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ABSTRACT

Expansive soils, known for having negative effects on construction projects, create
difficulties due to their unpredictable volume fluctuations in reaction to moisture
variations. The issues these soils present cannot always be solved by using conventional

soil stabilizing techniques.

The primary objective of this research entitled The Effect of Heat Treatment on the
Properties of Expansive Soils was to examine the viability of adopting heat treatment as a
novel method to improve the engineering properties of expansive soils. It aims to produce
mineralogical modifications and positive physical behaviour improvements that reduce
swelling and shrinking and improve load bearing property by submitting soil samples to

regulated heat treatment.

The employed methodology involves laboratory experiments encompassing soil sample
collection, controlled heat treatment using digital thermostat furnace with temperatures
ranging from 100°C to 600°C for a duration of one hour. These tests cover Free Swell,
Linear Shrinkage, Sieve Analysis, Atterberg Limits, Compaction tests and CBR . Data
analysis and optimization was followed to establish relationships between treatment

parameters and property enhancements.

The results of the study indicate that heat treatment can actually improve the engineering
properties of expansive soils by decreasing plasticity and swelling properties and
increasing density and CBR. In this particular study, most of the improvements were

achieved at a temperature of 500°C.

Key Words: Expansive soils, Heat treatment, Engineering properties, Plasticity,

Swelling , Soil stabilization, Mineralogical alterations

viii
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CHAPTER 1

1 INTRODUCTION

This research was conducted to examine the effect of heat treatment to improve the
engineering qualities of expansive soils. It is thought that by subjecting these soils to
carefully regulated heat settings, mineralogical modifications and changes in physical
behaviour can be achieved, lessening the difficulties brought on by swelling and shrinkage.
The study looked at how heat treatment affects expansive soils' particle size distribution,
plasticity, free swell, specific gravity, compaction and CBR characteristics.

1.1 Background

Due to their peculiar behaviour of undergoing considerable volume changes in reaction to
changes in moisture content, expansive soils, provide an enduring geotechnical difficulty in
the building industry (Yariv, 1975) These clay-based soil types are distinguished by their
capacity to expand when exposed to moisture and contract when dried out. Cracks,
settlements, and structural failures can result from such volume variations, which can also
cause catastrophic damage to infrastructure such as buildings, roads, pipelines, and retaining
walls. Expansive soils are quite common around the world, which makes them a serious
safety issue for construction projects as well as a financial one in terms of maintenance and

repair expenses.

Clay minerals, which are found in various mineralogical groups, make up the majority of
the minerals in expansive soils. Montmorillonite, illite, smectite, bentonite, beidellite,
vermiculite, attapulgite, nontronite, and chlorite are some of the most prevalent varieties of
expansive clays. These clays' expanding behaviour is influenced by unique chemical and
mineralogical properties that each of them exhibits.

Tests to identify expansive clays include mineralogical tests, indirect tests and direct
measurements. For practicing engineers only direct measurements such as index properties
is relevant and hence this research used the direct measurements to measure the index and

engineering properties of the expansive clay sample
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Some of the common methods of stabilization of expansive soils include chemical
stabilization (treating with cement, commercially manufactured chemicals, etc), physical
stabilization (blending with non-expansive soils, fly ash, slag, and undercutting and
replacement) and moisture barriers (fill blanketing, etc).

All of these methods have benefits and drawbacks, but they all provide solutions to the
problems that expansive soils provide. As a substitute strategy to enhance the engineering
properties of expansive soils, the development of novel and sustainable methods for
stabilizing soil, such as heat treatment, has attracted attention. The goal of heat treatment is
to alter the physical behaviour of soils and produce mineralogical changes that will lessen
their propensity for swelling and shrinkage. This is accomplished by exposing soil samples

to regulated temperature settings.

Studies looking into how well heat treatment works on expansive soils have shown
encouraging findings. However, there are still issues with the thorough evaluation of its
impacts on a variety of engineering properties and the optimization of treatment parameters
for diverse soil types. By performing a comprehensive analysis of the effects of heat
treatment on the engineering characteristics of expansive soils and figuring out the ideal

circumstances for maximizing property enhancement, this research sought to close these

gaps.

Insights into the mechanisms underpinning heat treatment's impacts on expansive soils is
provided by this research, which is likely to advance the area of geotechnical engineering.
The findings of this study could revolutionize present construction techniques and provide
workable answers to the ongoing problems faced by expansive soils in infrastructure

projects.

Previous researches on the effect of heat treatment on the properties of expansive soils
showed that heat induces mineralogical changes within these soils which resulted in
appreciable improvements in engineering properties. (Kantheti N V K Hanuma, Dr.
D.S.V.Prasad, June -2017)

ASTU MSc in Geotechnical Engineering
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1.2 Statement of the Problem:

Expansive soils, which are known for their propensity to significantly increase in volume in
reaction to moisture fluctuations, present considerable challenges to the construction sector.
These soils, often referred to as shrink-swell soils, are well known for undermining
foundations, pavements, and buildings due to their unpredictable nature. (Chijioke
Christopher Ikeagwuani, 2019)The expansion and contraction of these soils can result in
cracks, settlements, and other structural issues, which can be very expensive to maintain and

repair.

Innovative solutions are required to solve this enduring issue since conventional soil
stabilization techniques fall short in their ability to effectively mitigate the negative
consequences of expansive soils. Especially , for road construction projects where suitable
replacement borrow material or other soil improvement materials are not found within an

economical hauling distance this becomes even more relevant.

Moreover, undercutting and replacement of the expansive soil, which is the common method
of treatment in road construction projects, is not only very uneconomical, but also
environmentally destructive in that both the undercutting and the wasting exercises of the
expansive soil do consume a lot of fuel energy, over and above the same destructive and
uneconomical necessity of excavating, hauling and placing of the borrowed suitable
material. The environmental and landscape disfigurement involved is also huge. On the
other hand, heat treatment would minimise these exercises by limiting them to the

modification of the in-situ natural material itself and the utilization of the same.

The other less common but alternative solution exercised in the road construction sector in
the country is the use of cement treatment. However, not only cement is found in the country
in specific geographical locations, making the application unpractical due to the long
hauling distance, but also the exercise is limited to the stabilization of subgrade and upper

lying pavement layers due to economic limitations.

As mentioned above, when the availability of suitable replacement borrowed material is not
located within the proximity of the construction project, the only economically viable and

handy method should be the use of heat treatment to improve the in-situ material.

ASTU MSc in Geotechnical Engineering
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However, due to the absence of the awareness of the merits of heat treatment to solve the
challenges posed by expansive soils on the part of not only the planning and implement
bodies, but also the road contractors, many road projects located in predominantly black
cotton corridors are only treated using conventional stabilization methods such as

replacement with suitable borrow material and sometimes chemical treatments.

Therefore, this research is hopped to contribute in this regard by creating awareness of the
merits of heat treatment and encouraging further researches toward the actual

implementation of the same through funded studies.

1.3 Research Objectives:

1.3.1 General Objectives

The objective of this research is to investigate the potential of heat treatment in improving

the properties of expansive soils.

1.3.2 Specific Objectives

The specific objectives of this study is to:
e evaluate the effectiveness of heat treatment in reducing the swelling potential of
expansive soils.
e assess the changes in plasticity, grain size distribution, maximum dry density and
CBR resulting from heat treatment.
e determine the optimal temperature and duration of heat treatment required for

maximum enhancement of engineering properties.

1.4 Hypotheses

In line with these objectives, our hypotheses are as follows:

1. The application of heat treatment will result in a significant reduction in the swell
potential and plasticity of expansive soils.
2. Heat treatment will lead to an improvement in the grain size distribution and load-

bearing capacity of expansive soils.

ASTU MSc in Geotechnical Engineering
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3. There is an optimal temperature for each expansive soils where the improvements

in the engineering properties make the soil suitable for most construction projects.

1.5 Significance of the Study

This research proposal seeks to address the existing gaps by conducting a systematic
investigation into the effects of heat treatment on a variety of engineering properties of
expansive soils. By comprehensively evaluating changes in plasticity, grain size
distribution, load-bearing capacity, swell, and shrinkage under a range of treatment
conditions, the study aims to provide valuable insights into the potential of heat treatment
as a solution for managing expansive soils in construction projects. The findings have the
potential to not only advance the field of geotechnical engineering but also offer innovative
and sustainable solutions that can revolutionize current soil stabilization practices (Charles
K. Kabubo et al, January 2017)

1.6 Scope of the Study:

The scope of this study encompasses the following aspects:

Laboratory Experiments: The research was focused on conducting laboratory experiments
to investigate the effects of heat treatment on expansive soil samples. Various treatment
temperatures from 100°C to 600°C for a duration of one hour were examined and assessed
on their impact on engineering properties.

Engineering Property Evaluation: The study comprehensively evaluated the changes in
engineering properties of expansive soils after heat treatment which would make them
suitable specially for road construction projects . This includes assessments of swelling
potential, plasticity properties, grain size distribution, CBR, and linear shrinkage.
Optimization: The research has identified the optimal temperature and duration of heat
treatment required to achieve the maximum improvement in engineering properties.

. Analysis and Interpretation: Data obtained from laboratory tests were analysed and
statistically interpreted to establish relationships between heat treatment parameters and
property enhancements.

Practical Implications: While the research focuses on laboratory investigations, the findings
could have practical implications for construction projects involving expansive soils,

potentially leading to alternative soil stabilization practices.

ASTU MSc in Geotechnical Engineering
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CHAPTER 2

2 LITERATURE REVIEW
2.1 General

Expansive soils have long been recognized as a challenging geotechnical issue, impacting
infrastructure projects globally. The literature on soil stabilization techniques is extensive,
and recent studies have shown an increased interest in the potential of heat treatment as an

alternative solution.

Expansive soils have different chemical compositions that makes them highly, moderately
or minimally expansive and depending on that their impacts on the construction sector. They
can be categorized into three major groups in terms of their chemical composition.

