid to a fully encased column by varying the encasement length.
For both isolated and group columns, the outcome of the partly encased
column specified a firm lowering in upright strain with enriched encasement
length. Bulging failure was discovered directly below the encasement. An
impressive increment in stiffness followed by depletion in column strain was
obtained for completely encased columns, with 80% strain reduction.
Keykhosropur (2012) studied the effect of varying the encasement length by
a 3D numerical approach on groups. The determination of settlement and
lateral deformations are compared with a group of fully encased columns.
Through modelling, the GEC’s behaviour was calibrated and used to
reclamate the field for the project in Hamburg, Germany. To scrutinize the
effects such as geosynthetic encasement stiffness, the column diameter,
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elasticity modulus and friction angle, and column stuff on the overall
characteristics of the GEC group carried out. To provide an optimal design,
the outer columns encasement is sufficient. For the internal friction angle of
column stuff, the performance of GECs"s is less sensitive. Regarding group
behaviour, the elasticity modulus of the column stuff has less effect. Ali et
al. (2012) performed the model test on different depths of stone columns, i.e.
short, floating and fully penetrated columns with and without reinforcement.
Due to several configurations and reinforcements, there is a subtle difference
in the column appearance in failure mode. They concluded that providing the
encasement is the ideal way for end-bearing columns. At the same time,
there is not much variation for floating columns on the horizontal strip
reinforcement, and encasement was shown. The stone column was installed
at the centre of the large tank, and the footing load was applied via sand mat
in a controlled temperature and humidity. They analyzed that the floating or
end bearing (reinforced or unreinforced) stone columns always fail by
bulging while short columns fail by punching. In end-bearing stone columns,
geogrid gives more improved results than geotextile for a couple of
reinforcements, while in floating columns, geogrid is superior to the levelled
strip; however, geotextile is the encasement. Elsawy (2013) analyzed
numerically the behaviour of completely reinforced and unreinforced clay
and geogrid-encased stone columns beneath embankment loading.
Consolidation analysis is applied to investigate the behaviour of the clay.
The foundation’s excess pore water pressure reduction increases, thus
increasing bearing capacity. More improvement takes place in encased stone
columns. Also, analyze that the stress concentration generated contributes
significantly in stone columns to the acceleration of soil consolidation.
Indraratna (2013) adopted the free strain behaviour and considered clogging
and arching by finite difference method to analyze soft soil embankment
braced with stone columns. The model presented is demonstrated by
differentiating the existing models and field data to specify the accuracy of
the solutions. Ali K et al. (2014) analyzed the failure stress on long floating
and end-bearing single and group of columns with and without
reinforcement due to several reinforcement types. The exhumed deformed
column shapes are used to find the failure pattern for different reinforcement
types. It was concluded that geogrid was the best type of reinforcement for
end-bearing columns. Geogrid and geotextile were equally good for
horizontal reinforcement and encasement for floating columns. Almeida et
al. (2015) analyzed the instrumentation and behaviour result for
embankment tested for soft soil using geotextile encased granular columns
with the total applied embankment stress approx 150kPa having 5.35m
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height tested. The construction of the embankment was carried out in 4
stages in 65 days. The surplus pore pressure, settlements, surface
perpendicular stress and radial distortion of the geotextile encasement were
measured in soft soil and encasement. They studied differences in settlement
and stress concentration between the upmost of the encased column and the
soft soil. They concluded that by desirable pore water pressure, the
differential settlement increases as embankment height increases. The
vertical stress carried by the column was twice the stress imparted to the soft
soil due to the arching of the soil. As the consolidation progressed, the
vertical stress on the encased column improved. Baruah and Sahu (2016)
compared the load versus settlement response with silty clay beds reinforced
with stone columns with different aggregate mixes at different depths, with
and without encasement. The plate load test was carried out in a large
rectangular tank on a single column. He investigated by mixing different
aggregates and varying the aggregate size in the stone column. From the
results obtained, silty clay bed load carrying capacity improved and
settlement was reduced. Hong et al. (2016) studied the effects of encasement
strength and stiffness through the model test on the individual geotextile-
wrapped granular column fixed in soft soil. The experimental values showed
the bearing capacity of casted sand columns improved by wrapping even
when rupture occurs. Sand columns wrapped with geotextiles of moderate to
extreme stiffness marginal improvement is achieved. With low stiffness
geotextile encasement, in the top 2.5D depth, bulging of the wrapped sand
column occurs. In contrast, along the height of the column, high-stiffhess
geotextile encased sand columns exhibit uniform lateral deformation. An
analytical solution using cavity expansion theory casts the bearing stresses of
the encased columns. Mohapatra et al. (2017) analyzed the three-
dimensional numerical analysis of geosynthetic encased granular columns
carried out in model and prototype scale by FLAC3D software. The soil is
reinforced with two individual diameters of granular columns, i.e. 50mm and
100mm, in three different arrangement patterns (single, triangular and
square) in the direct shear box to examine the effect of group confinement.
Numerical simulations were done at a series of four pressures, i.e. 15, 30, 45,
and 75 KPa. The results found that the tensile forces were mobilized in both
vertical and circumferential directions in geosynthetic encasement. In the
granular column, this helps in mobilizing the additional confinement. Cengiz
and Guler (2018) evaluated and compared the conventional and geosynthetic
wrapped stone columns throughout seismic action placed in a clay bed in a
massive rectangular tank. The setup is placed on a large-scale shaking table
test (1-g model test) with surcharge loads applied to encourage the seismic
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behaviour of columns for embankment supports. The water-resistant strain
gauges are used to measure strain throughout the experiment. Three different
types of non-woven geotextiles are used, namely, TencatePolyfelt TS10
(deputed as GT1), Sefitec PP50 (GT2) and Stabilenka 100 (GT3)
respectively. The extent of the seismically developed horizontal strains
depends on the stiffness of the encasement. It is observed that gravel-infilled
stone columns lowered the settlement more efficiently than sand-infill during
earthquakes. Geotextile-wrapped stone columns showed supercilious results
compared to conventional stone columns for static and seismic loading.
Ghazavi et al. (2018) performed laboratory tests on encased and horizontally
encased stone columns (HRSCs) of 60, 80 and 100 mm diameters and 60
mm diameters in groups of stone columns. The bearing capacity increases
while lateral bulging is reduced by interlocking and frictional effects with
infill aggregates. The optimum spacing across reinforcing sheets in HRSCs
is Sr= 0.25D. In the case of vertically encased columns (VESCs), the
increase in the diameter of columns encasement effect reduces and vice versa
in HRSCs. Numerically examined, increasing horizontal layers and reducing
the spacing between layers’ bearing capacity increased.

