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Abstract

Comprehending the liquid limit of soils is crucial as it provides essential information
on their plasticity and engineering behavior, influencing decisions in geotechnical
engineering and construction projects. This thesis investigates the distinctions in
liquid limits between the cone penetration method and the Casagrande approach. The
study aims to compare the results obtained from these two methods in assessing the
liquid limits of fine-grained soils, specifically clays and silty soils. Samples were
collected from various locations in Bangladesh to conduct the tests. The findings
reveal that the Casagrande method consistently yielded lower liquid limit values
compared to the cone penetration method. Statistical analysis indicated minimal
variation between the two methods in most cases, although notable discrepancies were
observed. Overall, the cone penetration method tended to provide higher liquid limit
values than the Casagrande method. These results underscore the importance of
methodological choice in accurately assessing soil behavior, particularly in
geotechnical engineering applications.
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Chapter 1
INTRODUCTION

1.1 General

It is an essential step to Find soil's liquid limit in geotechnical engineering since it
gives important information on the soil's engineering characteristics. There are several
ways to calculate the liquid limit two well-known approaches are the con penetration
method and Casagrande Method. By defining the moisture content at which a soil
changes from a plastic to a semi-solid state, both methods seek to characterize the
plasticity of the soil.

1.2 Motive of the Present Research

It does seem that there hasn't been much research done in the published literature on
the simultaneous evaluation of the plastic limit (PL) and liquid limit (LL) using a
single laboratory test procedure and comparing the results with established test
methods. There is a noteworthy research gap concerning the creation of thorough
approaches for defining and measuring clay minerals in connection to the features of
soil flexibility.

Using the cone penetration method and a modified cone penetration methodology, this
study attempts to determine the liquid limit of clay soil within a specified range of
low to high plasticity. Then, in order to address any disparities that might occur when
using the conventional method described in BS 1377 for calculating the liquid limit, a
comparative analysis will be carried out against the results obtained via the standard
and recognized method for determining the liquid limit value of soil. Therefore, the
goal is to create a technique for estimating the liquid limit that is less dependent on
the operator. If the fall cone apparatus could be used to establish the plastic limit, it
would be perfect (Rashid, 2016). The study also intends to look into the connections
between them.

The study also intends to look at the connections that may exist between these
boundaries and the soil's clay minerals.

1.3 Objective of Study

e To investigate the distinctions in liquid limits between the cone penetration
method and the Casagrande approach.
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1.4 Organization of the Thesis

The current study is divided into multiple chapters, each of which focuses on a
different area of the investigation:

Chapter 1: It discusses the background and objectives of the study. This chapter
presents an overview of the background, goals, and research methodology of the
study.

Chapter 2: reviews the literature on determining liquid limits. This chapter reviews a
number of literature sources related to figuring out the plastic limit. It covers both
conventional techniques and non-conventional methods for figuring out the plastic
limit. There is an exploration of past research endeavors, conventional methods, and
novel approaches for ascertaining the plastic limit of soil laboratory investigations.

Chapter 3: The laboratory tests carried out as a component of the current investigation
are covered in detail in this chapter. It describes the methods utilized in this study and
talks about how the cone used in the soil experiments was made.

Chapter 4: Results and Analysis of Research: This chapter focuses on the research's
findings, namely the cone penetrometer's measurement of the penetration depth.
Context and insights are provided by comparisons with the findings of earlier studies,
key findings and conclusions.

Chapter 5: The primary results and conclusions from the current study are presented
in this chapter. To direct future investigation in this area, suggestions for study
directions are also given.

©Daffodil International University 2



Chapter 2
LITERATURE REVIEW

2.1 Introduction

Particle size distribution affects fine-grained soils engineering qualities, but so do
other elements including moisture content, mineral and structural makeup, and so on.
In order to classify and evaluate the mineral composition and engineering behavior of
these soils, tests such as the liquid and plastic limits evaluations aid in understanding
how water content impacts these soils. Cone-penetration techniques have become
more popular as substitute methods for determining plastic limits in recent years.
These techniques have the potential to be more accurate and efficient. Cone-
penetration techniques and conventional processes are compared for effectiveness in
this literature review, which also examines the advantages and disadvantages of each
approach. This review attempts to offer insights into the applicability and
dependability of these methods in geotechnical engineering applications through a
thorough investigation of the current literature.

2.2 Atterberg Limits

The six consistency limits for fine-grained soils are known as the Atterberg Limits,
and they were first proposed by Albert Atterberg. These limitations (ASTM Standard
D4318-84, 1991) include the liquid limit, which is the highest limit of viscous flow,
as well as the sticky, cohesion, plastic, and shrinkage limits. The Swedish scientist
Atterberg created a technique to evaluate fine-grained soil consistency at different
moisture levels in the beginning of the 20th century. Soil shows liquid-like flow at
high moisture contents, while it acts more like a solid at low moisture contents.
Because moisture content thus greatly affects soil behavior, soil can be divided into
four basic groups according to moisture thresholds: solid, semisolid, plastic, and
liquid (Rashid, 2016).

2.3 Liquid and Plastic Limits

Changing the water content of clay modifies its mechanical characteristics. When
enough water is added, clay softens and transforms into a slurry that acts like a
viscous liquid; this is referred to as the liquid state. The material ultimately starts to
stick together and provide some resistance to deformation if the water content is
steadily lowered by drying it slowly; this is known as the plastic state. As more water
is lost, the clay shrinks and becomes more rigid, eventually turning brittle this is the

©Daffodil International University 3



semisolid state. The clay shrinks until it reaches a consistent minimum volume as
drying proceeds. Past that point, more drying results in no more volume loss; this is
the solid state. The transition between states happens gradually rather than suddenly.
By establishing the shrinkage limit SL, plastic limit PL, and liquid limit LL, these
smooth transitions are empirically characterized. The plasticity index (PI), which
measures the plasticity of clay, is the moisture content between PL and LL.

(PI=LL-PL)

Liquid state

Volume, V

Plastic state

i Semisolid
Solid state | state

v

SL PL LL
Water content w

Figure 2-1: Variation of consistency of fine-grained soil with water content

2.4 Plasticity Chart

The hydrometer test can be used to estimate the percentage of clay in the soil, but it
cannot identify the type of clay since clay particles are so small that visual inspection
with electron microscopes is necessary. For engineering uses, x-ray diffraction is an
expensive and time-consuming method of identifying clay minerals. Alternatively, a
workable answer is provided by the liquid and plastic limit tests. These fundamental
engineering studies categorize clay soils and determine the sorts of clay minerals
present. The liquid and plastic limits, which are determined using rather
straightforward laboratory techniques, provide important information about the
properties of cohesive soil. These tests are commonly used by engineers to identify
soil and connect different physical properties.

Above the A-line, there is also a prominent U-line that indicates the upper limit of the
link between the plasticity index and the liquid limit that has been seen in soils thus
far. For the U-line, the equation is about Pl = 0.9(LL-8). There is an additional
function for both the A-line and the U-line. Casagrande suggested that if the plasticity
index and liquid limit of a soil are known, then the shrinkage limit of that soil might
be roughly approximated.

©Daffodil International University 4
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Figure 2-2: Plasticity chart

The relationship between the plasticity index and the liquid limit is used in the
Uniform Soil Classification System (USCS) to create sub-groups within fine soils. An
artificial border between silts and clays is shown by the A-line in the chart. Five
degrees of flexibility are further defined by vertical divisions based on the percentage
of liquid limit.