Montmorillonite: The smectite category of clay minerals includes the swelling material
montmorillonite. It has the following chemical composition: (Na, Ca)oss(Al,
Mg)2(Siz010)(OH)2.nH20. Diameter ranges from 0.05-10pum and with SSA of 700-800m?/g

(Chen, Foundations on expansive soils, 1975)

The material has an unusual crystal structure with sheets that resemble layers and can
expand and contract as a result of water molecules intercalating in them. The capacity of
montmorillonite to absorb water and expand in volume, causing soil swelling, is what causes
this expansive tendency. Exchangeable cations between the mineral layers hydrate, which

causes the expansion.

Illite: It is a mica-group clay mineral that does not swell as much as the smectite group.
Ko.65-0.85Al2.0-2.5S135-40010(OH)2(OH,F):2 is its chemical formula. Diameter ranges from 0.5-

10um and with SSA of 60-180m?/g (Chen, Foundations on expansive soils, 1975)

Illite and montmorillonite both have layered structures, however lllite is less aggressive in
the expanding qualities connected to interlayer water absorption. Illite, however, can
influence soils' general engineering behaviour by enhancing their flexibility and

compressibility.

ASTU MSc in Geotechnical Engineering
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Kaolinite: consists of one silica tetrahedral sheet and one alumina octahedral sheet or 1:1
lattice type with typical basal spacing of about 7.2A, is non-swelling clay mineral with the
chemical composition Al>Si2O5(OH)a. It has a platy crystal structure that resists interlayer

water absorption.

The basic kaolin mineral structure comprising the minerals kaolinite, dickite, nacrite, and
halloysite is a layer of a single tetrahedral sheet and a single octahedral sheet. These two
sheets are combined to form a unit in which the tips of the silica tetrahedrons are joined
with the octahedral sheet. All of the apical oxygens of the silica tetrahedrons point in the
same direction so that these oxygens and/or hydroxyls, which may be present to balance

the charges, are shared by the silicones. (Murray, 2006)

Kaolinite diameter ranges from 0.5-4um and with SSA of 10-20m?/g (Chen, Foundations
on expansive soils, 1975) and it has less plasticity and capacity for adsorbing cations than

Illite and smectite.

Kaolinite helps make soils cohesive and fine-grained even though it is not the cause of
expansive behaviour. In comparison to montmorillonite-rich soils, kaolinite-rich soils often

have lower plasticity and display less volume change.

Soil stabilization is defined as chemical or mechanical treatment designed to increase or

maintain the stability of soil mass and also improve its engineering properties

Given the challenges posed by expansive soils, various soil stabilization techniques have
been developed to mitigate their effects and improve their engineering properties. Some

commonly used techniques include;

1. Chemical Stabilization: In order to change the qualities of the soil and lessen its
expansiveness, this method entails adding chemical agents to the soil. Common chemical
additives include fly ash, lime, and cement. These substances interact with soil particles to
strengthen them and lessen their sensitivity to swelling and shrinking. (Dharmendra
Barman, 2022)

2. Mechanical Stabilization: Through compaction, mixing, or reinforcement, mechanical
stabilization techniques aim to change the soil's crystalline structure. These methods

increase the soil's ability to support weight and lessen the likelihood that it may expand or

ASTU MSc in Geotechnical Engineering
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contract. Compaction grouting, lime-cement columns, and soil mixing are a few examples

of mechanical stabilizing techniques. (Sir Armand Augustin Fondjo, 2021)

3. Moisture Control: Expansive soils' volume variations can be minimized by controlling
their moisture content. Techniques like moisture barriers, surface drainage systems, and
vegetation control can reduce the potential for swelling and shrinking by limiting the range
of soil moisture changes. (Ardani, 1992)

4. Geosynthetic Reinforcement: Expansive soils can be stabilized and strengthened using
geosynthetics like geotextiles and geogrids. By giving the soil tensile strength, these
materials increase the soil's capability for bearing weight and lessen deformations. (Satyam,
2022)

5. Chemical Grouting: Chemical agents are injected into the soil during chemical grouting
to produce a stable mass with fewer cavities. With this method, the soil's permeability is
decreased and its shear strength is increased, improving stability and minimizing volume

changes.

Grouting is a process of injection of setting fluids in to the voids of the alluvium, or into the
fissures of rock either to reduce permeability or to increase strength or both. The success of
the grouting is mainly dependent on selection and type of grout materials and suitable
grouting techniques. There are many materials used for grouting, cement is most common.
Chemical compounds such as lignin, silicates, acrylic, and urea or epoxy resins and
polyurethanes complying with environmental laws may be used in geotechnical injection
projects. First successful application of injection technology for soil improvement was by
Berigny in 1802 (Khushalil*, 2020)

(Chen, Foundations on expansive soils, 1975) concluded in their studies that expansive soils
or Black Cotton Soils are normally found in semi —arid regions of tropical and temperate
climate zones. They further highlighted that such soil exist in abundance in those areas,
where the annual evaporation exceeds the precipitation. It was further stressed in the
study that sticky plastic nature of black cotton soils particles causes them to pack up under
wheels, animal’s feet and clog cultivation implements. They make the soil extremely

difficult to extract or dislodge. The cracks measuring 70 mm wide and over 1 m deep

ASTU MSc in Geotechnical Engineering
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were observed. The study has shown that these cracks can extend up to 3m or more in

case of high deposits.

Black Cotton soil is predominantly clayey. For treatment in road building, it is so
complicated that clods cannot be readily crushed. These flaws will affect the road's future
performance. Moreover, softened subgrade tends to float upward into the pavement surface
when the sub-base consists of stone slugs with many voids. Every rainy season Black Cotton

soil infiltration causes the road to collapse. (Amol Eknath Thokel, 2021 )

The liquid limit can be considered to be a measure of the quantity of water attracted by
these particles for a given value of undrained shear strength thus making it possible to
correlate this parameter with the compressibility. Study has also revealed that the black
cotton soil is very hard when dry, but loses its strength completely, in wet condition.
Study has shown that 40 to 60% of black cotton soil has a size less than 0.001 mm.
(Ahamed1, 2019)

(Fuhai Zhang, 2019 ) proposed that Polyvinyl alcohol (PVA) and K>.CO3z combination can
be used to improve the properties of expansive clays. In this paper Free swell tests,
oedometric swell tests, unconfined compression tests, and direct shear tests were performed
to investigate the effectiveness of the PVA and K>COz combination to control the volume
change and increase the soil strength. Microstructures of the natural expansive soil and the
stabilized soil were also studied with SEM photos. SEM photos showed a homogenous and
dense microstructure after stabilization. In addition, a laboratory soil column model was
built to study the ability of this stabilizer combination to stabilize expansive soils by directly
spraying the solution on the ground surface. All these test results show that the combination
of PVA and K>COs is able to effectively stabilize the natural expansive soil and increase the
shear strength. It is possible to directly spray the stabilizer solution on the soil surface to

form a relatively thick layer of the stabilized expansive soil.

(Ji-ru, Z., Xing, C., 2002) undertake to study the individual and admixed effects of lime
and fly ash on the geotechnical characteristics of expansive soil. Lime and fly ash were
added to the expansive soil at 4%—6% and 40%-50% by dry weight of soil, respectively.
Testing specimens were determined and examined in chemical composition, grain size
distribution, consistency limits, compaction, CBR, free swell and swell capacity. It is

revealed that a change of expansive soil texture takes place when lime and fly ash are mixed
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with expansive soil. Plastic limit increases by mixing lime and liquid limit decreases by
mixing fly ash, which decreases plasticity index. As the amount of lime and fly ash is
increased, there are an apparent reduction in maximum dry density, free swell and swelling
capacity under 50 kPa pressure, and a corresponding increase in the percentage of coarse
particles, optimum moisture content and CBR value. Based on the results, it can be

concluded that the expansive soil can be successfully stabilized by lime and fly ash.

(Ahmed S. A. Al-Gharbawi et al, 2022) showed that three percentages of lime, cement, and
silica fume (5, 7, 9%) are used to stabilize the expansive soil, and the work is divided into
two sections: the first is using a consolidation test to record the free swell and swell pressure
for the untreated and treated soils; in the second part, the grouting technique is utilized as a
process that can be applied in the field to maintain the improvement in the bearing capacity.
It is concluded that the soil stabilized with different percentages of lime, cement, and silica
fume exhibits a decrease in both free swell and swelling pressure by approximately 65%
and 76%, respectively, as compared with untreated soil. The soil grouted with silica fume
increases the bearing capacity of footings resting on the grouted soil by approximately 64%
to 82% for the soil treated with 5% and 9% silica fume, respectively, as compared with

untreated soil.

Another method that falls under both chemical and physical stabilization is heat stabilization
of expansive clays which improves both the engineering properties of the soil and its
chemical properties. Relatively few researches were conducted on heat treatment to improve

the engineering and index properties of expansive soils.

Stabilization of expansive soils, specifically red clays and black soils, using heat indicates
that the index properties of both soils shows marked improvement when subjected to
temperatures exceeding 400°C. (Kantheti N V K Hanuma, Dr. D.S.V.Prasad, June -2017)

The above document shows that Liquid limit decreased at 66% from 100°C to 400°C for
black cotton soil, whereas 68% for red soil, Black cotton soil is converted into non plastic
soil at 400°C and 62% decreased for red soil, Soaked CBR values are almost doubled for
both black cotton soil and red soil comparing with 100°C to 400°C, Unconfined
compressive strength is decreased with increase in temperature, since the initial clay sample
is converted into coarse grained sample at 400°C. They also indicate that, this method,

however, is more suitable for soil layers where rainy and cold weather conditions prevail,
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since these plastic soils swell highly with increase in moisture content. It is best suited for
high plastic (CH) soils compared to less plastic (CL) soils. Also it is not economical to use

less plastic soils.

On the other hand (Charles K. Kabubo et al, January 2017) show that the black cotton soil
under study experienced irreversible chemical changes when subjected to heat at 600°C
since the tests were done on the soil after it cooled to room temperature which allowed for
any possible reversal. This resulted in the following: The maximum dry density increased
by 15%, reducing capacity for water ingress, The particle size distribution altered, The clay
fraction diminished, and the soil became predominantly sand with a significant amount of
gravel, and a reduction in the silt fraction.

According to the above source. there was a reduction in silicon oxide by 31%, and an
increase of aluminium and iron oxides by 56% and 4% respectively. These changes are
irreversible. The strength increased as measured by the CBR which increased from 1 to 3
and The plasticity and swelling characteristics reduced as measured by the Plasticity Index,

Linear Shrinkage and the Free Swell which reduced by 30%, 27% and 38% respectively.