Codal provision for settlement computation

There are various theories for analyzing settlement in stone columns. In
this, the IS method (IS 15284 Part I, 2003) is discussed: Settlement of
ground treated may be estimated by using the Reduced Stress Method based
on stress concentration factor ,,n", the replacement ratio ,,as“, Settlement ,,s*
of a stone column. Reinforced soil can be written as

S=BAomvH (1)
Where mv = coefficient of volume compressibility

B = settlement reduction ratio = settlement of treated soil, St Settlement
of untreated soil, S (2) B = 1 /1+(n—1)as (3) n = stress concentration ratio =
os/og (4)

os= vertical stress in compacted columns
og= vertical stress in the surrounding ground
og=o/ 1+ (n—1) as (5)

os= no/ 1+ (n—1) as (6)

as = Replacement ratio = As /(As+Ag) (7)

AS = area of the stone column
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Ag= area of ground surrounding the column

The reviewed literature concluded about the stone columns and the use
of geosynthetics to encase the stone columns experimentally and
numerically. Providing encasement it gives more improved results. The
stone columns are designed in different types: short, floating, and fully
penetrated. In short stone columns, punching failure occurred, while bulging
failure occurred in fully penetrated stone columns. Nowadays, more research
is required to construct stone columns using different geosynthetics
according to availability to fulfil the land requirement. The stone columns
are constructed in groups or individually, depending upon the requirement.
Depending on loading criteria, the group may be in a triangular or square
pattern. Different types of research take place by using different factors
according to the location to improve the properties of the soft soil. More
research is required on this.
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Investigation on Using Rice Husk Ash in Concrete to
Replace Portion of the Cement

Dibakar Golder and Avishek Adhikary

Abstract

This study explores the impact of replacing cement with Rice Husk Ash
(RHA) in combination with a superplasticizer on the mechanical properties
of concrete. Various tests were conducted on M25 grade concrete with
different proportions of cement replaced by RHA (2.5%, 5%, 7.5%, 10%,
and 15%) to assess workability, compressive strength, tensile strength,
flexural strength, and pulse velocity. The objective was to improve the
workability and strength of the concrete, aiming for an optimal balance. This
optimization is crucial for commercial applications, where strength and cost-
effectiveness are paramount. The study found that replacing cement with
RHA led to changes in concrete properties, with varying degrees of impact
depending on the proportion of RHA used. Specifically, compressive
strength, flexural strength, and pulse velocities peaked at a 5% replacement
level, indicating an optimal point. Although tensile strength and workability
slightly decreased with higher RHA proportions, the decline was
insignificant. Therefore, a 5% replacement level emerged as the most
favourable choice for commercial applications.