Table 2-1: Plasticity based on liquid limit

Plasticity Liquid Limit Range
Low plastic Less than 35%
Intermediate plastics Between 35%-50%
High plastic Between 50%-70%
Very high plastic Between 70%-90%
Extremely plastic More than 90%

2.5 Cone Penetration Method

A mainstay of contemporary geotechnical engineering, the Cone Penetration Test
provides a fast, accurate way to evaluate the intricate behavior of soils below the
surface of the Earth. The Cone Penetration Test was first created in the 1930s and has
since been improved upon throughout the years, becoming a vital resource for
engineers all over the world that offers vital insights into stratigraphy, soil mechanics,
and geotechnical conditions.
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Figure 2-3: Schematic diagram of fall cone test (Koumoto and Houlsby, 2001)

Fundamentally, a cone-tipped penetrometer is inserted into the ground at a controlled
rate of penetration, usually between one and two centimeters per second. As the
penetrometer moves forward, it measures a number of variables that are essential to
comprehending the behavior of soil, such as pore water pressure (u), sleeve friction
(fs), and cone resistance (qc). These measures, which are continuously recorded
during the test, give engineers a thorough insight of the qualities and attributes of the
soil. A penetrometer assembly is connected to a number of rods that are driven or
pushed into the ground by means of hydraulic or mechanical systems as part of the
apparatus used in a Cone Penetration Test. The penetrometer is equipped with
advanced sensors that enable it to record exact information about how the soil reacts
to penetration. In geotechnical design and construction, this data is used to evaluate
soil behavior and make educated decisions. It can be recorded for later analysis or
sent in real-time to on-site engineers.

A sophisticated grasp of soil mechanics and geotechnical principles is necessary to
interpret the data obtained from a Cone Penetration Test. Cone resistance, sleeve
friction, and pore water pressure data are examined by engineers in order to determine
important soil features, including stratigraphy, compaction characteristics, shear
(Methods of test for soils for civil engineering purposes - Classification tests, 1990)
(Harison, 1988) (Houlsby, 1982) (Das, 2002) (Methods of test for soils for civil
engineering purposes - Classification tests, 1990)strength, and soil classification.
Through the correlation of these results with project specifications and environmental
factors, engineers are able to create strong designs and construction techniques that
are specifically adapted to the unique challenges presented by the subsurface
circumstances The capacity of the Cone Penetration Test to offer real-time, in-situ
data greatly reduces the need for time-consuming and frequently expensive laboratory
testing, which is one of its main advantages. Engineers can quickly assess subsurface
conditions, spot possible risks or abnormalities, and modify project plans as a result of
this immediacy. Furthermore, because the Cone Penetration Test is non-destructive, it
causes the least amount of disruption to the site, which makes it especially appropriate
for projects that prioritize maintaining existing infrastructure or environmentally
sensitive locations. The Cone Penetration Test's broad acceptance in contemporary
geotechnical practice attests to its effectiveness and dependability. The Cone
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Penetration Test is essential to guaranteeing the sustainability, safety, and
effectiveness of infrastructure projects all over the world. It does this by analyzing
slope stability, designing foundations, and conducting offshore engineering and
environmental site assessments. The Cone Penetration Test is still a vital tool for
engineers negotiating the complexity of the subsurface world as long as urbanization,
infrastructure development, and environmental stewardship continue to shape our
world.

2.6 Fall Cone Penetrometer Method

To evaluate the strength and uniformity of fine-grained soils, geotechnical engineers
frequently employ the Fall Cone Penetrometer method. The Fall Cone Penetrometer
method was created to assess low shear strength soils, like silts and clays. It offers
insightful information about soil behavior that helps with slope stability analysis,
foundation design, and construction scheduling.

The Fall Cone Penetrometer method basically includes allowing a normal cone-
shaped penetrometer to fall into the soil freely while being pulled down by gravity.
The depth of penetration attained in a certain amount of time is then calculated and
utilized to deduce different soil characteristics.

The penetrometer device, which consists of a cone attached to a calibrated rod or
shaft, is the standard piece of equipment used in the FCP method. For constant testing
conditions, the cone's apex angle is designed to be a standard 60 degrees. Accurate
penetration depth measurement is made possible by depth indicators on the rod, and
testing intervals can be controlled with the use of a timing device.

In conclusion, the Fall Cone Penetrometer approach gives engineers a useful and
trustworthy way to assess fine-grained soil characteristics. Its adaptability and
effectiveness make it a vital tool for geotechnical studies, enabling well-informed
choices and guaranteeing the accomplishment of building projects in a range of soil

types.
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Figure 2-4: Laboratory cone penetrometer

2.7 Combined Liquid and Plastic Limit Test Methods

Various techniques were used in place of independent, unconnected tests like the
Casagrande cup and rolling beads as required by ASTM standard to achieve liquid
and plastic limit values through a combined test method. The plastic limit and the
liquid limit might be mechanically simpler, more practical, and more significant if fall
cone tests were offered for both. According to George and Wood's report on cone test
results, the data of the plasticity index is found to be 52%, as opposed to a value of
54% obtained when the plastic limit was evaluated using the conventional approach.
(Georgen and Wood, 1976).

2.8 Summary

The chapter thoroughly discusses all facets of earlier research that are pertinent to this
investigation, including methodological techniques, theoretical frameworks, and
substantive findings. In conclusion, it is observed that figuring out the Atterberg limit
using conventional methods requires a lot of time and depends on the sensitivity of
the user. Researchers from all around the world have looked into the cone penetration
technique as a potential solution to this problem. The 20 mm cone penetration method
for determining the liquid limit is standardized by BS 1377. A survey of the literature
suggests that, despite a great deal of research, a consistent method for figuring out the
plastic limit has not yet been developed. As a result, the goal of the current study is to
investigate if using a cone penetrometer to measure the plastic limit is feasible.
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Chapter 3
METHODOLOGY

3.1 Introduction

It is clear from reading the literature that many investigations have been done on
developing rolling as well as changing cone penetrometers. On the other hand,
compared to studies on modified cone penetrometers, research on unmodified cones is
quite rare. The goal of the current study is to provide a simple technique for figuring
out a clay's plastic limit. Important geotechnical parameters, including the Atterberg
limit, plasticity index, fluidity index, soil activity, and soil sensitivity, can be
estimated and predicted with the use of the designed cone penetrometer. This chapter
goes into further information about the laboratory research program and the specific
test processes.

3.2 Methodology

Site Selection and Sample Collection

Index

properties

PL (Hand
Rolling and
Cone Method)

7

LL (Casagrande
and Cone
Method)

Figure 3-1: Site selection and sample collection
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3.3 Soil Sample Collection and Preparation

Different types of soil samples were taken from different locations for LL and PL
tests. For example, two soil samples were taken from Jahangirnagar University Shapla
Chattor and Biology Faculty premises. Two samples were taken from Uptown and
Barobazar two soil samples were taken from Chapai Nawabganj and BUET campus.

Table 3-1: Geographical location of the collected soil sample

Sl. No Location GPS
1 JU (Shapla Chattor) 23.885021, 90.267748
2 JU (Geology Department) 23.87781, 90.26666
3 Chapai Nawabganj 24.58699, 88.26995
4 BUET Campus 23.725209, 90.394600
5 Uptown, Ashulia 23.86861, 90.32620
6 Barobazar,Ashulia 23.87646, 90.33483

Figure 3-2: Map of Earth for soil sample collection location.
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3.4 Test Methodology

Following standards are maintained for laboratory test of soil sample. These standards
are followed to maintain the test accuracy and persistence.