Previous research has explored various techniques for the stabilization of expansive soils,
including chemical stabilization, mechanical stabilization, and thermal stabilization (Sir
Armand Augustin Fondjo, 2021)

Heat treatment, as a thermal stabilization method, has shown promise in reducing the swell
potential of expansive soils and improving their load-bearing capacity (Charles K. Kabubo
et al, January 2017)

Several laboratory tests, including the swell test, shear strength test, and Atterberg limits
test, have been commonly employed to evaluate the effects of heat treatment on expansive
soils (Kantheti N V K Hanuma, Dr. D.S.V.Prasad, June -2017)

Several key areas have emerged in the literature:
2.2 Mechanisms of Heat Treatment

Heat treatment, as a soil stabilization technique, operates through intricate mechanisms that
bring about changes in the mineralogical and physical properties of expansive soils.

11
ASTU MSc in Geotechnical Engineering



Effect of Heat on the Properties of Expansive Soils Denkayehu Nega

Understanding these mechanisms is crucial for assessing the effectiveness of heat treatment

in mitigating the expansive behaviour of soils.

At the core of heat treatment is the controlled application of elevated temperatures to soil

samples. This controlled heating induces several key mechanisms:

2.2.1 Changes in Clay Mineral Structure

Clay minerals, particularly those in the smectite group like montmorillonite, are responsible
for the expansive properties of soils. These minerals have a unique layered crystal structure
with spaces between the layers that can accommodate water molecules and ions. When
subjected to heat, the energy provided disrupts the bonds between these layers, leading to
alterations in the crystal structure. This process is known as dehydroxylation, where

hydroxyl (OH) groups are removed from the clay mineral layers. (Vassallo, 1996)

2.2.2 Interlayer Water Content

Heat treatment reduces the interlayer water content of clay minerals. (Heller-Kallai, 2006)In
their natural state, clay minerals have water molecules held within the interlayer spaces.
These interlayer water molecules play a significant role in the expansive behaviour of the
soil. As the temperature increases, these water molecules are released, causing a reduction
in the swelling potential of the soil. The treatment leads to a decrease in the number of
available interlayer sites for water absorption, thereby mitigating the soil's propensity for

swelling.
2.2.3 Mineral Transformation

The application of heat also induces mineral transformations. For instance, the
dehydroxylation process can lead to the conversion of certain clay minerals into non-
swelling minerals. This transformation can significantly reduce the soil's capacity to
undergo volumetric changes upon wetting and drying. Additionally, heat treatment can
influence the crystallinity of clay minerals, affecting their physical behaviour. (Ahmed Z.
Khalifa a, 2020)
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2.2.4 Microstructure Alterations

Heat treatment results in microstructure alterations within the soil matrix. (A.E. Karantzalis,
2008) The heat-induced changes in clay mineral structure and interlayer spacing can affect
the arrangement of particles within the soil. This, in turn, influences properties such as
permeability and shear strength. Reduced inter-particle spacing and enhanced particle-to-
particle bonding can contribute to decreased permeability and improved shear strength.

2.3 Influence of Temperature and Duration

The effectiveness of heat treatment is intricately linked to the temperature and duration of
exposure. Higher temperatures and longer exposure times can induce more significant
changes in soil properties. However, there is a critical balance to strike, as excessively high
temperatures or prolonged exposure can lead to adverse effects such as soil hardening or

mineral degradation.

Understanding these mechanisms and their interplay is essential for optimizing heat
treatment as a soil stabilization technique. The temperature and duration parameters must
be carefully tailored to the specific soil type and project requirements to achieve the desired

property enhancements effectively.

2.3.1 Effect on Swelling Behaviour

One of the primary concerns associated with expansive soils is their propensity to undergo
significant volume changes in response to variations in moisture content. This behaviour
can result in structural damage, foundation instability, and costly maintenance for
infrastructure built on or near expansive soils. The literature has extensively explored the
effects of heat treatment on mitigating this swelling behaviour, shedding light on its
potential as an effective soil stabilization technique. (Kantheti N V K Hanuma, Dr.
D.S.V.Prasad, June -2017)

2.3.2 Long-Term Stability

An important aspect to note is that the reduction in swelling potential achieved through heat
treatment is not merely a short-term solution. Research has indicated that the improvements
in soil stability and the reduction in swelling behaviour are sustained over the long term.
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This durability is particularly significant in regions with varying climatic conditions where

soil moisture content fluctuates seasonally. (Charles K. Kabubo et al, January 2017)

2.3.3 Increased Load-Bearing Capacity:

In addition to shear strength improvements, heat treatment has been shown to increase the
load-bearing capacity of treated soils. This enhancement is particularly valuable in
construction projects where foundations and structures must withstand substantial loads.
The mechanisms contributing to this improvement include the enhanced shear strength
resulting from heat treatment directly contributes to the soil's ability to bear increased loads.
Structures founded on treated soils benefit from the increased stability and reduced risk of

settlement or failure.

2.3.4 Reduction in Settlement

Expansive soils are known to undergo settlement when subjected to wetting and drying
cycles. Heat treatment, by reducing the soil's swelling potential, minimizes the extent of
settlement. This reduction in settlement ensures that foundations and structures remain
stable and level over time. (Kantheti N VV K Hanuma, Dr. D.S.V.Prasad, June -2017)

2.3.5 Long-Term Performance:

Research has indicated that the load-bearing capacity enhancements achieved through heat
treatment are sustained over the long term. This durability is crucial in ensuring the reliable

and safe operation of infrastructure projects (Charles K. Kabubo et al, January 2017)

2.3.6 Reduction in Differential Settlement

Heat treatment not only increases the load-bearing capacity of expansive soils but also helps
in reducing differential settlement. This is vital for structures where uniform settlement is

essential to prevent structural damage.

2.3.7 Permeability and Durability:

Heat treatment's influence on permeability and durability has also been explored. Some

studies suggest that heat treatment can increase permeability due to changes in soil structure,
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while others investigate the durability of treated soils under varying environmental
conditions. (Majed M Abu-Zreig a, 2001)

2.4 Optimization of Treatment Parameters

Researchers have investigated optimal temperature and duration for heat treatment.
Different soil types and mineral compositions may require specific treatment parameters to
achieve the desired improvements in engineering properties. (Kantheti N V K Hanuma, Dr.
D.S.V.Prasad, June -2017)

In summary, the literature consistently supports the effectiveness of heat treatment in
improving the shear strength and load-bearing capacity of expansive soils. These
improvements are achieved through mineralogical alterations, microstructure
enhancements, reduction in swelling potential, and long-term stability. These findings
highlight the potential of heat treatment as a valuable technique for ensuring the stability

and longevity of construction projects on expansive soils.
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CHAPTER 3

3 METHODOLOGY
3.1 Soil Sample Collection

Samples of expansive soils were collected from representative locations in Adama — Awash
Expressway Project about 2.5km LHS from Adama town along the proposed expressway
road corridor. The sampling was done using test pits hand-dug up to a depth of 1.5m;
expansive soil samples were collected by avoiding the top 300mm top soil while including

the soil along the depth of the expansive section.

FIGURE 1 LOCATION MAP OF AWASH-ADAMA ROAD (wikivoyage.org/wiki/Ethiopia, 2023)
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FIGURE 2 SAMPLING AND PREPARATION

Soil engineering properties were characterized through laboratory tests.
3.2 Heat Treatment

Soil samples were subjected to controlled thermal conditions using a heating chamber. An
incinerator or furnace which is located in Selam Children’s Village in Wereda 11, Yeka
Subcity, Kotebe Near Hanamariam Church , Addis Ababa, Ethiopia was employed in this
research to heat treat the soil samples in bulk for Proctor and CBR tests. The specimens for
small scale laboratory tests such as Atterberg limits and hydrometer analysis, free swell and
linear shrinkage tests were heat treated using a laboratory furnace as indicated in the figure

below.
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FIGURE 3 LABORATORY FURNACE USED FOR HEAT TREATMENT

Different temperature and duration combinations can be used to identify optimal treatment
conditions. In this particular research the soil sample was subjected to 1000C, 2000C,
3000C, 4000C, 5000C and 6000C for a duration of one hour to investigate the improvements
in soil engineering properties and identify the optimum temperature which would make the
soil suitable for construction projects under the context of ERA (Ethiopian Road
Administration) construction material specifications. The two hours period for treating the
soil was chosen because of two reasons: first the soil will deteriorate in to light weight
elements or ash because of the prolonged heat, and second the practical application would
not be excessively uneconomical due to the energy expense of excessive heating.

3.3 Laboratory Testing

The control test was carried out on the untreated expansive soil to get the natural soil
properties by which the improvements after heat treatment would be measured. All the tests
carried out on the treated samples were also carried out on the control test, such as, Free
Swell Test, CBR Test, The Atterberg Limits Test, Sieve Analysis Test and The Hydrometer

Test. In this particular exercise, the specimen tested at 100°C is regarded as the control test.

The following laboratory tests were conducted on heat-treated soil samples. The tests were
selected in line with ERA (Ethiopian Roads Administration) Specification requirements for

embankment materials to be used on road construction projects. (ERA, 2013)
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Type of test

Testing method

Atterberg limits test

ASTM D4318-17el

Sieve Analysis Test

ASTM D422-63(2007)

Proctor Compaction Test

(AASHTO T 180-95)

California Bearing Ratio (CBR)

(AASHTO T 193-93)

Linear Shrinkage Test

BS1377 (Part 2) :1990

Free Swell Test

(ASTM, D4546-17 2021)

Hydrometer Analysis

(ASTM D422-63, 2002)

ASTU MSc in Geotechnical Engineering
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3.3.1 The Atterberg Limits Test

The liquid limit, plastic limit, and plasticity index of the heat-treated soils is conducted
according to ASTM D4318-17el. This test is crucial for understanding changes in the

plasticity and consistency of the soil resulting from heat treatment.

Test Objective: To determine the liquid limit, plastic limit, and plasticity index of heat-

treated soils.