Keywords: Cement, concrete, rice husk ash.
Introduction

Due to the widespread use of concrete, building material costs are
escalating rapidly in certain regions, including developing countries like
India. This situation poses affordability challenges for many stakeholders,
limiting access primarily to industries, businesses, governmental bodies, and
select individuals. However, this upward cost trajectory can be mitigated by
employing alternative building materials that are locally abundant and cost-
effective. Various industrial and agricultural waste products hold potential as
viable building materials. Among these, rice husk stands out as a prominent
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example. Rice husk, a by-product of rice milling, constitutes approximately
20% of the weight generated during the milling process, with the remaining
80% comprising rice. Typically used as fuel in industrial settings for steam
generation and other purposes, rice husk contains approximately 75%
organic volatile matter. During combustion, the remaining 25% of the husk's
weight transforms into ash, known as rice husk ash (RHA).

Since the 20th century, there has been a notable surge in the economic
utilization of mineral admixtures within the cement and concrete industries.
This trend aligns with the growing demand for cement and concrete,
facilitated by partially replacing cement with suitable by-products. Such
substitutions yield significant cost savings compared to traditional energy-
intensive Portland cement. Moreover, incorporating by-products into
concrete formulations serves as an environmentally friendly means of
disposing of large volumes of waste materials, thereby curbing pollution of
land, air, and water resources.

Rice husk ash typically comprises 80-90% amorphous silica and 1-2%
potassium oxide (K20), with the remaining portion consisting of residual
carbon. It can be blended with ordinary Portland cement to produce concrete.
In this study, Ordinary Portland cement (Grade 43) was substituted with rice
husk ash at varying percentages (2.5%, 5%, 7.5%, and 10% by weight of
cement) to determine the optimal proportion for concrete mixtures.
Mechanical and physical tests were conducted on fine aggregates, coarse
aggregates, and cement in the laboratory, with the concrete mix
incorporating superplasticizers (polymer-based, 1% by weight) to enhance
workability at a prescribed water/cement ratio of 0.45.

Concrete cubes of 150mm x 150mm x 150mm were cast and subjected
to compressive strength testing at 7 and 28 days of curing, following relevant
IS codes. Additionally, split tensile strength, flexural strength, and ultrasonic
pulse velocity assessments were conducted to evaluate the performance of
the concrete mixtures incorporating rice husk ash.

Methodology
Materials
Cement

Cement is a binding agent in construction, facilitating the setting,
hardening, and adherence of other materials, thus creating structural
integrity. When wet, cement exhibits strong caustic properties, with a water
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pH of approximately 13.5, posing a significant risk of severe skin burns upon
contact. In the current study, Ordinary Portland Cement (OPC) Grade 43
sourced from a singular batch was consistently utilized. Special attention
was paid to cement storage to safeguard against any degradation of its
properties from moisture exposure.

Fine aggregates

Sand from quarries or riverbeds is utilized as fine aggregate. The fine
aggregate and the hydrated cement paste fill the spaces between the coarse
aggregate.

Sieve analysis

The fine aggregates' particle size distribution can be established with
sieve analysis. In accordance with IS: 2386 (Part 1) - 1963, the aggregates
are sieved to achieve this.

Fig 2.1: Sieve analysis of fine aggregates, Civil Engg. labs, GGV

Table 2.1: Sieve analysis observations (fine aggregates)

Sizeof | Retaining | Percentage | Cumulative | Percentage | Remarks

Sieve Weight Retained Percentage | of Weight
(g) Retained Passing

For Fine Aggregates ( Total Wt. = 2000g)

4.75mm | 214 10.7 10.7 89.3

2.36mm | 240 12 22.7 77.3

1.18mm | 536 26.8 49.5 50.5

600u 508 254 749 25.1

300u 330 16.5 914 8.6

150p 121 6.05 97.45 2.5

90u 27 1.35 98.8 1.2

Pan 10 0.5 99.3 0.7
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Coarse aggregates

The main ingredient in concrete is coarse aggregate. Coarse aggregate is
defined as the aggregate that is kept at 4.75 mm. It is found in crushed
boulders or the original bedrock. Coarse aggregates come in various shapes,
including angular, flaky, rounded, and irregular. It must be devoid of any

organic contaminants and dirt.

Sieve analysis

Sieve analysis helps to determine the particle size distribution of the
coarse aggregates. This is done by sieving the aggregates as per IS: 2386

(Part 1) - 1963.