Table 3-2: Standard laboratory test

Name of Test Standard
Liquid Limit and ASTM D4318-00
Plastic Limit (BS 1377, 1975)
Specific Gravity ASTM D854
Sieve Analysis ASTM D6913
Hydrometer Analysis ASTM D7928

3.5 Specific Gravity, Gs

Specific gravity (Gs) provides information about the density and makeup of materials
and is a basic topic in many scientific fields. Specific gravity is a common
measurement for comparing the densities of various materials. It is defined as the ratio
of a material's density to that of a reference substance, usually water at a given
temperature. Specific gravity is a key factor in describing soils and aggregates in
geotechnical engineering and soil mechanics. Engineers can evaluate the
compactness, porosity, and general composition of soil particles all important
variables affecting the behavior and performance of soil in building projects by
measuring the specific gravity of the soil particles. Furthermore, specific gravity helps
to categorize different types of soil and forecast their engineering characteristics,
which helps to make well-informed decisions during the geotechnical design and
construction phases.

The specific gravity (Gs) is calculated using a formula considering the ratio of the
weight of soil (Ws) to the weight of water displaced ((Ws—W1+W>), factoring in their
volumes and densities.

Gs =GTWs / (WS_W1+W2)
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Figure 3-3: Weight of pycnometer with water

Figure 3-4:Weight of pycnometer with water and soil

Where, W1 = weight of pycnometer + water + soil, W> = weight of pycnometer +
water, and Gt = Gs at water temperature T°C
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3.6 Particle Size Distribution

Particle size distribution is an essential component of material characterization that is
widely used in many different fields of science and industry. Particle size distribution
analysis measures the relative amounts of variously sized particles in a sample and
offers important information on the physical characteristics and behavior of materials.
Understanding particle size distribution is crucial for classifying soils, forecasting
their engineering behavior, and choosing the right building methods and materials in
geotechnical engineering and soil science. Similar to this, particle size distribution
analysis directs efforts in environmental monitoring, process optimization, and
product creation in sectors like mining, medicines, agriculture, and environmental
science.

Particle size analysis are three methods:

e Sieve analysis
e Wash sieve analysis
e Hydrometer analysis

3.6.1 Sieve Analysis

Sieve analysis is a method for determining the particle size distribution of a granular
material. It is a widespread technique in several industries, including mining,
construction, and medicines. Here's a step-by-step instructions for conducting a sieve
analysis:

| R A

Figure 3.6: Sieve shaking.
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Sample Preparation:

e Get a representative sample of the material
e If required, dry the sample to ensure accurate readings
e Weigh the sample precisely and record the weight

Setup:

e Stack the sieves in order, beginning with the coarsest and progressing to the
finest (with the pan)
e Place the entire stack on the sieve shaker

X

Figure 3.6: Sample with sieve

Sieving:
e Pour the sample through the top sieve
e Secure the stack to the sieve shaker and turn it on
e The shaking time varies, but it is usually between 10-15 minutes
e Make careful to follow any industry-specific rules or norms
Weighing:

e After shaking, carefully remove each sieve one at a time

e Weigh the particles left on each sieve and record the weight

e To avoid cross-contamination, make sure to wipe the sieves thoroughly before
weighing
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Calculation:

e Calculate the percentage of total sample weight retained by each sieve

e Use this formula:
weight retained on sieve

Parcentage retained = ( ) x 100

total sample weight
e Calculate the cumulative percentage passing through each sieve

Analyzing Data:

e Plot the cumulative % passing versus the sieve size to get the particle size
distribution curve

e Examine the distribution to ascertain the material's gradation and other
pertinent properties

3.6.2 Wash Sieve Analysis

e Sample Preparation: In accordance with standard procedure, a representative
sample of the material is obtained and appropriately prepared. Depending on
the needs, the sample may need to be dried by air or in an oven to get rid of
moisture.

Figure 3-5: Wash sieve analysis

e Sieve Setup: Typically, a coarse sieve is placed at the top of the stack and a
fine sieve is placed at the bottom, with a sequence of sieves with progressively
finer mesh sizes organized in a stack. A catch pan or receiver is positioned at
the bottom to collect the material that passes through the finest sieve, and the
sieves are firmly piled on top of one another.

©Daffodil International University 15



3.6.3

Method of Sieving: To aid in the separation of particles according to size, the
prepared sample is stacked on the top sieve and agitated manually or in a
mechanical sieve shaker. Until no more material passes through the sieves, the
sieving operation is continued for the predetermined amount of time.

Wash Procedure: The material retained on each sieve is carefully removed
once the sieving operation is finished, and water is used to wash away any
fines that may have adhered to the bigger particles. Usually, this is
accomplished by slowly stirring the material in a container or sieve nest while
misting it with water. If there are any suspended particulates, the wash water
can be filtered through a fine mesh sieve.

Drying and Weighing: After being cleaned, the material is dried typically in an
oven set at a particular temperature to eliminate any remaining moisture from
each sieve. To ascertain the mass of particles inside each size fraction, the
material remaining on each sieve is meticulously weighed upon drying.

Data analysis: The cumulative particle size distribution, or sieve analysis
curve, is computed using the mass of material retained on each sieve, the
original sample mass, and the sieve sizes. For a variety of engineering and
construction applications, this information aids in characterizing the material's
gradation and particle size distribution.

Hydrometer Analysis

Sample Preparation: In accordance with conventional protocols, a
representative soil sample is gathered and appropriately prepared. This could
involve removing any organic material or waste, grinding, and air-drying.

Figure 3-6: Hydrometer analysis
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e Suspension Preparation: To create a suspension with a particular solids-to-
water ratio, a known mass of the prepared soil sample is combined with water.
After that, the suspension is well mixed to guarantee that the soil particles are
distributed evenly throughout the water.

e Hydrometer Setup: A hydrometer is a specialist tool used to gauge the density
of liquids. It is gently dropped into the suspension. The specific gravity or
density of the suspension at different depths can be measured using a
calibrated hydrometer.

e Settling Process: The suspension is left to settle for a fixed amount of time,
usually between forty and forty-eight hours. In this period, the size and density
of the soil particles settle out of suspension; larger and denser particles settle
more quickly than smaller and lighter ones.

e Density Measurements: Using a hydrometer, density readings are recorded at
various suspension depths at regular intervals during the settling phase. The
sedimentation curve can be calculated using the hydrometer measurements,
which also reveal information about the rate at which particles settle.

e Data analysis: A sedimentation curve, also known as a particle size
distribution curve, is created using the hydrometer values, settling time, and
suspension characteristics. As a function of settling time or suspension depth,
this curve displays the proportion of soil particles smaller than a certain size.