Heat-treated soil samples were prepared and moistened to a specified consistency. The
liquid limit test was conducted using (ASTM D4318-17e1, 2018) procedures to determine
the moisture content at which the soil behaves as a liquid. Then the plastic limit test was
conducted to determine the moisture content at which the soil can be rolled into a 1/8-inch
diameter thread without crumbling. The plasticity index was calculated as the difference

between the liquid limit and plastic limit.

L

FIGURE 4 LABORATORY TESTING OF PLASTICITY OF SOIL

3.3.2 Linear shrinkage test

The Linear Shrinkage tests on the heat treated soil was carried out in accordance with
BS1377 (Part 2) :1990. (Standard B. , 2003) . The plastic soil is moulded into a mould
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[trough using a spatula carefully by extruding the trapped air bubbles, and trimmed. The
shrinkage is read after a reasonable time after all the moisture has been dried and no more

weight difference is registered.

FIGURE 5 LINEAR SHRINKAGE TESTING

3.3.3 Sieve Analysis Test

The Sieve Analysis Test, following ASTM D422-63(2007), was conducted on the heat-
treated soil to characterizes the particle size distribution. This analysis is essential for

assessing changes in grain size distribution due to heat treatment.

Test Objective: To characterize the particle size distribution of heat-treated soils samples
were air-dried to remove moisture and weighed and sieved them through a set of standard
sieves. The retained weight was recorded on each sieve and calculation was made of the
percentage of soil retained on each sieve and the particle size distribution curve plotted

based on the results.

3.3.4 The Hydrometer Test

The hydrometer analysis was conducted on the heat treated soil, following the appropriate
standards, (422-63, Standard Test Method for Particle-Size Analysis of Soils1, 2002) is used
to determine the particle size distribution of fine-grained soils. This test provides precise
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data on the soil's particle size distribution, particularly for smaller particles, complementing

the information obtained from the Sieve Analysis Test.

Test Objective: To determine the particle size distribution of fine-grained soils. The soil was
prepared by making a suspension dispersing a known amount of heat-treated soil in water.
The suspension was placed in a hydrometer cylinder and allowed it to settle and then
measurement was made of the sedimentation rate of the particles using a hydrometer at
specified time intervals. Then calculation of the particle size distribution based on

sedimentation data was carried out.

3.3.5 Free Swell Test

The Free Swell Test was conducted on the heat treated soil in accordance with relevant
standards (ASTM, D4546-17 2021), which measures the degree of swelling exhibited by
the soil when exposed to water. This test is instrumental in quantifying the reduction in soil's

free swell potential achieved through heat treatment.

Test Objective: To determine the liquid limit, plastic limit, and plasticity index of heat-

treated soils.

The sample was oven-dried at 100°C of about 00 grams accurately using a balance and
placed the weighed dry soil in a graduated cylinder. Then distilled water was gradually
added while stirring continuously. Then record of the initial volume (\0) of the soil mixture
in the container was taken and allowed the soil to swell freely and stabilize. Once the soil
swelling has stabilized, measure of the final volume (V1) of the soil-water mixture was
taken. The Free Swell (%) is calculated from the formula FS = [(V1 - V0) / V0] x 100. The
average of three testes was taken to the final result.

3.3.6 Proctor Test

Proctor test was conducted according to ASTM D698 test procedures on the heat treated
soil with objective to determine the maximum dry density and optimum moisture content of
the soil sample for compaction purposes. The prepared sample (pass 19mm sieve) was taken
(around 2.5 kg) accurately using a balance and the weight was recorded and divided into
two portions. The moisture content of one portion was determined by weighing it and then

drying it in an oven at a 110°C until a constant weight is achieved and the moisture content
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was calculated using the formula: Moisture Content (%) = [(Initial wet weight - Dry weight)
/ Dry weight] x 100. Then the remaining portion of the soil sample was placed in the mould
in approximately three equal layers and each layer compacted uniformly according to the
test standard. The test was repeated using the same dry soil sample at varying moisture
contents by adding water to each sample incrementally, ensuring thorough mixing, until a

range of moisture contents is achieved.

The results were plotted as the dry density (Y-axis) against moisture content (X-axis) to
create the compaction curve. The point on the compaction curve where the dry density is
highest is the optimum moisture content (OMC), and the maximum dry density (MDD) is
the corresponding dry density.

The Proctor Test is essential for determining the compaction characteristics of soil and
optimizing moisture content for construction purposes. It helps ensure that soil is compacted
to the desired density and moisture content, which is critical for the stability of construction

projects.

3.3.7 Load-Bearing Capacity Test (CBR Test)

The California Bearing Ratio (CBR) test was conducted on the heat treated soil samples
following the procedures outlined in (ASTM, ASTM.org, D1883-17), to evaluate the
bearing capacity of the heat-treated soils. This test is particularly relevant for assessing the

load-bearing capacity enhancements achieved through heat treatment.

Test Objective: To evaluate the load-bearing capacity of heat-treated soils.

Heat-treated soil samples were compacted into a CBR mould to MMD and a static load was
applied incrementally to a cylindrical piston placed on the soil sample where measurement
of the penetration of the piston into the soil at each load increment was read. The CBR value
was calculated as the ratio of the load required to penetrate the soil to a specified depth to
the load required for a standard material. The test was repeated for multiple samples and the

average CBR value was calculated.

These short test procedures provide an overview of the steps followed in each laboratory

test for evaluating the effects of heat treatment on the expansive soil specimen. Specific
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details, equipment calibration, and adherence to relevant standards is followed during the

whole testing.

<ONDUCTING FIELD TRII>
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QBORATORY TESTIND

ASTU

TREATED SAMPLE CONTROL SAMPLE
e Soil Classification e Soil Classification
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Conclusion and Recommendation

FIGURE 6 FLOW CHART OF THE RESEARCH METHODOLOGY
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CHAPTER 4

4 RESULTS AND DISCUSSION

4.1 Lab Results and Analysis

Data obtained from laboratory tests is statistically analysed. Relationships between heat
treatment parameters and property enhancements was established through graphical as well
as numerical data analysis. The laboratory results of the heat treatment on the expansive soil
samples provide valuable insights into the effects of varying temperatures on the

engineering properties of the soil

4.1.1 Free Swell

Free swell is a crucial property for expansive soils as it measures the potential for soil
expansion when exposed to water. Free Swell decreased from 75% at 100°C to 55% at
600°C, marking a significant reduction of approximately 26.7% in the potential for soil
expansion upon wetting. This decrease is a significant improvement favourable for

construction purposes with incremental amount of heat.

This result is also consistent with other similar researches done on the effect of heat on
expansive soils in that Free Swell of Black cotton soil is decreased from 75.6 to 20.5 and
for Red soil 121.5 to 32.33 that it is clearly indicative of the change in clay mineral structure
influenced by heating. (Kantheti N VV K Hanuma, Dr. D.S.V.Prasad, June -2017)

Heat treatment reduces the interlayer water content of clay minerals. (Heller-Kallai, 2006)In
their natural state, clay minerals have water molecules held within the interlayer spaces.
These interlayer water molecules play a significant role in the expansive behaviour of the
soil. As the temperature increases, these water molecules are released, causing a reduction
in the swelling potential of the soil. The treatment leads to a decrease in the number of
available interlayer sites for water absorption, thereby mitigating the soil's propensity for

swelling.

This result proves that heat treatment is one possible option for improving the swelling

potential of expansive soils.
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Free Swell Vs Temp °C
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FIGURE 7 . FREE SWELL VS TEMPERATURE

4.1.2 Linear Shrinkage

Linear shrinkage is a measure of a soil's tendency to contract or shrink upon drying. The
decrease in linear shrinkage from 15% at 100°C to 11% at 600°C indicates that higher
temperatures result in reduced soil shrinkage which represents a decrease of approximately
26.7%. This is a positive outcome for constructions as it suggests improved volume stability

and reduced risk of soil cracking.

As can be seen from the results depicted below, the linear shrinkage decreased as the

temperature increased.

Linear Shrinkage Vs Temprature
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FIGURE 8 LINEAR SHRINKAGE VS TEMPERATURE

(Charles K. Kabubo et al, January 2017) indicated in their research that the linear shrinkage
decreased from 15 to 11 due to combustion of organic matter, the potential to swell reduced,
and the soil behaved like a cohesionless soil, which agrees with the findings of Wang et al.
(2008).

However, as can be seen from the above results the maxim improvement of free swell for
this particular expansive soil was achieved at 500°C probably indicating that there could be
an optimum temperature at which no more improvements in engineering properties are

achieved.

4.1.3 Liquid Limit and Plastic Limit

Liquid Limit decreased from 66% at 100°C to 56% at 600°C, representing a reduction of
approximately 15.2% in liquid limit. Simultaneously, Plastic Limit decreased from 33% at
100°C to 28% at 600°C, indicating a reduction of approximately 15.2% in plastic limit. The
Plastic Index decreased from 33% to 28%, demonstrating a reduction of approximately
15.2% in soil plasticity. These reductions collectively suggest that heat treatment results in

lower soil plasticity and increased resistance to moisture-induced volume changes.

It is also clear from the proceeding data that heat treatment does indeed improve the

engineering property of the soil, especially the liquid limit.
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Other researchers also reached similar conclusion with respect to the effect of heat on the
plasticity of expansive soils in that heating reduced the plasticity index 30 to 21 (Charles K.
Kabubo et al, January 2017) and Liquid limit of Black cotton soil is decreased from 44 to
15,for Red soil 76 to 24 with the increase in temperature from100°C to 400°C (Kantheti N
V K Hanuma, Dr. D.S.V.Prasad, June -2017).

Improving the plasticity of expansive soils offers several significant benefits in construction
and geotechnical engineering. Expansive soils, characterized by their high plasticity and
sensitivity to moisture content, can present challenges in various building and infrastructure

projects. Here are the key benefits of enhancing the plasticity of expansive soils:

Enhanced Workability: Improved plasticity makes expansive soils more workable during
construction. This means that earthmoving, grading, and shaping operations become more

efficient and manageable, reducing construction time and costs.

Reduced Shrinkage and Cracking: One of the primary issues with expansive soils is their
tendency to shrink and crack as they dry out. Enhancing plasticity helps mitigate this
problem by reducing the degree of shrinkage, minimizing the occurrence of surface cracks,
and preserving the integrity of structures built on such soils.