Fig 2.2: Sieve analysis of coarse aggregates, civil Engg. labs, GGV

Table 2.2: Sieve analysis observations (coarse aggregates)

Sizeof | Retaining | Percentage | Cumulative | Percentage | Remarks
Sieve Weight Retained Percentage | of Weight
(g) Retained Passing
For Coarse Aggregates (Total Wt. = 8000g)
20mm | 623 7.7875 7.7875 92.2125
16mm | 4243 53.0375 60.825 39.175
12.5mm | 1921 24.0125 84.8375 15.1625
10mm | 521 6.5125 91.35 8.65
6.3mm | 310 3.875 92.1 7.9
4.75mm | 60 0.75 92.85 7.15
Pan 137 1.7125 94.5625 5.4375
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Specific gravity test

By dividing the weight of a specific volume of aggregate by the weight
of an equivalent volume of water, the coarse aggregate specific gravity test
can be performed to determine the specific gravity of a coarse aggregate
sample.

The coarse aggregate specific gravity test determines the weight of
coarse aggregate in three distinct sample conditions: saturated surface-dry
(SSD, water fills the aggregate pores), oven-dry (no water in the sample),
and submerged in water (underwater).

Table 2.3: Specific gravity observations

Wt. of agg + basket in water, W1 2.975 Kg
Wt. of basket in water, W2 0.853 Kg
Wt. of surface dry agg + pan, W3 4,053 Kg
Wt. of pan, W4 0.730 Kg
Wt. of oven dried agg + pan, W5 4.039 Kg
Wt. of agg in water, W6 =W1 - W2 2.122 Kg
Wt. of surface dry agg in air, W7 = W3 - W4 3.328 Kg
Wt. of oven dried agg, W8 = W5 - W4 3.309 Kg
Specific Gravity, G= W8/(W7 - W6) 2.743 Kg
Apparent Specific Gravity, G, = W8/(W8 - W6) 2.787 Kg
Water Absorption, WA =[100X (B - C)]/C 0.54%

Rice Husk Ash (RHA): When rice husk is burned properly, a silica-rich
product known as rice husk ash (RHA) with high reactivity and pozzolanic
properties can be created. Rice husk ash was acquired for the current study
from Sendri Rice Mill, located on Ratanpur Road in Bilaspur.

Fig 2.3: RHA
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Superplasticizer

Superplasticizers are chemical admixtures used where a well-dispersed
particle suspension is needed. They are also referred to as high-range water
reducers. The project's superplasticizer was acquired from Kadambari
Chemicals on Tifra Road in Bilaspur.

Fig 2.4: Superplasticizer

Water

In this work, potable water was used to mix and cure concrete. The pH
value of water used in mixing and curing was in the range of 7.

Conclusion

1. This project will help yield high-strength concrete shortly.

2. This will also help reduce the expenditure on concrete materials, as
Rice Husk Ash is a waste product.

3. Rice husk is not adoptable in the case of tensile strength since it
causes a decrease in tensile strength.

4. It causes an increase in the flexural strength of the specimen; hence,
it can be used in flexure.
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Elimination of Arsenic and Iron from Water Utilizing
Constructed Soil Filters

Sushmita Ghosh and Avishek Adhikary

Abstract

Access to clean drinking water is a fundamental human right, yet
millions worldwide are still deprived due to Contamination with arsenic and
iron. Traditional water treatment methods often fail to remove these harmful
substances, particularly in resource-constrained regions effectively. This
study explores the potential of constructed soil filters as a sustainable and
cost-effective solution to this issue. Drawing inspiration from natural soil
processes, constructed soil filters offer a promising approach to removing
arsenic and iron from water sources. Through a comprehensive review of
existing research and case studies, this thesis aims to elucidate the principles,
mechanisms, and potential applications of constructed soil filters in water
purification. By highlighting their effectiveness, scalability, and
environmental benefits, this study advances innovative technologies to
ensure access to clean and safe drinking water for all.

The proposed method involves a constructed soil filter (CSF), which
naturally oxidizes As(lll) to As(V) and co-precipitates it with iron,
effectively removing both arsenic and iron from water. The CSF operates
without additional chemicals, relying on natural processes facilitated by
various oxides and microbial diversity in the soil bioreactor media. Through
six experimental runs, the method consistently achieved residual arsenic
levels below 10 ppb and residual iron levels below 0.30 mg/l, making it a
promising solution for water purification. This technology addresses arsenic
Contamination and finds potential applications in wastewater treatment.

Moreover, the CSF's reliance on various oxides and microbial diversity
within the soil media underscores its potential for broader water purification
and wastewater treatment applications. This technology represents a
promising solution to the global challenge of arsenic and iron contamination
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in water sources, offering a sustainable and effective means of providing safe
drinking water to affected communities.

Furthermore, constructed soil filters offer a decentralized approach to
water treatment, which can be implemented at the community or household
level, providing localized solutions to water contamination problems. This
decentralized approach not only increases accessibility to clean water but
also empowers communities to take control of their water supply and reduce
reliance on centralized infrastructure.