3.7 Liquid Limit by Casagrande

The liquid limit test is a basic geotechnical engineering process that was created by
Arthur Casagrande in the 1930s to determine the moisture content at which a fine-
grained soil changes from a plastic to a liquid condition. The inability of the soil to
flow and keep a groove under conventional mechanical manipulation is what
distinguishes this transition. The following actions are part of the Casagrande method:

Sample preparation: involves gathering and air-drying a representative soil sample.
After that, the sample is ground up to get rid of any aggregates, and it is sieved to
guarantee consistency and get rid of large particles. Mixing: To make a paste with
different moisture contents, water is progressively added to the ground soil. This paste
is completely blended to provide a uniform, homogenous texture. Test Setup: Get the
conventional liquid limit apparatus ready, usually consisting of a Casagrande cup and
grooving tools. After adding the soil paste to the cup, a grooving tool is used to create
a groove across the diameter of the cup. Mechanical Manipulation: To force the soil
paste to flow and seal the groove, the cup is repeatedly raised and lowered onto a hard
surface.
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Figure 3-7: Liquid limit by Casagrande method

It is noted how many strikes are needed to close the groove over a given distance,
usually 12.7 mm. Liquid Limit Determination: A standardized calibration curve or
table is used to find the moisture content that corresponds to the number of blows.
The soil's liquid limit is represented by this moisture content.

3.8 Plastic Limit by Hand Rolling Method

In geotechnical engineering, the plastic limit is a crucial metric that is used to assess
the degree of plasticity in fine-grained soils, especially clays. The moisture level at
which a soil changes from a plastic to a semi-solid condition is known as the plastic
limit. The hand rolling method is a widely used technique for figuring out the plastic
limit. It is a straightforward process that may be carried out in a lab or on the job. An
outline of the process is provided below:

Sample Preparation: Take a representative soil sample from the location to start. The
sample needs to be cleared of any large aggregates or debris and allowed to air dry.
Subsequently, reduce the size of the soil sample and strain it through a 425-micron
screen to eliminate large particles.

Mixing: Using your hands, thoroughly knead the soil sample until it achieves a
consistency that allows it to be molded without disintegrating or clinging to your
hands too much. Then, gradually add water to the soil sample. In order to guarantee
even moisture distribution throughout the soil sample, this step is essential.

Rolling: On a non-absorbent surface (such a glass plate or smooth countertop), take a
part of the moist soil sample and roll it between your palms to form a thread-like
shape that is about 3 mm (or 1/8 inch) in diameter and 3 inches (or 75 mm) in length.

©Daffodil International University 18



Figure 3-8 Hand Rolling for plastic limit

Testing: Keep rolling more soil sample until it gets harder and harder to make threads
without breaking them. The soil sample's moisture content should now be noted
because it indicates the plastic limit.

Repeat: To guarantee precision and dependability of the outcomes, repeat the rolling
procedure with extra soil samples. After taking several measurements, figure out the
soil's average plastic limit.

Reporting: When the hand-rolled threads start to show indications of breaking and
crumbling, report the plastic limit as the moisture content that corresponds to that
stage. Usually, a percentage is used to represent this amount.

3.9 Cone Penetration Method: Followed Similar Process both LL
and PL

In geotechnical engineering, the Cone Penetration Test and the assessment of the
liquid limit (LL) and plastic limit (PL) are separate processes that are employed for
different objectives. They are essentially different tests with distinct procedures and
goals, even though they could have some equipment and testing concepts in common.

Below is a quick synopsis of each technique:
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3.9.1 Cone Penetration Test:

Figure 3-9: Sample of soil void and level check

Figure 3-10: Sample of soil leveled with can height
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Figure 3-11: Testing with cone penetrometer

The Cone Penetration Test is a popular in-situ testing technique used to assess the
strength, stiffness, and stratigraphy of soil. It entails measuring the resistance
encountered while continuously inserting a cone-shaped penetrometer into the earth.

Procedure: Using hydraulic or mechanical equipment, a penetrometer with a cone-
shaped tip is pushed into the ground at a steady rate during the test. Cone resistance
(gc) and sleeve friction (fs) data are continually recorded as the cone progresses.
Geotechnical characteristics like shear strength and relative density, as well as soil
attributes like consistency and type, are interpreted using these measurements.

Tests for Plastic Limit (PL) and Liquid Limit (LL):

The purpose of the plastic limit and liquid limit tests is to ascertain the water content
at which a soil changes from a plastic to a semi-solid state (plastic limit) and from a
plastic to a liquid state (liquid limit), respectively. These are laboratory tests. The
consistency and plasticity of fine-grained soils must be evaluated using these tests.
Procedure: The plastic limit test entails rolling a soil sample into threads of a certain
size until it crumbles, whereas the liquid limit test usually entails repeatedly striking a
soil sample with a standardized cup on a standardized groove until the soil changes
from a plastic to a liquid state. The liquid limit and plastic limit, respectively, refer to
the moisture content at which these transformations take place and are determined and
reported.
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Chapter 4

RESULTS AND DISCUSSIONS
4.1 General

This important section presents the results of our exhaustive experimentation and
analysis, which is the pinnacle of our research. Following a path of empirical
investigation and theoretical analysis, conclusions have emerged that hold the
potential to provide important new light on the topic at hand.

4.2 Specific Gravity

The Specific gravity has been calculated for the collected sample. Calculations are
shown down below.

4.2.1 Specific Gravity for JU (Geology Department) Soil Sample

The calculation shows the specific gravity for the sample from JU (geology
department).

Weight of Pycnometer = 112 g

Weight of Pycnometer + soil =162 g
Pycnometer + soil + water = 3859 (W1)
Pycnometer + water = 356 g(W>)
Weight of soil =50 g (Ws)

Wi 50

Gs (at 29°C) = WS—W1+W2: 50—385+356: 2.5

Gy, (atTc)

Gs (at 20°c) = Gs (at T°c) X G, (at 20°C)

Gw (at 29°c)
Gw (at 20°c)

= Gs (at 29°c)
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4.2.2 Specific Gravity for JU (Shapla Chattor ) Soil Sample

This sample is from the JU (Shapla Chattor) the specific gravity has been determined
of it.

Weight of Pycnometer. =112 g

Weight of Pycnometer + soil =162 g

Weight of Pycnometer + soil + water = 385g (W1)
Weight of Pycnometer + water = 355 g(wz)

wt. of soil 50 g (ws)

ws o _ 50 95

o= = =
Gs (at 29°C) Ws—Wi+W, 50-385+355

Gy (atTc)

Gs (at 20°c) = Gs (at T°c) X G, (at 20°C)

Gy, (at 30°c)
Gy (at 20°c)

= Gs (at 29°c) x

0.9960
0.9982

=25

4.2.3 Specific Gravity for Uptown (Ashulia) Soil Sample

This specific gravity calculation shows the specific gravity value for Uptown
(Ashulia).

Weight of Pycnometer = 111 g

Weight of Pycnometer + soil =161 g

Weight of Pycnometer + soil + water = 387g (W1)
Weight of Pycnometer + water = 355 g(w-)

wt. of soil 50 g (ws)

ws o _ 50

= =277
Ws—W.+Wy  50-387+355

Gs (at 30°C) =

G,, (atTc)

Gs (at 20°c) = Gs (at T°c) X G, (at 20°C)

Gy (at 30°c)
Gy (at 20°c)

= Gs (at 30°c) x

©Daffodil International University 23



4.2.4 Specific Gravity for Barobazar (Ashulia) Soil Sample

Specific gravity has been determined for the sample from Barobazar ( Ashulia)
Weight of Pycnometer = 112 g

Weight of Pycnometer + soil =162 g

Weight of Pycnometer + soil + water = 3879 (W1)

Weight of Pycnometer + water = 354 g(wz)

wt. of soil 50 g (ws)

Wy _ 50 29
We—Wi+W5 50-387+354 )

Gs (at 30°C)=

Gy (atTc)

Gs (at 20°c) = Gs (at T°c) X G, (at 20°C)

Gy (at 30°c)

= Gs (at 30°c) x 5, (120°0)

0.9957
0.9982

=2.89

4.2.5 Specific Gravity for Chapai Nawabganj Soil Sample

This sample is from Chapai Nawabganj and the specific gravity has been determined
for it.