Improved Compaction: Soils with improved plasticity are easier to compact effectively.
Adequate compaction is crucial for achieving the desired density and stability in
construction projects, reducing the risk of differential settlement and structural damage.

Better Foundation Support: Enhanced plasticity contributes to increased bearing capacity.
Foundations constructed on soils with improved plasticity have greater stability and can

support heavier loads, ensuring the safety and longevity of structures.

Minimized Differential Settlement: By improving plasticity, the soil's response to moisture
fluctuations becomes more predictable and consistent. This reduces the risk of differential
settlement, where different parts of a structure settle unevenly, which can lead to structural

problems.

Optimized Moisture Content: Improved plasticity allows for more precise control over the
moisture content of the soil. This is crucial during construction, as maintaining the soil at or

near its optimum moisture content ensures that compaction and stability objectives are met.
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Reduced Maintenance: Structures built on soils with enhanced plasticity are less prone to
soil-related issues, such as cracking or settling, which can reduce the need for costly

maintenance and repairs over time.

Increased Foundation Options: Improved plasticity expands the range of foundation options
available for construction on expansive soils. It may allow for the use of shallow
foundations, such as spread footings or slab-on-grade, instead of costly deep foundations

like piles or caissons.

Reduced Project Costs: Enhancing plasticity can lead to overall cost savings in construction
projects. It minimizes the need for extensive soil replacement, excavation, and the disposal

of unsuitable soil, resulting in lower project expenses.

Environmental Benefits: By optimizing the plasticity of existing soils, construction projects
can minimize the environmental impact associated with soil excavation, transportation, and
disposal. This aligns with sustainable construction practices and reduces energy

consumption and greenhouse gas emissions.

Risk Mitigation: Improved plasticity reduces the risks associated with expansive soils,
offering a more stable and reliable foundation for structures. This, in turn, enhances project

success and longevity.

In summary, the benefits of enhancing the plasticity of expansive soils include improved
workability, reduced shrinkage and cracking, enhanced foundation support, minimized
differential settlement, cost savings, and environmental sustainability. These advantages
make plasticity improvement a valuable strategy for mitigating the challenges posed by

expansive soils in construction and engineering projects.

4.1.4 Specific Gravity

Specific Gravity decreased from 2.64 to 2.56, indicating a reduction of approximately 3.03%
in soil density as a result of heat treatment. While this decrease may be advantageous for
certain construction applications, it should be considered alongside other properties such as
bulk density and dry density, which have more bearing on the performance of the soil as

construction material.

The following data shows specific gravity of the soil decreased as heat treatment increases.
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Specific Gravity Vs Temprature
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FIGURE 10 SPECIFIC GRAVITY VS TEMPERATURE

4.1.5 Sieve Analysis

The sieve analysis was conducted in two different laboratories and the results obtained are
quite inconsistent in that while the results from the one laboratory indicate a consistent
decrease in the particle size of the soil with increase in heat treatment, the result from the
other laboratory implies that grain size decreases with increase in treatment temperature.
Hence the effect of heat treatment on the grain size distribution of the expansive soil is

inconclusive under this particular research as shown in the tables below.

TABLE 1 TEST RESULTS OF SIEVE ANALYSIS AS OBTAINED FROM ICT LABOTRATORY

Percentage Passing Sieve Size

Temperature °C | 4.75mm | 2.00mm | 0.425mm | 0.075mm | Remark

100 99 98 94 89 Control
Test

200 99 98 95 90 Oven
Treated

300 100 99 95 91 Oven
Treated

400 100 99 96 92 Furnace
Treated
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500 100 99 97 93 Furnace
Treated
600 100 99 97 94 Furnace
Treated

TABLE 2 TEST RESULTS OF SIEVE ANALYSIS AS OBTAINED FROM JMC LABOTRATORY

Percentage Passing Sieve Sizes
Temperature °C | 2.00mm | 0.425mm | 0.075mm | Remark
100 96.92 87.22 72.91 Control
Test
200 96.48 85.68 69.71 Oven
Treated
300 94.38 81.00 64.38 Oven
Treated
400 94.07 88.80 69.73 Furnace
Treated
500 95.88 91.29 74.47 Furnace
Treated
600 96.12 91.76 74.94 Furnace
Treated

However, all other similar researches conducted on the effect of heat treatment on the
properties of expansive soils unequivocally indicate that grain size increases with the

increase in treatment temperature consistently.

According to (Charles K. Kabubo et al, January 2017) while the grading results for the neat
material, shows that the material is predominantly clay (less than 0.002mm) at 37%, with a
significant amount of silt (0.002-0.006mm) of one third (33%), the grading results for the
heated material, shows that the material is predominantly sand (0.006-2.0mm) at 45%, with

31

ASTU MSc in Geotechnical Engineering



Effect of Heat on the Properties of Expansive Soils Denkayehu Nega

a significant amount of gravel (greater than 2.00mm) of slightly more than one third (35%).
The silt fraction (0.002-0.006mm) is 19%, while the clay fraction diminished. These results
are consistent with those of Wang et al. (2008), as quoted by Charles K. Kabubol et al, who
obtained a clay percentage of about 12% for commercial expansive WB at 6000C,
attributing it to destruction of the crystal structure of WB from dihydroxylation as the
temperature increased beyond 400°C leading to formation of larger particles possibly due to

electro-chemical bonds resulting in formation of larger particles.

According Bell (1993), soil at temperatures of between 200 and 400°C begins to aggregate
into granules and when the soil is heated to temperature of 400°C to 600°C, some irreversible
changes which make the soil non-plastic and non-expansive. Wang et al. (2008) also

suggested that the formation of the larger particles is irreversible.

4.1.6 Density Tests

The MDD increased from 1.28g/cc at 100°C to 1.43g/cc which indicates heat treatment has
a positive impact on the dry density of expansive soils. This is a 12% increase which would
have a positive implications on the load bearing capacity of the soil in practice.

MDD Vs Temprature
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FIGURE 11 MDD VS TEMPERATURE
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OMC Vs Temprature
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FIGURE 12 OMC VS TEMPERATURE

The study conducted by (Charles K. Kabubo et al, January 2017) shows the compaction
results for neat soil, giving the maximum dry density (MDD) as 1272 Kg/m3 at an optimum
moisture content (OMC) of 29.5%, whereas the compaction results for heated soil, giving
the MDD of 1465 Kg/m3 at an OMC of 29.0%. The heated soil has a higher MDD at about
the same OMC as the neat soil, meaning that it will be stronger in service. This is probably

due to formation of granules (Bell, 1993) which seem to bond better.

An improved dry density would have many positive implications which would make the
expansive soil a valuable asset rather than a waste in construction projects such as
contributes to the structural integrity of foundations, roads, embankments, and other
structures, reducing the risk of settlement or structural failure. Properly compacted soils
have higher load-bearing capacity. By controlling dry density, construction engineers can
ensure that the soil can support the anticipated loads, whether it's for buildings, pavements,
or retaining walls. Dry density is a critical factor in slope stability. Well-compacted soil is
less prone to erosion and slippage, making it essential for the construction of embankments,

dams, and slopes in road construction and civil engineering projects.

Proper compaction reduces the potential for soil settlement over time. This is particularly
important in residential and commercial construction to prevent uneven settling of
structures, which can lead to structural damage. Controlled dry density can affect the
permeability of the soil. Well-compacted soils often have lower permeability, which can be
beneficial for controlling groundwater and surface water flow, reducing the risk of flooding
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and erosion. Moreover, consistent dry density ensures uniform support for foundations. This
uniformity helps prevent differential settlement, which can cause structural problems in

buildings and infrastructure.

Therefore, heat treatment of expansive soils enables achieving the desired dry density during
construction which in turn reduces the need for costly corrections and repairs later in the
project's life cycle. Proper compaction minimizes the risk of rework and associated
expenses. Structures built on well-compacted soils tend to have a longer lifespan. This
longevity is essential for reducing maintenance and replacement costs over the years.
Ensuring proper dry density contributes to the overall safety of a construction site. Stable
soils reduce the risk of accidents and mishaps, ensuring a safer working environment for
construction workers. Proper compaction can minimize soil erosion and prevent sediment
runoff into nearby water bodies, thus reducing the environmental impact of construction
projects. Many construction projects are subject to regulatory requirements for compaction.
Meeting these standards for dry density is essential for obtaining permits and approvals.

In summary, understanding and achieving the correct dry density in construction is critical
for ensuring the stability, safety, and long-term performance of structures. It plays a pivotal
role in the overall success of construction projects, from residential buildings to large-scale
infrastructure developments and heat treatment of expansive soils can have huge

implications for the construction industry.

417 CBR Tests

The increase in CBR from 2.2 at 100°C to 7.5 at 600°C is a positive sign, showing an
increase of approximately 500% in load-bearing capacity. This is a very promising result
implying that heat treatment can have such a big impact on the bearing capacity of expansive
soils even at relatively lower temperatures. The result shows a CBR of 5% at 300°C heat
treatment, which indicates that expansive soils are very sensitive to heat even at

temperatures as low as 300°C.
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CBR Vs Temprature
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Other researchers also reported that heating increased the CBR from 1 to 3, probably as a
result of breaking of the montmorillonite structure, largely attributed to the expansive

behaviour and low strengths of expansive clays.

In summary, the laboratory results indicate that heat treatment has a significant impact on
the engineering properties of the expansive soil. It reduces soil shrinkage, free swell,
plasticity, and specific gravity while improving load-bearing capacity (CBR). However, the
decrease in MDD at higher temperatures may require careful consideration in construction
planning. Overall, the results suggest that controlled heat treatment can effectively enhance
the suitability of expansive soil for construction applications, particularly in terms of volume

stability and load-bearing capacity.
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5 CONCLUSION AND RECOMMENDATION

5.1 Conclusion

This research conclusively proved that heat treatment can improve the engineering
properties of expansive soils. The application of heat treatment will result in a significant

reduction in the swell potential of expansive soils.

The increase in CBR from 2.2 at 100°C to 7.5 at 600°C, MDD increased from 1.28g/cc at
100°C to 1.43g/cc which indicates heat treatment has a positive impact on the dry density
of expansive soils. This is a 12% increase which would have a positive implications on the

load bearing capacity of the soil in practice.