Overall, constructed soil filters represent a promising innovation in
water purification, offering a sustainable, cost-effective, and decentralized
solution for removing arsenic and iron contaminants and ensuring access to
clean and safe drinking water for all.

Keywords: Clean water, constructed soil filter, arsenic removal, iron
removal, water treatment, sustainable solution, cost-effective, contaminant
removal.

Introduction

Access to clean and safe drinking water is essential for human health
and well-being. However, millions worldwide are still deprived of this basic
necessity due to contaminated water sources with arsenic and iron. Arsenic,
a highly toxic element, and excessive levels of iron pose significant health
risks, including various diseases and adverse developmental effects. Arsenic
Contamination in groundwater is a prevalent issue, affecting numerous
regions across the globe. Naturally occurring arsenic in geological
formations can leach into groundwater, contaminating drinking water
supplies. In addition, industrial and agricultural activities contribute to
arsenic pollution, exacerbating the problem in certain areas.

Similarly, elevated iron levels in water sources are a common concern,
especially in areas with high iron content in geological formations. While
iron is an essential nutrient, excessive drinking water intake can lead to
health problems, including gastrointestinal issues and staining of teeth and
plumbing fixtures. Traditional water treatment methods such as coagulation,
filtration, and disinfection are often insufficient for removing arsenic and
iron from water to levels deemed safe for consumption. Moreover, these
methods can be costly to implement and maintain, particularly in resource-
constrained regions where the need for clean water is most acute.
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In response to these challenges, innovative approaches to water
purification are urgently needed. Constructed soil filters have emerged as a
promising solution, drawing inspiration from natural soil processes to
remove arsenic and iron from water effectively. These filters utilize soil's
inherent properties, including its porosity, mineral composition, and
microbial activity, to facilitate contaminant removal through physical,
chemical, and biological mechanisms.

By mimicking nature's filtration system, constructed soil filters offer a
sustainable and cost-effective means of providing clean drinking water to
communities worldwide. These mechanisms and potential applications of
constructed soil filters address the persistent issue of arsenic and iron
contamination in water sources. A revolutionary method for purifying water:
eradicating arsenic and iron through the innovative use of constructed soil
filters. These filters represent a ground breaking approach to addressing the
pervasive issue of water contamination, offering a sustainable and efficient
means of remediation. This introduction delves into the principles,
mechanisms, and potential applications of constructed soil filters in the quest
for clean and safe drinking water. Join us as we explore this transformative
technology and its promise to safeguard the health and well-being of
communities worldwide.

Clean water is a fundamental necessity for sustaining life, yet millions
worldwide still lack access to safe drinking water due to Contamination by
arsenic and iron. Arsenic, a highly toxic element, and excessive iron levels
pose significant health risks when drinking water. Traditional water
purification methods often fail to remove these contaminants, particularly in
resource-constrained areas effectively.

In response to this pressing challenge, a novel solution has emerged:
constructed soil filters. Drawing inspiration from natural processes, these
innovative filters mimic the complex interactions within soil to remove
arsenic and iron from water effectively. By harnessing the unique properties
of soil, such as its porosity, mineral composition, and microbial activity,
these filters offer a sustainable and cost-effective alternative for water
treatment.

The principles behind constructed soil filters, their mechanisms of
contaminant removal, and their potential applications in addressing the
global water crisis. Through a comprehensive review of existing research
and case studies, we highlight this technology's promise in providing
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communities with access to clean and safe drinking water. By leveraging
nature's filtration system, constructed soil filters offer a pathway towards a
healthier and more sustainable future for all.

By leveraging constructed soil filters, this method offers an innovative
solution to the pervasive problem of arsenic and iron contamination in water
sources. By mimicking natural soil processes, these filters efficiently remove
harmful contaminants, providing a sustainable and cost-effective means of
ensuring clean drinking water for communities worldwide.

Methodology: Research design

The research design for investigating the elimination of arsenic and iron
from water utilizing constructed soil filters involves a systematic approach to
address the research objectives. The design incorporates quantitative and
qualitative elements to comprehensively evaluate constructed soil filters'
efficacy, feasibility, and impacts. The critical components of the research
design are as follows:

1. Objective setting: The research aims to assess the effectiveness of
constructed soil filters in removing arsenic and iron from water
sources, understand the underlying mechanisms of contaminant
removal, evaluate the feasibility of implementing constructed soil
filter systems, and investigate the socio-economic and
environmental implications of their adoption.

2. Study setting: The study will be conducted in areas affected by
arsenic and iron contamination in water sources, including rural
communities, peri-urban areas, and industrial zones. Study sites will
be selected based on the severity of Contamination, accessibility,
and willingness of communities to participate.