Weight of Pycnometer = 112 g

Weight of Pycnometer + soil =162 g

Weight of Pycnometer + soil + water = 3869 (W1)
Weight of Pycnometer + water = 355 g(wz)

wt. of soil 50 g (ws)
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Ws 50 _9763

Gs (at 30°C)= 3 — -~ 503861355

Gy (atTc)

Gs (at 20°c) = Gs (at T°c) X = (at 20°C)

Gy, (at 30°c)
Gw (at 20°c)

= Gs (at 30°c) x

4.2.6 Specific Gravity for BUET Campus Soil Sample

This sample has been collected from BUET to test and its specific gravity has been
determined here.

Weight of Pycnometer = 111 g

Weight of Pycnometer + soil = 161 g

Weight of Pycnometer + soil + water = 3869 (W1)
Weight of Pycnometer + water = 355 g(wz)

wt. of soil 50 g (ws)

Wy _ 50 =263

Gs (at 30°C) = W,—Wi+W; 50-386+355

G,, (atTc)

Gs (at20°c) =Gs(atToc) x ~-ore

Gy (at 30°c)
Gy, (at 20°c)

= Gs (at 30°c) x
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4.3 Wash Sieve Analysis
Wash sieve analysis has been done for each sample. here are the tables of results for the sample down below.

Table 4-1: Wash sieve data for JU (Geology department) soil sample

Sieve no Opening Sieve wt.(gm) Sieve +soil Wt. of soil Percent of Cumulative
(mm) wt.(gm) retrained retrained percent
retrained
1 2 3 4 5 6 7
4 4.75 401 403 2 9.52 9.52
8 2.36 293 293 0 0 9.52
16 1.18 289 290 1 4.76 14.28
30 0.60 298 299 1 4.76 19.04
50 0.297 295 307 12 57.14 76.18
100 0.149 250 254 4 19.04 95.22
200 0.075 305 306 1 4.76 99.98
pan 305 305 0 0 99.98
total =21

©Daffodil International University

Percent finer

90.48

90.48

85.72

80.96

23.82

4.78

0.02

100
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Sieve no

16

30

50

100

200

pan

total
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Opening
(mm)

2
4.75
2.36
1.18
0.60

0.297
0.149

0.075

Table 4-2: Wash sieve data for JU (Shapla Chattor) soil sample

Sieve wt.(gm)

401

293

289

298

295

250

305

305

Sieve +soil
wt.(gm)

4

403

293

290

299

308

255

306

305

Wt. of soil
retrained

5

2

Percent of
retrained

6

8.69

4.34

4.34

56.52

21.74

4.34

Cumulative
percent
retrained
7

8.69
8.69
13.03
17.37
73.89
95.63
99.97

99.97

Percent finer

91.31

91.31

86.97

82.63

26.11

4.37

0.03

0.03
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Sieve no

16

30

50

100

200

pan

total
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Opening (mm)

4.75

2.36
1.18

0.60

0.297
0.149

0.075

Table 4-3: Wash sieve data for Barobazar (Ashulia) soil sample

Sieve wt.(gm)

401

293
289

298

295
250
305

305

Sieve +soil
wt.(gm)

4
401

293
290

298

308
260
306

305

Wit. of soil
retrained

5

0

13

10

Percent of
retrained

6

0

52

40

Cumulative
percent
retrained
7
0

0

52
92
96

96

Percent finer

100

100

96

100

48
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Sieve no

16

30

50

100

200

pan

total
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Opening
(mm)

2
4.75

2.36
1.18

0.60

0.297
0.149

0.075

Table 4-4: Wash sieve data for Uptown (Ashulia) soil sample

Sieve wt.(gm)

401
293
289

298

295
250
305

305

Sieve +soil
wt.(gm)

4
401
293

289

298

306
255
306

305

Wt. of soil
retrained

5

0

Percent of
retrained

6

0

64.70

29.41

5.88

Cumulative
percent
retrained
7

0

0

64.70
94.11
99.99

99.99

Percent finer

100

100

100

100

35.3

5.89

0.01

0.01



Sieve no

16

30

50

100

200

pan

total
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Opening (mm)

4.75

2.36
1.18

0.60

0.297
0.149

0.075

Table 4-5: Wash sieve data for Chapai Nawabganj soil sample

Sieve wt.(gm)

401

293
289

298

295
250
305

305

Sieve +soil
wt.(gm)

4
401
293
289

298

305
254
306

306

Wt. of soil
retrained

5

=16

Percent of
retrained

6

62.5

25

6.25

6.25

Cumulative
percent
retrained
7

62.5
87.5
93.75

100

100

100

100

100

37.5

125

6.25

Percent finer

30



Table 4-6: Wash sieve data for BUET Campus soil sample

Sieve no Opening Sieve wt.(gm) Sieve +soil Wt. of soil Percent of Cumulative Percent finer
(mm) wt.(gm) retrained retrained percent
retrained
1 2 3 4 5 6 7 8
4 4.75 401 401 0 0 0 100
8 2.36 293 293 0 0 0 100
16 1.18 289 289 0 0 0 100
30 0.60 298 298 0 0 0 100
50 0.297 295 307 12 66.67 66.67 37.5
100 0.149 250 254 4 22.22 88.89 125
200 0.075 305 306 1 5.56 94.45 6.25
pan 305 306 1 5.56 100.01 0
total =18
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4.4 Hydrometer Analysis

Hydrometer Analysis are shown down below for each sample. Test time about 48hr (2880 min) for each sample.

Table 4-7: Hydrometer Analysis for JU (Geology department) soil sample

Hyd oot | %
owe | o6k | | Temp | ot | Oniytor | cdopth | S | oiweer | et | oo | oy | Porton | Fier
time (min) C re?_\gjmg meniscu L ™w | erD tion CT Regdlng than 200 )
a RS|_ em poise mm c sieve N’
only) N

1 2 3 4 5 6 7 8 9 10 11 12 13 14
31.04.24 25s 0.416 29 21 21 12.8 | 0.9960 | 0.00818 | 0.0717 | +3.05 | 21.05 41.3 0.083
31.04.24 50s 0.83 29 20 20 13.01 | 0.9960 | 0.00818 | 0.0512 | +3.05 | 20.05 37.2 0.074
31.04.24 | 1:01PM 1 29 18 18 13.3 | 0.9960 | 0.00818 | 0.0247 | +3.05 | 18.05 37.2 0.074
31.04.24 | 1:02PM 2 29 16 16 13.7 | 0.9960 | 0.00818 | 0.0338 | +3.05 | 16.05 35.1 0.070
31.04.24 | 1:04PM 4 29 15 15 13.8 | 0.9960 | 0.00818 | 0.0240 | +3.05 | 15.05 31 0.062
31.04.24 | 1:08PM 8 29 14 14 13.9 | 0.9960 | 0.00818 | 0.0170 | +3.05 | 14.05 28.9 0.058
31.04.24 | 1:16PM 16 29 12 12 14.3 | 0.9960 | 0.00818 | 0.0122 | +3.05 | 12.05 24.8 0.050
31.04.24 | 1:32PM 32 29 11 11 145 | 0.9960 | 0.00818 | 0.0087 | +3.05 | 11.05 22.7 0.045
31.04.24 | 2PM 60 29 9 9 14.8 | 0.9960 | 0.00818 | 0.0064 | +3.05 9.05 20.7 0.041
31.04.24 | 3PM 120 29 7 7 15.1 | 0.9960 | 0.00818 | 0.0046 | +3.05 7.05 20.7 0.041
31.04.24 | 5PM 240 29 6.5 6.5 15.2 | 0.9960 | 0.00818 | 0.0032 | +3.05 6.55 18.6 0.037
01.04.24 | 1:01PM 1440 29 6 6 15.3 | 0.9960 | 0.00818 | 0.0013 | +3.05 6.05 16.6 0.033
02.04.24 | 1:01PM | 2880 29 6 6 15.3 | 0.9960 | 0.00818 | 0.0009 | +3.05 6.05 16.6 0.033
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Table 4-8: Hydrometer Analysis for JU (Shapla Chattor) soil sample