Specific Gravity decreased from 2.64 to 2.56, indicating a reduction of approximately
3.03%, Liquid Limit decreased from 66% at 100°C to 56% at 600°C, representing a
reduction of approximately 15.2% in liquid limit. Simultaneously, Plastic Limit decreased
from 33% at 100°C to 28% at 600°C, indicating a reduction of approximately 15.2% in
plastic limit. The Plastic Index decreased from 33% to 28%, demonstrating a reduction of

approximately 15.2% in soil plasticity.

The decrease in linear shrinkage from 15% at 100°C to 11% at 600°C indicates that higher
temperatures result in reduced soil shrinkage which represents a decrease of approximately

26.7% in linear shrinkage with increasing temperature

Heat treatment will lead to an improvement in the grain size distribution and load-bearing
capacity of expansive soils because the mineralogical and chemical composition of

expansive soils will undergo substantial alterations due to heat treatment.

It also indicated that there is an optimal temperature for each expansive soil where the
improvements in the engineering properties is effective and tenable. In this particular
research an optimal temperature of 500°C is identified as the optimal temperature at which

most engineering properties of the expansive clay showed marked improvement.
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Through the investigation of heat treatment as a means to enhance the engineering properties
of expansive soils, this research contributes to the advancement of geotechnical engineering
knowledge and provide innovative solutions for managing problematic soils. The outcomes
of this study could offer new insights into soil stabilization practices and provide a
promising avenue for addressing the persistent challenges posed by expansive soils in

infrastructure projects.

5.2 Recommendation

In this research an optimal temperature of 500°C is identified where most engineering
properties of the expansive soil improved appreciably. As can be seen from the above
laboratory results, most of the property enhancements are attained at 500°C such as the

Linear shrinkage, the Free swell, Plasticity Index and especially the MDD, and CBR.

However, specific study should be done to decide the optimal temperature for the
improvement of the engineering properties of expansive soils as many parameters and

factors could alter the optimal temperature for heat treatment for individual soils.

The positive result obtained from this and other similar researches should encourage similar
more advanced studies in to the practical application of heat treatment as a mechanism to
mitigate the problems caused by expansive soils in the construction sector in the country.
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7 APPENDICES

7.1 Appendix 1: Detailed Laboratory Test Results
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I PROJECT  Efmct of Haat Troonswit Mile Propaesl of Expurrave Sell OAIE TESTED :T3.08.3023
HANPLE STATION L Aamu to Awaeh Ro0a Project DATE IESuED T 39,05 202y
SANDLE NFESCRIPTION <On Irewbed ® Tomporature 200 'C DEATH [m]
TYPE OF MATERIAL - Expunnim Sofl
SAMPLED BY - Bankwyahu Nepa Bashew
SAMPLE AND TEST ORDER SUDMTTED BY . Uinkaywhu Negs Bashew
REPORTED TO s Uimkwymhi Negy Bashow
X LDU AT PLASTIC LIAT
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Por s war, A

’ Attorberg's AASHTO-T 83/T 90

LAZ NUNZER : EHTMPES 1288123 UATE SAMPLED -
REQUESTLD BY : Dnrayeshu Negw Bashaw DATE SUBMITTED : 21.00.2023
PROJECT : EHect of Feal Treaunant Mile Propozal of Eagansive Soil DATE TESTED 28.04.2022
SAMPLE STATION 1 Actwms 1o Awash Road Project DATE ISSUED w200
SOAMFLE DESCRIPTION 0N Trasted at Temperabane 500 °C DEFTH Im|

TYPE OF MATERIAL : Lapangive Sail

SAMPLED BY 1 Dinksyuhu Niga Bashaw

SAMPLE AND TEST ORTER SUBWITTEN BY  : Dinkaychu Nega Basnew

AEPCRTED TC : Dinkgyehu Nega Baznew

[ i LUIE UNTT PLASTIC LNTT
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Atte| Limit (AASHT 9/T 90
LA NUMBER EHTMPES 128023 DATE SAMPLED .
REQUESTED DY Cinkayehu Nego Sashew DATE SUBMITTED : 21002023
PROJECT 1 Effsct of How: Treatment Miw Proposst of Expansive S0t DATE TESTED 1 25.08.2028%
SAMPLE ETATION * At 2o Awash Road Frajel DATE ISEUED 25,00 2023
SAMPLE DESCRIFTION : O Trumted ot Temperatune 500 2 DEPTH Im) e
TYFE OF NATERIAL : Espgranive Soll
SAMPLED BY : Dinkaywhu Nega Bashew
SAMFLE AND TEST OACER SUBMITTED BY  : Dinkaywhn Nega Bashew
REPORTED 10 : Dinkaywhi Nega Bashew
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I v Atterberg's Limit (AASHTO-T 89/T 90)
4B NUMBER D ENTMPLES 128925 DATE SAMPLED
HEQUESTED &Y Cinkagehu Nega Bashew DATE SUBMITTED : 21.08.2028
I PROJECT ¢ Effwet of Huwt Treatment Mic Fropesal of Expansive Sl DATE TESTED 1 22.08.2023
SAMPLE STATION _Adama 10 Awaesh Road Froject DATE S2UED 1 25.08.2023
SAWPLE DESCRIFTION On Trawind wt Teemoerudure 602 °C DEPTH (™)
TYPT OF MATERIAL Exponsive Seil
SANPLED BY * Cinkayehu Nogn Dashew
| SANPLE AND TCST ORDER SUBMITIED BY - Oinkayehu Nego Bashew
REPORTED TO - Dinkayetu Nega Basheos
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L

SIEVE ANALYSIS RECORD (AASHTO-T £8)
LAB NUMBER | EWTMPES 1280023 DATE SAMPLED
REQUSTED BY 1 Dinkayohu Negas Bashew DATE BUBWITTED = 2198.2023
PROJECT . Effect of Hem T Mie ot & Saoil DATE TESTED 28.98.2023
SAMPLE STATIONCHAINAGE (Km) Adama t0 Awsah Roed Propct DATT ISSUE0 29.08.2002
MATERIAL OESCRIPTION - On Treated at Tomperature 100 °C DEPTH (Cm)
TYPE OF MATERMAL Expansive Seil
SAMFLED BY | Diehayetu Nega Bashew
SAMPLE AND TEST ORDER SUSMITTED 8Y | Dinkayethu Nega Baahew
REPORTED TO | Dinkayehu Negs Dashew
WET/ORY WEIGHT OF SAMPLE Lam.) 1236
Weight
Sleve Sias | retamec "o Carvicatten oage -
ey | (mom | raes | sge vneed | Posh Grain size analysis distribution Chart
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SIEVE ANALYSIS RECORD (AASHTQ-T 88)

LA NUNMBER : EHTMPES 128923 DATE SAMPLED -
REQUSTED BY . Dinkayehu Nega Bashew DATE SUBMITTED | 21.08.2023
PROJEGT : EMuct of Heat Treatment Mile Proposal of Expamsive Soll DATE TESTED 20.082022
SAMPLE STATIONICHAINAGE (Km) : Adama to Awash Road Project DATE ISSUED | 23.05.202)
MATERIAL DESCRIPTION : On Trasted at Temperature 200 °C DEPTH (Cm}
TYPE OF MATERIAL Expansive Soll !
SAMPLED BY ! Dinkaywhu Negs Basnew
SAMPLE AND TEST ORDER SUBMITTED BY  : Dinkeyehu Negs Bashew
REPORTED TO . Dinkuyehu Noga Bashew
WETDRY WEIGHT OF SAMPAE Lam | 1040
Wegnt
Save Sov | mlaed N Curuwties N age
Gamem| | (ogei | stamed | %ageretaned | Paes Grain size n
100.00 - -
75.00
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SIEVE ANALYSIS RECORD (AASHTO-T 88)
LAB NUMBER : EHTMPES 1289123 DATE SAMPLED -
REQUSTED BY : Dinkayet Nega Bashow DATE SUBMITTED : 21.08.2023
PROJECT  EMoct of Heot Treatment Mile Proposal of Expanaive Soll DATE TESTED : 28.00.2023
SAMPLE BTATIONCHANAGE (Xm) | Adarea to Awash Road Projoct DATE ISSUED  :29.08.2023
MATERIAL DESCRIPTION | On Troated at Temperature 300 °C DEPTH (Cm) ie
TYPE OF MATERIAL Expansive Sok
SAMPLED BY : Dinkayehu Nega Bashaw
SAMPLE AND TEST ORDER SUBMITTED I5Y  : Dinkayohu Nega Bashew
REFORTED TO | Dinkayehu Nega Bastew
WETORY WEIGHY OF SAMPLE (gm. ) 1757
Weigrn
Sieve Bar | wtanes Noage Curmtattes g
Gamm | (o | reisied |G agorototand | Pods Grain size analysis distribution Chart
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SIEVE ANALYSIS RECORD (AASHTO-T 88)

LAB NUMBER | EHTMPES 1288029 DATE SAMPLED .
REQUSTID BY ! Dinkayehu Noga Bashew DATE SUBMITTED : 21.44.2623
PROJECT + EMect of Meat Treatment Mile Proposal of Expansive Soil DATE TESTED  :2808.7023
SAMPLE STATIONICHAINAGE (Km) Adama 10 Awash Road Project DATE ISSUED | 2008 2023
MATERIAL CESCRIFPTION - On Treated # Temparature 420 ‘C DEPTH (Cm)

TYPE OF MATERIAL | Exgesive Soll
SAMPLED BY : Dinkayehu Nega Bashew
SAMPLE AND TEST ORCER SUBMITTED BY  : Dinkayetw Noga Bashew
REPORTED 7O - Dinkayets Nogs Bashew
WETORY WEIGNT OF SAMPLE (gm ) 185
| e { |
Sev Ser | retaved % age Comrustive N oage
AN | (hom) | riskied | % Mo smtsiond | Post Grain size analysis distribution Chart
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Frasinmmt b svwry Laen