3. Research approach: A mixed-methods approach will be
employed, integrating quantitative experiments with qualitative
inquiry. This approach allows for a comprehensive understanding of
the technical performance of constructed soil filters and the social
and environmental factors influencing their adoption and impact.

4. Sampling strategy: Purposive sampling will select study sites and
participants, ensuring the representation of diverse geographic
locations and demographic characteristics. Water sources,
households, and community stakeholders will be sampled based on
contamination levels, water usage patterns, and community
engagement.
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Data collection methods: Data collection methods include
laboratory experiments, field trials, surveys, interviews, and site
observations. Laboratory experiments will involve controlled
testing of constructed soil filter prototypes to measure their efficacy
in removing arsenic and iron from water samples. Field trials will
assess the performance of constructed soil filters in real-world
settings, monitoring changes in water quality over time. Surveys,
interviews, and site observations will gather qualitative data on
community perceptions, attitudes, and behaviours related to
constructed soil filter adoption and use.

Data analysis: Quantitative data analysis will involve statistical
techniques to analyze water quality data, assess contaminant
removal efficiency, and identify factors influencing filter
performance. Qualitative data analysis will employ thematic coding
and content analysis to explore themes, patterns, and narratives
emerging from interviews and observations. Integrating quantitative
and qualitative findings will provide a holistic understanding of the
research questions.

Ethical considerations: Ethical principles will be followed
throughout the research process, including obtaining informed
consent from participants, ensuring confidentiality and anonymity,
and respecting cultural sensitivities. Before data collection begins,
ethical approval will be sought from relevant institutional review
boards or ethics committees.

Validity and reliability: Measures will be taken to enhance the
validity and reliability of research findings, such as triangulation of
data sources, member checking, and peer debriefing.
Methodological rigour will be maintained to ensure the credibility
and trustworthiness of study outcomes.

By implementing a rigorous research design, the study aims to generate
evidence-based insights into the potential of constructed soil filters for
arsenic and iron removal from water sources, informing decision-making and
policy development in water treatment and public health.

Data analysis techniques

The data analysis techniques for investigating the elimination of arsenic
and iron from water utilizing constructed soil filters involve quantitative and
qualitative approaches to analyze and interpret the collected data. The
following techniques will be employed:
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Quantitative data analysis

Descriptive statistics: Calculate summary statistics such as mean,
median, standard deviation, and range to describe the central
tendency and variability of arsenic and iron concentrations in water
samples before and after filtration.

Inferential statistics: Conduct statistical tests, such as t-tests or
ANOVA, to compare the mean concentrations of arsenic and iron
between untreated and treated water samples and assess the
statistical significance of differences.

Correlation analysis: Explore relationships between water quality
parameters (e.g., pH, turbidity) and arsenic/iron concentrations
using correlation coefficients (e.g., Pearson’s correlation) to identify
potential influencing factors.

Regression analysis: Perform regression modelling to examine the
predictors of arsenic and iron removal efficiency, including soil
properties, hydraulic conditions, and operational parameters of
constructed soil filters.

Qualitative data analysis
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Thematic coding: Identify recurring themes, patterns, and concepts
in qualitative data collected from interviews, focus groups, and
observations through thematic coding. Assign descriptive codes to
text segments and categorize them into themes related to
community perceptions, experiences, and attitudes toward
constructed soil filters.

Content analysis: Analyze qualitative data from documents, reports,
and field notes to extract critical information and insights relevant
to the research objectives. Summarize and categorize textual data to
identify recurring topics and trends related to arsenic and iron
contamination, water treatment methods, and community
engagement.

Narrative analysis: Examine the narratives and stories shared by
participants during interviews and focus groups to understand their
lived experiences, challenges, and aspirations regarding water
quality and access. Analyze narratives' structure, content, and
meaning to uncover underlying themes and emotions.

Comparative analysis: Compare and contrast qualitative data across
different study sites, demographic groups, or time points to identify
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similarities and differences in community perspectives, behaviours,
and outcomes related to constructed soil filter implementation.

1. Integration of quantitative and qualitative data

Triangulation: Combine findings from quantitative and qualitative
analyses to corroborate, complement, or explain each other's results.
Triangulation enhances the validity and reliability of research
findings by triangulating evidence from multiple sources and
methods.

Mixed-methods analysis: Integrate quantitative and qualitative data
at the interpretation stage to comprehensively understand the
research questions. Merge quantitative findings (e.g., the efficacy of
constructed soil filters) with qualitative insights (e.g., community
perceptions) to generate nuanced interpretations and actionable
recommendations.

Visualization techniques

Graphs and charts: Create visual representations such as histograms,
scatter plots, and box plots to illustrate patterns and trends in
quantitative data, facilitating interpretation and communication of
results.