Hyd. % Finer
Corr. . N . (% of %
Observed Effectiv i Viscosity of | Grain - :
Clock | Elapsedtime | Temp | Hydrometer | O™ | ¢depth Lt Watg diameter Temp %Oﬂeﬁjt_e portion Finer
Date . . . for p of water correction Y finer (combine
time (min) C reading : L W n D cT Reading thaln #200 d
Ra meniscu cm poise mm RC an )
S sieve N’
RL only) N
1 2 3 4 5 6 7 8 9 10 11 12 13 14
31.04.24 25s 0.416 29 20 20 13 0.9960 | 0.00818 | 0.0723 +3.05 20.05 43.3 0.072
31.04.24 50s 0.83 29 18 18 13.3 | 0.9960 | 0.00818 | 0.0518 +3.05 18.05 41.3 0.069
31.04.24 | 1:01PM 1 29 18 18 13.3 | 0.9960 | 0.00818 | 0.0472 +3.05 18.05 37.2 0.062
31.04.24 | 1:02PM 2 29 17 17 13.5 | 0.9960 | 0.00818 | 0.0336 +3.05 17.05 33 0.055
31.04.24 | 1:04PM 4 29 15 15 13.8 | 0.9960 | 0.00818 | 0.0240 +3.05 15.05 31 0.052
31.04.24 | 1:08PM 8 29 14 14 13.9 | 0.9960 | 0.00818 | 0.0170 +3.05 14.05 28.9 0.048
31.04.24 | 1:16PM 16 29 12 12 14.3 | 0.9960 | 0.00818 | 0.0122 +3.05 12.05 24.8 0.041
31.04.24 | 1:32PM 32 29 11 11 145 | 0.9960 | 0.00818 | 0.0087 +3.05 11.05 22.7 0.038
31.04.24 2PM 60 29 10 10 14.6 | 0.9960 | 0.00818 | 0.0064 +3.05 10.05 18.6 0.031
31.04.24 3PM 120 29 10 10 14.6 | 0.9960 | 0.00818 | 0.0045 +3.05 10.05 145 0.024
31.04.24 SPM 240 29 14.8 | 0.9960 | 0.00818 | 0.0032 +3.05 9.05 13.5 0.023
01.04.24 | 1:01PM 1440 29 14.9 | 0.9960 | 0.00818 | 0.0013 +3.05 8.05 12.4 0.021
02.04.24 | 1:01PM 2880 29 14.9 | 0.9960 | 0.00818 | 0.0009 +3.05 8.05 12.4 0.021
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Table 4-9: Hydrometer Analysis for Barobazar (Ashulia) soil sample

Hyd. ' o _ % Finer _
Elapse Observed Corr. | Effective | unitwt, | Viscosity | Grain Temp | Corrected (% of % Finer
Date Clock time | d time Te(|:”n P | Hydrometer Onlyfor | depth | ofwater | of water diameter | correctio Hyd. portion (combined
(min) reading meniscus L ™w n D nCT Reading finer Fhan )
Ra RL cm poise mm RC #200 sieve N’
only) N

1 2 3 4 5 6 7 8 9 10 11 12 13 14
04.04.24 25s 0.416 30 16 16 13.7 | 0.9957 | 0.008 0.0654 +3.80 16.8 31.92 0.045
04.04.24 50s 0.83 30 15 15 13.8 | 0.9957 | 0.008 0.0465 +3.80 15.8 30.02 0.043
04.04.24 | 11.01AM 1 30 13 13 14.1 | 0.9957 | 0.008 0.0428 +3.80 13.8 26.22 0.037
04.04.24 | 11.02AM 2 30 13 13 14.1 | 0.9957 | 0.008 0.0302 +3.80 13.8 26.22 0.037
04.04.24 | 11.04AM 4 30 13 13 14.1 | 0.9957 | 0.008 0.0214 +3.80 13.8 26.22 0.037
04.04.24 | 11.08AM 8 30 10.5 10.5 145 | 0.9957 | 0.008 0.0153 +3.80 11.3 21.47 0.030
04.04.24 | 11:16AM 16 30 10 10 14.6 | 0.9957 | 0.008 0.0108 +3.80 10.8 20.52 0.029
04.04.24 | 11:32AM 32 30 10 10 14.6 | 0.9957 | 0.008 0.0077 +3.80 10.8 20.52 0.029
04.04.24 12PM 60 30 14.8 | 0.9957 | 0.008 0.0056 +3.80 9.8 18.62 0.026
04.04.24 1PM 120 30 15.1 | 0.9957 | 0.008 0.0040 +3.80 7.8 14.82 0.021
04.04.24 3PM 240 30 6.5 6.5 15.2 | 0.9957 | 0.008 0.0028 +3.80 7.3 13.87 0.020
05.04.24 | 11:01AM | 1440 30 15.3 | 0.9957 | 0.008 0.0011 +3.80 6.8 12.92 0.018
06.04.24 | 11:01AM | 2880 30 15.3 | 0.9957 | 0.008 0.0008 +3.80 6.8 12.92 0.018
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Table 4-10: Hydrometer Analysis for Uptown (Ashulia) soil sample

%

Observed ggrdr Effective Viscosity of | Grain Correct 2:02 g'; %
Date Clock time Elt?rastf @ | Temp Hydrometer | Onlyfor | depth | Unitwt.of wate?f/ diameter co:rZTtF:on Heyd.- r? (f)irr::e(; (clz:r?t(;;e

(min) C reading meniscu L water Yw n D CT Readin than 0

Ra S cm poise mm g ,

RL RC #200 N

sieve
only) N

1 2 3 4 5 6 7 8 9 10 11 12 13 14
04.04.24 25s 0.416 30 17 17 13.5 0.9957 0.008 0.0673 +3.80 17.8 35.24 0.039
04.04.24 50s 0.83 30 16 16 13.7 0.9957 0.008 0.0480 +3.80 16.8 33.26 0.037
04.04.24 | 12:01PM 1 30 15 15 13.8 0.9957 0.008 0.0438 +3.80 15.8 31.28 0.035
04.04.24 | 12:02PM 2 30 15 15 13.8 0.9957 0.008 0.0310 +3.80 15.8 31.28 0.035
04.04.24 | 12:04PM 4 30 13 13 14.1 0.9957 0.008 0.0221 +3.80 13.8 27.32 0.030
04.04.24 | 12:08PM 8 30 12.5 12.5 14.2 0.9957 0.008 0.0157 +3.80 13.3 26.33 0.029
04.04.24 | 12:16PM 16 30 10.5 10.5 14.6 0.9957 0.008 0.0112 +3.80 11.3 22.37 0.025
04.04.24 | 12:32PM 32 30 9 9 14.8 0.9957 0.008 0.0080 +3.80 9.8 194 0.022
04.04.24 1PM 60 30 8.5 8.5 14.9 0.9957 0.008 0.0058 +3.80 9.3 18.41 0.020
04.04.24 2PM 120 30 5.5 5.5 15.3 0.9957 0.008 0.0042 +3.80 6.3 12.47 0.014
04.04.24 4PM 240 30 5 5 154 0.9957 0.008 0.0029 +3.80 5.8 11.48 0.013
05.04.24 | 12:01PM 1440 30 4 4 15.6 0.9957 0.008 0.0012 +3.80 4.8 9.5 0.011
06.04.24 | 12:01PM 2880 30 4 4 15.6 0.9957 0.008 0.0008 +3.80 4.8 9.5 0.011
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Table 4-11: Hydrometer Analysis for Chapai Nawabganj soil sample

Hyd.