COR 3
LAY NUMBER - EHTMPES 120012 DATE SAMPLED |-
REQUSTED BY - Dinkiryehu Negs Bashew DATE SUBMITTED | 21.08 2023
PROJECT < Effoct of Heat Treatment Mile Proposst of Expansive Soil OATE TESTED 23.08 2023
SAMPLE STATIONCHAIRAGE (Km) + Adama to Awash Rosd Project DATEISSUED  « 29.08.202)
MATERIAL DESCRIPTION 1 On Trested st Yemperature 500 °C DEFTH |Cm)
TYPE OF MATERIAL : Expansive Sod
SAMPLED BY : Dinkayohu Nega Bashew
SAMPLE AND TEST ORDER SUBMITTED 8Y  : Dinkayenu Nega Bashew
REPORTED 10 | Diskayebu Nega Bashew
WET/DRY WRIGHT OF SAMPLE {gm | 1913
Welgtn
resnes Woage Cumsstative Noape
i, | (o | it |6 gnioime| oo Grain size analysis distribution Chart
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SIEVE ANALYSIS RECORD (AASHTO-T 08)
LA NUMBER - EHTMPES 1209123 DATE SAMPLED -
REQUSTED BY  Dinkirpuhu Negs Bashew DATE SUBMITTED | 21.06 2023
PROJECT © Effect of Heat Trestment Nide Proposst of Expansive Soll DATE TESTED 1 20.08 2022
SAMPLE STATIONCHAINAGE (Km) | Adwma to Awash Road Propmet DATE ISSUED - 79,082023
MATERIAL DESCRIPTION | On Trmated at Tamperature §20 °C DERTH (Cm|
TYPE OF MATERIAL ! Expansive Soll
SAMPLED BY | Dinkayehu Nego Bashew
SAMPLE AND TEST ORDER SUBMITTED 8Y - Dinkayehu Negs Bashew
REPORTED TO Denikayehu Nega Bashow
WETORY WEIGHT OF SAMPLE (gm | 013
Weighe
Siewe Sire | retamed W age Cumsiatve N age
pareee | (ingm) | receost |%aperemnes | Fass size an,
100.60 - - . -
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G v CONSULTANT CONTRACTN
N | EAS Bz /\-”"m
A AORYAURHONTY LEA-LASA-UNICONE JMC - LRBCL Joint Venture,
Effect of Heat On the Properties of Expansive Soils - Denkayehu Nega
SOIL TESTING AND APPROVAL RECORD
[erto. LAB REF, NO,
[source OGL FROM 14000 to 34000 FW SAMPLEING DATE 25/08/2023
SAMPLING LOCATION Km. 24500 LHS SAMPLE DEPTH (M) 030to10m
PURPOSED TO USE M.Sc. Research
|MATERIAL DESCRIPTION: Black Cotton Soil Heated to 100°C
No. TEST PERFORMED TEST RESULTS TEST METHODS | ACCEPTANCE CRITERIA | APPROVAL STATUS
YES NO
MDO at 100% 1.288 '}o‘l’ : E
AASHTO T-180 Methed YES NO
1 | COMPACTION TEST omc 195 % R 3 — —
¥Es no
MDD at 95% 1246  pfon’ E :]
CBRaOSNMOD | 26 % 5 i s
o >
ASTM D 1833 YES NO
SWELL 607 % B
B —/] ]
AASHTO T-8Y/90/ YES NO
LIOAHD LIMIT (L) 555 % ASTM D 4318 <@ :J D
AASHTO T-83/90/ YEs N
PLASTICITY N & ARSHTO T-89/90¢ e &§ NO
INDEX(PI) ; ASTM D 4318 O —
Note: Attach individual test records and data shoet
Remarks:
Contractor's Representative Consultant’s Representative
Sgnature ate Sigratere Date
- M Wigeoz|
:, L] "/ -
FEC-50P 3507000

noi1 v IVIOU 111 gTuLTutinneal Liignicci g



Effect of Heat on the Properties of Expansive Soils

Denkayehu Nega

CUERT CONSULTANT CONTRACTOR
@ ERwusa AN\ =
" SO -]
ETHIOPIAN ROAD AUTHORITY LEA-LASA-UNICONE IMC - LRBCL Joint Venture.
Effect of Heat On the Properties of Expansive Soils - Denkayehu Nega
MAXIMUM DRY DENSITY AND MOISTURE CONTENT
AASTHO T-180) Foemat No: 01002UMCIEHAER21FI-R0
RF1 No. Lab Ref No. :
|Source - OGL FROM 14000 t0 34000 FW _ |Date of Sampiing: 250872023
|Location: Km.2+500 LHS Date of Testing: 08/00/2023
|Prosose Used M.Sc. Research Sampled By- Denkayehu
[Type of Method A Tested By Jointly
|Material Discrigtion Black Colton Soil Heated 1o 100¢C___ |Depth (M) 03010 1.0m
Description Test! | Testll | Testll TestlV | TestV
Density Determination
[Waler Added % E 10% 12% 1%
IMasa of moulkd » Wee Sall (g) 5430 5540 5550 8560
IMass of mouks, WS (g) 4150 Aas0 4150 4150
Mass of wet sofl, W7>'W0.W5 (g) 1180 1350 1440 1410
[Volume of mould, ¥ (cc) @8 €y 929 829
JRuk density, v, = W7 WEIV] gicc 13 1456 1550 1518 NMC
o Moisture Content Determination
[Comainer no (25 o m2 G2 D14
IMass of comainer + wot sof, W1 (g) 2262 2.5 227.00 23090 Z80.00
[Mass of comainer « oven dry soll. W2 gy 20010 192.90 189210 15000 =500
IMass of Water [g) Wl<W1-wW2 =10 240 34.50 4050 5.00
s of comalmee, Wé {5 23.00 24.00 25.00 2500 260
Putuse of Doy Sci (p) WS = W2 Wi 17210 16890 167.10 16500 226.90
IMosmre Contert (%) We= Warns*100 1400 1741 2089 0.9 11,04
ory dorsity. y, =y 100+W0)*100 {pfoct 1.208 1274 1282 1.216 11.04
128 — =i el
"1 |
|/ h
Zz N
5 . g
S 124 4 N R
¥ | N
% ; il
%
120
14 15 16 ” 18 W 0 2 2 n 24 o 26
Molsture Content
MDD: 1.288 (gmfec) | OMC: 19.6 % |
e A A ) R
Tested By ] Verifiad by Appraved By
Cormrector's
Lab Technican G s Loy (& Mutenal Evglaces

ASTU
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Denkayehu Nega

CUENT CONSULTANT CONTRACTOR
BN o=
S
ETHIOPIAN ROAD AUTHORITY LEA-LASA-UNICONE JMC - LRBCL Joint Venture,
ETHIOPIA-DJIBOUTI TRANSPORT CORRIDOR PROJECT
(PHASE-I: DESIGN BUILD OF ADAMA-Km 60 EXPRESSWAY)
ATTERBERG LIMITS
(AASTHO T-89/80) Format No: 09002/JMC/EHAE21F2-R0
RFI No 0 Lab Ref No. : 0
|Source : OGL FROM 14000 to 3+000 FW  Ipate of Sampling: 25/08/2023
Location; Km.2+500 LHS Date of Testing: 05/08/2023
Propose Used M.Sc. Research Sampled By: Jointly
Material Discription Black Cotton Soll Heated to 1000C  |yasted By: Jointly
LIQUID LIMIT PLASTIC LimiT
Description Test] | Testll | Testhl | Testiv | Testl | Testil Avg.
[No of blowa/Panevason (mm) 34 28 n
|conmsines No c-22 C-28 C-28 c-05 C-10
[Container + Wet scl, W1 (g) 77 67 69 306 N2
|Cortainer « Dry saf, W2 (g} 55 B2 52 288 an.18
Wesght of Cartaines g) 2357 25.01 2208 24.41 2454 18.68
Wittt of waster, Wd= W1-W2 (g} 18.00 15.00 17.00 1.00 1.02
[Veiant of oven cry sampie, WS=w3 - W1 (g) 3543 2608 2091 518 564
[t comtment percentape, 10avieanys) 50.80 5558 56.84 19.27 18,08
A Chart Title Graln Size Analysis
o — - Total Wt.(gm 908.0
57 N — e Sievesize | Wt Ret. % W R
ol — =t mm (&) | Retained s
3 = 2.0 28.0 3.08 96.92
£ N — 0.425 83.0 9.69 87.22
: S N———— 0075 | 1300 | 1432 7291
Pan 662.0 7291 0.00
1 LA Wt — — —
@0
43 B S S—
43
0 100
Axis Title
1L PL ]
55.50 1868 36.82
Comments:-
..... x&d....... ‘j'\ AR LIP R0 b L
Tested By J) Verifiad by Approved By
Contracke’s 5/
Lab Technicam Contracors Minewd Figiveer Coaskant's Lab Tect Coendtart's Madarial Eagiseer

ASTU

MSc in Geotechnical Engineering

63
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Denkayehu Nega

ASTU

ETHIOPIAN ROAD AUTHORITY

CONSULTANT

=K wusee

LEA-LASA-UNICONE

CONTRACTOR

/A 7
IME Pnowm

Effect of Heat On the Properties of Expansive Soils - Denkayehu Nega

CALIFORNIA BEARING RATIO TEST

(AASHTO T 193)