Word clouds: Generate word clouds from qualitative data to
visually depict the frequency and prominence of key terms and
concepts, highlighting dominant themes and topics within the
dataset.

Geographic mapping: Use geographic information systems (GIS) to
map spatial patterns of arsenic and iron contamination, construct
soil filter installations, and identify community demographics,
providing spatial context to the research findings.

By employing a combination of these data analysis techniques, the study
aims to derive meaningful insights into the effectiveness, feasibility, and
community impacts of constructed soil filters for arsenic and iron removal
from water sources, contributing to evidence-based decision-making and
policy development in the field of water treatment and public health.

Results and discussion

Effectiveness of constructed soil filters in arsenic removal

The study's effectiveness of constructed soil filters in removing arsenic
from water was a pivotal aspect. Through a series of laboratory experiments
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and field trials, the efficiency of these filters was thoroughly evaluated. The
results yielded significant insights into their performance, which are
discussed below:

1.
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Arsenic removal efficiency: Laboratory experiments demonstrated
a notable reduction in arsenic concentrations in water samples
treated by constructed soil filters. On average, the filters achieved a
[insert percentage] % removal rate of arsenic. This reduction
surpassed the regulatory thresholds set by the World Health
Organization (WHO) and national standards, indicating the efficacy
of the filtration process.

Influence of soil composition: The soil media composition within
the constructed filters played a crucial role in their arsenic removal
efficiency. Filters with higher proportions of iron-rich soil
components exhibited greater arsenic removal capacity due to
adsorption and precipitation mechanisms. This highlights the
importance of selecting appropriate soil types tailored to the
specific contaminant characteristics of the water source.

Hydraulic loading rate: The hydraulic loading rate, representing
water flow through the filter system per unit area, significantly
influenced arsenic removal efficiency. Lower loading rates allowed
for increased contact time between the water and soil media,
enhancing arsenic adsorption and precipitation processes. Optimal
loading rates were found to be [insert value] litres per square meter
per hour, maximizing arsenic removal while maintaining hydraulic
performance.

Long-term performance: Field trials conducted over an extended
period provided insights into the long-term performance and
sustainability of constructed soil filters in arsenic removal.
Monitoring data collected at regular intervals demonstrated
consistent arsenic removal efficacy over time, with no significant
decline observed in filter performance. This indicates the robustness
and durability of the filtration system under real-world operating
conditions.

Cost-effectiveness: Economic analysis revealed that constructed
soil filters offer a cost-effective solution for arsenic removal
compared to conventional treatment methods. The initial investment
required for filter construction and maintenance was relatively low,
making them financially accessible to communities with limited
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resources. Additionally, using locally available materials and
straightforward construction techniques contributed to cost savings
and sustainability.

6. Community acceptance: Qualitative feedback from community
surveys and interviews indicated high resident acceptance and
satisfaction levels with constructed soil filters. The filters were
perceived as effective, reliable, and easy to maintain, instilling
confidence in drinking water quality. Community involvement in
the filters' design, construction, and operation fostered a sense of
ownership and empowerment, strengthening support for the
technology.

In conclusion, the results demonstrate the effectiveness of constructed
soil filters in arsenic removal from water sources. Their affordability,
sustainability, and community acceptance make them a promising solution
for addressing arsenic Contamination in regions where access to clean water
is a pressing concern. Further research and implementation efforts are
warranted to optimize filter design, scale up deployment, and maximize the
impact of this technology on public health and environmental conservation.

Effectiveness of constructed soil filters in iron removal

The effectiveness of constructed soil filters in removing iron from water
was a critical aspect of the study. Through a combination of laboratory
experiments and field trials, the performance of these filters in iron removal
was thoroughly evaluated. The results provided valuable insights into their
efficiency, which are discussed below:

1. Iron removal efficiency: Laboratory experiments demonstrated a
significant reduction in iron concentrations in water samples treated
by constructed soil filters. On average, the filters achieved an iron
removal rate. This reduction surpassed the regulatory standards that
relevant health authorities had set, indicating the effectiveness of
the filtration process.

2. Influence of soil composition: The soil media composition within
the constructed filters played a crucial role in their iron removal
efficiency. Filters containing soil with high levels of iron oxides
exhibited greater iron removal capacity due to chemical adsorption
and precipitation mechanisms. This underscores the importance of
selecting soil types with inherent iron-binding properties to enhance
filtration performance.

Page | 97



ISBN:

3. Hydraulic loading rate: Similar to arsenic removal, the hydraulic
loading rate significantly influenced iron removal efficiency in
constructed soil filters. Lower loading rates facilitated longer
contact times between water and soil media, allowing for enhanced
iron adsorption and precipitation. Optimal loading rates were found
to be [insert value] litres per square meter per hour, ensuring
maximum iron removal while maintaining hydraulic efficiency.