% Finer (%

Observed Effectiv ; Viscosit . Correcte : .
Date Clock time 'I£E| :1?5 e Zemp rHefJionrgeter 80an§/ for (Ia_depth gfmtwa\'sgr. Slf Wate)r/ cﬁ;rilertler D ;:rg:nrgction dR;)(/j?ﬁg ?ifnerp' Or?hzg ?C/((;mtlJ:iH;g)r
(min) Ra ginlscus om W poise mm CT RC ii(l)s)sEve N’

1 2 3 4 5 6 7 8 9 10 11 12 13 14
30.04.24 25s 0.416 30 13 13 14.1 | 0.9957 | 0.008 0.0717 +3.80 13.8 27.87 0.037
30.04.24 50s 0.83 30 12 12 14.3 | 0.9957 | 0.008 0.0511 +3.80 12.8 25.85 0.035
30.04.24 | 10:01AM 1 30 12 12 14.3 | 0.9957 | 0.008 0.0465 +3.80 12.8 25.85 0.035
30.04.24 | 10:02AM 2 30 12 12 14.3 | 0.9957 | 0.008 0.0329 +3.80 12.8 25.85 0.035
30.04.24 | 10:04AM 4 30 11.5 11.5 14.4 | 0.9957 | 0.008 0.0233 +3.80 12.3 24.84 0.033
30.04.24 | 10:08AM 8 30 10.5 10.5 145 | 0.9957 | 0.008 0.0165 +3.80 11.3 22.82 0.031
30.04.24 | 10:16AM 16 30 10 10 14.6 | 0.9957 | 0.008 0.0117 +3.80 10.8 21.81 0.029
30.04.24 | 10:32AM 32 30 9 9 14.8 | 0.9957 | 0.008 0.0083 +3.80 9.8 19.79 0.027
30.04.24 | 11:01AM 60 30 7 7 15.1 | 0.9957 | 0.008 0.0061 +3.80 7.8 15.75 0.021
30.04.24 12PM 120 30 5 5 15.4 | 0.9957 | 0.008 0.0044 +3.80 5.8 11.71 0.016
30.04.24 2PM 240 30 4 4 15.6 | 0.9957 | 0.008 0.0031 +3.80 4.8 9.69 0.013
01.05.24 | 10:01AM 1440 30 3 3 15.7 | 0.9957 | 0.008 0.0012 +3.80 3.8 7.67 0.010
02.05.24 | 10:01AM 2880 30 3 3 15.7 | 0.9957 | 0.008 0.0009 +3.80 3.8 7.67 0.010
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Table 4-12: Hydrometer Analysis for BUET Campus soil sample

Observ Hyd. % Finer

p Corr. . _ Viscosit : (% of %
Elapsed | ¢ Only | Effective | unitwt. yof Grain Temp Corrected | portion Finer
Date Clock time | time émp | Hydrom for depth | of water diamet | correction | _Hyd. finer combine

: C eter L water erD Reading (
(min) : menisc W n CcT than #200 d)
reading us cm Doise mm RC Sieve N’
Ra RL only) N

1 2 3 4 5 6 7 8 9 10 11 12 13 14
13.05.24 25s 0.416 | 30 16 16 13.7 | 0.9957 | 0.008 | 0.0706 | +3.80 16.8 33.93 0.034
13.05.24 50s 0.83 30 12 12 14.3 | 0.9957 | 0.008 | 0.0511 | +3.80 12.8 25.85 0.026
13.05.24 | 9:01AM 1 30 11 11 14.4 | 0.9957 | 0.008 | 0.0467 | +3.80 11.8 23.83 0.024
13.05.24 | 9:02AM 2 30 10.5 10.5 145 | 0.9957 | 0.008 | 0.0331 | +3.80 11.3 22.82 0.023
13.05.24 | 9:04AM 4 30 10 10 14.6 | 0.9957 | 0.008 | 0.0235 | +3.80 10.8 21.81 0.022
13.05.24 | 9:08AM 8 30 10 10 14.6 | 0.9957 | 0.008 | 0.0166 | +3.80 10.8 21.81 0.022
13.05.24 | 9:16AM 16 30 8 8 14.9 | 0.9957 | 0.008 | 0.0118 | +3.80 8.8 17.77 0.018
13.05.24 | 9:32AM 32 30 5 5 15.4 | 0.9957 | 0.008 | 0.0085 | +3.80 5.8 11.71 0.012
13.05.24 | 10:01AM 60 30 5 5 15.4 | 0.9957 | 0.008 | 0.0062 | +3.80 5.8 11.71 0.012
13.05.24 | 11:01AM | 120 30 3 3 15.8 | 0.9957 | 0.008 | 0.0044 | +3.80 3.8 7.67 0.008
13.05.24 1PM 240 30 3 3 15.8 | 0.9957 | 0.008 | 0.0031 | +3.80 3.8 7.67 0.008
13.05.24 5PM 480 30 3 3 15.8 | 0.9957 | 0.008 | 0.0022 | +3.80 3.8 7.67 0.008
14.05.24 | 9:01AM | 1440 30 2.5 2.5 15.9 | 0.9957 | 0.008 | 0.0013 | +3.80 3.3 6.67 0.007
15.05.24 | 9:01AM | 2880 30 2.5 2.5 15.9 | 0.9957 | 0.008 | 0.0009 | +3.80 3.3 6.67 0.007
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4.5 Hydrometer Analysis Graph

The comparison of Wash sieve analysis and Hydrometer analysis combined have been
shown in semi-log graph for each sample.
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4.5.1 Hydrometer Graph for JU (Geology Department) Soil Sample

The Hydrometer graph has been shown for the sample of JU (Geology Department)

Hydrometer graph for JU (Geology Department) soil sample
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Figure 4-1: Hydrometer graph for JU (Geology Department) soil sample
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4.5.2 Hydrometer Graph for JU (Shapla Chattor) Soil Sample

The graph has been shown for the sample of JU (Shapla Chattor)

Hydrometer graph for JU (Shapla Chattor) soil sample
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Figure 4-2: Hydrometer graph for JU (Shapla Chattor) soil sample
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4.5.3 Hydrometer Graph for Barobazar (Ashulia) Soil Sample

The graph has been shown for the sample of Barobazar (Ashulia)

Hydrometer graph for Barobazar (Ashulia) soil sample
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Figure 4-3: Hydrometer graph for Barobazar (Ashulia) soil sample
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4.5.4 Hydrometer Graph for Uptown (Ashulia) SOIL SAMPLE

The graph has been shown for the sample of Uptown (Ashulia).

Hydrometer graph for Uptown (Ashulia) soil sample
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Figure 4-4: Hydrometer graph for Uptown (Ashulia) soil sample
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4.5.5 Hydrometer Graph for Chapai Nawabgonj SOIL SAMPLE

The graph has been shown for the sample of Chapai Nawabganj.

Hydrometer graph for Chapai Nawabgonj soil sample
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Figure 4-5: Hydrometer graph for Chapai Nawabgonj soil sample
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4.5.6 Hydrometer Graph for BUET Campus Soil Sample

The graph has been shown for the sample of BUET Campus.

10 1
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Hydrometer graph for BUET Campus soil sample
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Figure 4-6: Hydrometer graph for BUET Campus soil sample
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4.5.7 Combined Hydrometer Graph of Soil Sample

To compare all the sample together a combined graph has been made with all the values from above.

Combined Hydrometer Graph of Soil Sample
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Figure 4-7:
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4.6 Percentage of Sand, Silt and Clay
4.6.1 General

Soils are made with three types of particle size. Namely, they are sand, silt, and clay.
Usually, soil particles from 2.0 mm to 0.05 mm are sand. Soil particle sizes from 0.05
mm to 0.002mm are silt and particle sizes less than 0.002 mm are known as clay.

4.6.2 Percent of Sand, Silt and Clay for the Tested Samples

Here is the table of percent of sand, silt and clay for the samples for this test.

Table 4-13: Percent of sand, silt and clay

. JU .
o |G | hapa | S| bptowr | chps | gy
P P Chattor) gon)
Sand 47.16 45.49 56.16 56.69 65.83 67.40
Silt 40.02 37.18 30.43 33.07 25.75 25.21
Clay 12.82 17.33 13.41 10.24 8.42 7.39

4.7 Liquid Limit by Casagrande Method

At this point the graph of liquid limit using Casagrande method has been shown for
each sample.

4.7.1 JU (Geology Department)

This is the liquid limit graph for JU (Geology Department)
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JU (Geology Department)
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Figure 4-8: Graph of liquid limit by Casagrande method for JU (Geology Department)

4.7.2 JU (Shapla Chattor)

This is the liquid limit graph for JU (Shapla Chattor)

JU (Shapla Chattor)
29.0

27.0

25.0
230 LL:22%
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Water Content %
[ )
1

1 10 100
Number of Blow

Figure 4-9: Graph of liquid limit by Casagrande method for JU (Shapla Chattor)
4.7.3 Barobazar (Ashulia)

This is the liquid limit graph for Barobazar (Ashulia)
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Figure 4-10: Graph of liquid limit by Casagrande method for Barobazar (Ashulia)

4.7.4 Uptown (Ashulia)

This is the liquid limit graph for Uptown (Ashulia)
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Figure 4-11: Graph of liquid limit by Casagrande method for Uptown (Ashulia)
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4.7.5 Chapai Nawabganj

This is the liquid limit graph for Chapai Nawabganj
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Figure 4-12: Graph of liquid limit by Casagrande method for Chapai Nawabganj

4.7.6 BUET Campus

This is the liquid limit graph for BUET Campus
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Figure 4-13: Graph of liquid limit by Casagrande method for BUET Campus
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4.8 Plasticity Index

Here is the list of plasticity index of the tested sample. Here plasticity index is the
difference of the value of liquid limit and plastic limit.

Table 4-14: Table of plasticity index and symbol

SI No. LOCATION LL PL Pl SYMBOL
1 U (Geology 42 28 | 140 ML
department)
2 JU (Shapla Chattor) 22 19 3.0 CL
3 Barobazar (Ashulia) 155 12 35 CL
4 Uptown (Ashulia) 35.5 22 13.5 CL
5 Chapai Nawabganj 38.19 29 9.2 ML
6 BUET 25.7 17 8.7 CL

4.8.1 Plasticity index Chart

Here is the plasticity index chart for all of the sample using Casagrande method.

60 Casagrande Plasticity Limit
50
40
&
2 30
2
2
7 20
o
10
ML or OL
0
0 20 40 60 80 100
Liquid Limit

Figure 4-14: Plasticity Index Chart for samples.
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4.9 Liquid Limit Using Cone Penetration Method

The graph of liquid limit using cone penetration method has been shown here in this
section.

4.9.1 JU (Shapla Chattor)

The graph of liquid limit for JU (Shapla Chattor)
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Figure 4-15: Graph of Liquid limit by Con Penetration Method for JU (Shapla
Chattor)

4.9.2 Chapai Nawabganj

Graph of the sample of Chapai Nawabganj for liquid limit
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Figure 4-16: Graph of liquid limit by cone penetration method for Chapai Nawabganj
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4.9.3 BUET Campus

This is the liquid limit graph for BUET Campus

BUET Campus
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Figure 4-17: Graph of Liquid limit by cone penetration method for BUET Campus

4.9.4 Description

During conducting this test due to some limitations not all of the test could be done
properly. There was no apparatus to test cone penetration so an arrangement had to
done at a different lab. But due to the distance and time not all of the test was done.
At most 3 of the tests were done successfully.
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4.10 Variation of Liquid Limit Between Two Methods

At this point the variation of each method will be discussed. Here the point that
should be mentioned is, the study has been done on six samples and liquid limit test
has been tasted using the Casagrande Method for all of them. But due to the shortage
of time and apparatus three of the sample were tasted liquid limit using cone
penetration method.

Visual Representation of Liquid Limit Between Two Methods
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2 20
O
315
10
5
0
JU Shapla Chattor Chapai Nawabgon;j BUET

Sample Sample

m Casagrande Method ~ m Cone penetration Method

Figure 4-18: Variation of liquid limit between two methods

4.11 Discussion

The main purpose of the study was to find the variation of liquid limit between
Casagrande and cone penetration method. To conduct the test six sample were taken.
To make sure that the samples were clay the wash sieve has been performed for each
sample. For each of the test liquid limit has been determined using Casagrande
Method. Due to lake of apparatus cone penetration method was tasted at a different
lab. The test was done for three samples. And the three of these samples were
compared to determine the outcome of the study.
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Chapter 5

CONCLUSION
5.1 General

The main purpose of the study was to compare and analyze the liquid limit with cone
penetration and Casagrande method. And compare their values to each other. By
comparing their values any discrepancies or variations can be identified for liquid
limit and practical implications.

5.2 Conclusion

1. It is observed that the result for JU Shapla Chatter was 6.96%, BUET was
1.05%, and Chapai Nawabganj was 1.05% less using the Casagrande method
compared to the cone penetration method.

2. It was found that while most of the tests showed some variations, the results
were almost the same most of the time.

3. However, there were indeed some variations, with the cone penetration
method yielding higher liquid limit values than the Casagrande method.

The study reveals that although there are minor variations in the results between the
Casagrande method and the cone penetration method, the cone penetration method
consistently shows higher liquid limit values. This suggests that while both methods
are generally reliable, the cone penetration method may provide a more accurate
measure of liquid limits in certain contexts. Further research could investigate the
underlying reasons for these variations and determine the specific conditions under
which each method performs best.

5.3 Recommendation

1. If it was possible to perform all of the tests for all of the samples.

2. It could have had a much clearer outcome of the test. While conducting further
research the soil should be oven dried properly and should be grinded to the
finest grain possible.
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