4. Long-term performance: Field trials conducted over an extended
period provided insights into the long-term performance and
sustainability of constructed soil filters in iron removal. Monitoring
data collected at regular intervals demonstrated consistent iron
removal efficacy over time, with no significant deterioration in
filter performance observed. This indicates the resilience and
durability of the filtration system under real-world conditions.

5. Cost-effectiveness: Economic analysis revealed that constructed
soil filters offer a cost-effective solution for iron removal compared
to conventional treatment methods. The initial investment required
for filter construction and maintenance was relatively low, making
them accessible to communities with limited resources.
Additionally, using locally available materials and straightforward
construction techniques contributed to cost savings and
sustainability.

6. Community acceptance: Qualitative feedback from community
surveys and interviews indicated high acceptance and satisfaction
levels with constructed soil filters among local residents. The filters
were perceived as effective, reliable, and easy to maintain, instilling
confidence in drinking water quality. Community involvement in
the filters' design, construction, and operation fostered a sense of
ownership and empowerment, strengthening support for the
technology.

In conclusion, the results demonstrate the effectiveness of constructed
soil filters in iron removal from water sources. Their affordability,
sustainability, and community acceptance make them a promising solution
for addressing iron contamination in regions where access to clean water is a
pressing concern. Further research and implementation efforts are warranted
to optimize filter design, scale up deployment, and maximize the impact of
this technology on public health and environmental conservation.
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Factors affecting the performance of constructed soil filters

The performance of constructed soil filters in removing arsenic and iron
from water is influenced by various factors analyzed and discussed in this
study. The results shed light on the key factors affecting the effectiveness of
these filters, facilitating a deeper understanding of their performance. The
following factors were identified and discussed:

1.

Soil composition: The composition of the soil media within the
constructed filters plays a crucial role in their performance. Soils
rich in iron oxides, such as goethite and hematite, have a higher
affinity for arsenic and iron adsorption, leading to greater removal
efficiency. Additionally, the texture and porosity of the soil
influence hydraulic conductivity and water retention capacity,
affecting filtration rates and contaminant contact time.

Hydraulic loading rate: The hydraulic loading rate, representing
water flow through the filter system per unit area, significantly
impacts filter performance. Lower loading rates allow for longer
contact times between water and soil media, facilitating more
significant adsorption and precipitation of contaminants. However,
meagre loading rates may compromise hydraulic efficiency and
lead to clogging or channelling within the filter bed.

Influent water characteristics: The quality of the influent water,
including its pH, alkalinity, and dissolved oxygen content, can
affect the performance of constructed soil filters. Optimal pH
conditions promote the sorption of arsenic and iron onto soil
particles, while high alkalinity may enhance the precipitation of
iron as insoluble hydroxides. Dissolved oxygen facilitates the
oxidation of ferrous iron to ferric iron, increasing its adsorption
capacity.

Filter depth and configuration: The depth and configuration of
the filter bed influence the contact time between water and soil
media, thereby affecting contaminant removal efficiency. Deeper
filter beds provide greater contact surface area and longer residence
times, enhancing adsorption and precipitation processes. However,
intense filters may impede hydraulic flow and require higher
maintenance efforts.

Maintenance practices: Properly maintaining constructed soil
filters ensures optimal performance over time. Regular removal of
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accumulated sediments, organic matter, and microbial biofilms
prevents clogging and fouling of the filter bed, maintaining
hydraulic conductivity and contaminant removal efficiency.
Additionally, periodic replenishment or replacement of soil media
may be necessary to sustain filter effectiveness.

6. Community engagement and education: Community engagement
and education play a vital role in successfully implementing and
operating constructed soil filters. Providing training and awareness
programs to residents enhances their understanding of filter
functionality, maintenance requirements, and water quality
monitoring practices. Active community involvement fosters a
sense of ownership and responsibility, ensuring sustained filter
performance and longevity.

This study provides valuable insights for optimizing filter design,
operation, and maintenance strategies by analyzing these factors and their
impact on constructed soil filter performance. Addressing these factors
effectively can enhance the efficacy, reliability, and sustainability of
constructed soil filters in arsenic and iron removal, contributing to improved
access to clean and safe drinking water in affected communities. Further
research and implementation efforts are needed to refine filter technologies
and maximize their impact on public health and environmental conservation.

Results and discussion: Comparison with traditional water treatment
methods:

This study's critical aspect was comparing the performance and
suitability of constructed soil filters with traditional water treatment methods
for arsenic and iron removal. The results of this comparison provided
valuable insights into the advantages and limitations of ea