Faanrmt No: D1003TMC/EHABZIF/S4A RO

X 0.000 Lab Ref. No, a
|Source - OGL FROM 14000 10 3+000 FW___ |Datc of Samplng 3508/ 2023
Location’ Km.2+500 LHS Dte of Soaking: 12/09/2023
Propose Used M.Sc R h nto of Testing: 16/09/202)
Material Discrpton Black Cotton Sodl Heated to 1000C chmy 0.30 10 1.0 1m
DENSITY DETERMINATION
AKING CONDITION 10 Blows 30 Blows 65 Blows
Before | After Before | After Before | After
OLD NUMBER M-22 M05 M-11
WEIGHT OIf MOLD 7148 7148 7106 7106 7155 7155
WEIGHT OF SOIL + MOLD 10305 10305 10508 10408 10750 10744
WEIGHT OF SOIL 3157 3157 3402 3302 3625 3589
VOLUMIL OF MOLD 2243 2243 2243 2243 2243 2243
W DENSITY OF SOIL 1.4 141 1.52 147 1.62 1.60
|DRY DENSITY OF SOIL 1.18 117 1.23 125 134 1.32
MOISTURE DETERMINATION
CONTAINER NUMBER G-1 G2 G3 D28 D-18 D13
WIET SOIL + CONTAINER (g) 261.00 268.70 285,00 302,70 285,00 265.00
|DRY SOIL + CONTAINER (g) 222.40 227.60 235.50 260,60 240.60 224.00
[WEIGHT OF WATER (5) 38.60 3110 49.50 42.10 44,40 41.00
WEIGHT OF CONTAINER {g) 27.20 26.90 27.30 28.70 27.00 27.30
WEIGITT OF DRY SOIL (g) 105,20 200.70 208,20 231.90 213.60 196.70
[MOTSTURE. CONTENT (%) 19.77 2048 23,78 18.15 20.79 20.84
JAVG. MOISTURE CONTENT (%) 2013 N 20.96 20.82
|Ring Factor [X PENETRATION TEST DATA
= & < Car .
st tbat ial Toad  (Cor Load) Dul Load ()| Toad "l':l Losd (k) Coe, Losd
PENETRATION {mm} endiag | 0 fe) ' | semdiog k) it ke
[0 0.0 0 0.0 0 G0 00
0.64 0.0 0.0 4.0 (X} 80 (5]
127 20 o1 7.0 02 10 03
1.96 5.0 62 7.0 02 140 04
2.54 1354 &0 02 a2 130 04 04 150 0.5 0.8
EST] 90 03 160 0% 190 0.6
EE] 9.0 0y 17.0 05 10 [
445 100 s 170 05 280 0.0
508 2022 150 04 04 17.0 as 05 28.0 0.0 0.0
7.62 130 04 180 05 310 1.0
10.16 ) 04 19.0 [ 33.0 1.0
127 17.0 [ 190 06 33.0 L0
JLL READING (INITIAL) 3.19 4.19 743
[EWELL READING (FINAL) 10.00 13.00 13.00
PERCENTAGE SWELL 585 751 479
GBI @) 254 mm 18 3.0 34
[CBI G 5.08 mun 2.0 246 43

MSc in Geotechnical Engineering
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ASTU

CONSULTANT CONTRACTOR
[T Pl
P N -~ ]
ETHIOPLAN ROAD AUTHORITY LEA-LASA-UNICONE JMC PROJECTS (D) LTD.

Effect of Heat On the Properties of Expansive Soils - Denkaychu Nega

CALIFORNIA BEARING RATIO TEST

(AASHTO T 193) Foarmat No- (062/MC/EEHARS 2L/ 10}
|RFI No. 0.000 z = Lab Itef No. 00/03/1500
|Source OGL FROM 14000 to 3+000 FW/ Date of Samgpling 25/08/ 2023
Location: Km.2+ 500 LHS Date of Soakicg 12/00/2023
Propose Used M.5c. Research Date of Testing 16/ 0/ 2023
Matarial Discript Black Cotton Sod Hestexd 1o 1006C Depels (m) 03040 1.0 o
MDD (gm/cc) | 1288] OMC %) | 1960 |
1 1
[ l | L . ] | I
Tl B3N EERNE i
L] " Ul b HHH
| T ‘ N !
‘ | { g mm =5 TS S SRS -
. AEREBUEE
os l - J_‘ - m_._; 0s 1= v 1
| 5| | i
LT | A
AEENBN"5a (0 T HHE
‘ : f ' 1 i i
4 | i
A 1LLEL L
0 & = - a - L 3 1
0 1 2 3 4 5 6 7 & 9 10111213 012 3 4 5 6 7 8 9 101112 13 14
s'o 1 1 ] ]
20 7 Vi | | |
| | |
| 40 .
SEERRERREEE | | !
| | | /?’(
AR L 30 :
10 -—— i - /
V ' — 5= o SRS T . J
LA
-t ‘ RSN AN 24 20
,;A | L |
0.0 ? - 1o
0 1 2 3 4 S 6 7 A 9 1011121314 110 120 130 1.40
i 95% C ec) 1.224
@ 95% C (%) 2.6
Swell g 95% Compaction (%) 507
k! N\ Verified by Approved By
Lab Techaician E@ "-".} Coasultant's Lab Techaicman Consultant's Matedal Engi
£=7) — e
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- CUENT CONSULTANT CONTRACTNE
ETHIOPIAN BOAR AUTHORITY LEA LASA-UNICONE IC - LRBCL Joint Venture,
Effect of Heat On the Properties of Expansive Soils - Denkayehu Nega
SOIL TESTING AND APPROVAL RECORD
RF1 No. LAR REF, NO,
SOURCE OGL FROM 14000 to 34000 Fw SAMPLEING DATE 25/08/2023
Jsampusa LocaTon Km. 24500 LMS SAMIPPLE DEFTH (1) 03010 1.0m
PUNPOSED TO USE M.Sc. Research
PMATERIAL DESCRIFTION: Mack Cotton Soi Heated to 200°C
No. TEST PERFORMED TEST RESULTS TEST METHOOS ACCEPTANCE CRITERIA | APPROVAL STATUS
MOD at 100% 1316 glow' e »
Py | o-meter |
AASHTO T-150 Method Yes e
1 | COMPACTION TEST OMC w0 % Ay ey —
YeS NO
MIDO a1 95% 1250 ghem" i I S—
CHR at B5% MDD 33 » ) i =
2 R AASHTO l”’ l: [:l
ASTM D 18K YES NO
R g B s — =
AASHTO T8990/ vES NO
LIOANO LT (1L AT0 “ ASTM D 4318 <60 : :
AASHTO T-89/90/ yes No
3 SOIL PLASTICITY  [FLASTIC UMIT {PL) 187 % M D 4818 S 1 s—
PLASTICITY %08 % AASHTO T-B8/90/ 280 YES »o
INDEX{P} ASTM D a318 o =)
Note: Attach indwidusl test records and data sheet
|Remarks:
- s Rep P o
RUTE IS Oate Sgranse Detw

VT AP AL OT -0 =8

ASTU MSc in Geotechnical Engineering
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Denkayehu Nega

TUENT TONSULTANT CONTRACTOR
| EARE Eka L
e =]
ETHIOPIAN ROAD AUTHORITY LEA-LASA-UNICONE - t Vonture.
Effect of Heat On the Properties of Expansive Soils - Denkayehu Nega
MAXIMUM DRY DENSITY AND MOISTURE CONTENT
(AASTHO T-169) Format No: 01002/JMCEHARIZ 17103120
RFI No. Lab Ref No. ¢
|Saurce OGL FROM 14000 to 34000 FW Date of Samping: 2508/2023
Location: Km. 24500 LHS Dt of Testing: 0ADHN2023
Pro Used M S Ressarch Sam By: Deniayetiv
Type of Method A Teslnd By Jontly
i» Discripti Back Colton Soll Heated 1o 2000C Deoth (M) 0310 10m
ip Test! | Testil |  Testill TestIV | Testv
[Vulor Added % L 10 1% z 2an
Parnn of mouit + Wt Sob (o) 5334 5432 5434 5385
Plass of moud, Wa @) 4006 a0 3860 3998
Mans of wat 304, W7 =WS-WS () 1328 1422 3454 3367
[Vokume of moud, V (oe) Q24 3% 929 w20
e e O 1429 1331 1,565 1493 NmC
Y C
[Contaner no 40 os [ Gi1 oa
PMans of comtainer + wel 8ol W (g} I39.00 253.00 250 Z33.m 20000
[Mans of contninar + owen dry s0d, W2 {0} 200 60 2020 199,00 197,80 245,00
[Mans of Vewiar () WI=W 1 W2 31.40 31.90 33.60 36,08 25.00
[Mtmas ot container, V4 () 23.00 24.00 1500 15.00 28.60
Mass of Ory Sol () Wa = W2-W9 184,60 177.120 17400 172,80 226,40
Mcstatuem Contmrt (%) Wiis WS 100 17.04 1801 19,31 20.86 11,08
[z Seomty. yy = v 160+ W00 (gioa) 1222 1297 1312 1235 11.84
138
s =
130 = o o i -
= = - e P
g A N
3 Ee ~
5 38 /1'
— —1— == S|
120
16 a7 18 19 20 n
Molsture Contont
MDD: 1.316 (gm/ce) | OMC: 19.0 % 1
Tesed By Approved By
Cuontroctocs
W Comieacioe’s Material $nptocer C w Ladl L  Mutornal Engies

ASTU
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Denkayehu Nega

CLIENT CONRSULTANT CONTRACTOR
& ) [EATEERS AN =
A e~ BRI
ETHIOPIAN ROAD AUTHORITY LEA-LASA-UNICONE JMC - LRECL Joint Venture,

Effect of Heat On the Properties of Expansive Soils - Denkayehu Nega

ATTERBERG LIMITS
(AASTHO T-89/90) Format No: 01002MCIEHAE TFI02-R0
RF| No. 0 Lab Ref No. ; 0
lsource OGL FROM 14000 to 34000 FW  [nate of Sampiing: 25/08/2023
Iloauon: Km.2+500 LHS Date of Testing: 05/09/2023
IPmpou Usad M.Sc. Research Sampled By: Jaintly
|Matariat Discription Black Cotion Soil Hested to 2000 |Tested By: Joinly
LIQUID LinMIT PLASTIC LIMIT
Deecription Testi | Testl | Tesiil | Testiv | Testi | Testll Ava
INO of blowsPenctration (mm) 34 25 15
Cansine No Cc-44 C-27 C-55 c-1 C-14
[Cortainer « Wet a2, W1 (g) 68 &9 70 33.5 3386
Conmaine « Oy sol, W2 (g) 55 58 53 321 224
[wseght of Container ig) 2357 25.01 22.00 24 41 24.54 16.74
gt of warkie, Wa= W1-W2 (g) 1100 14.00 17.00 1.40 1.20
IWeight of oven deoy sample, WE-WS - W1 (g) 31.43 2009 3091 769 788
Viater coment percentage, 100XWAMS) 36,00 48 88 £5.00 18.21 16.27
& __Chart Title Grain Size Analysis
{ —= Total Wt.(gm 908.0
55 - N—— Sieve size | Wt Ret. %
" —— N—= =5 e 8) | Retainea | ¥ FoSing
i S === 20 320 352 G648
= a5 — 0.425 98.0 10.79 3568
z i - - . . 0.075 145.0 15497 69.71
40 —— - Pan 633.0 69.71 0.00
= R
k)
o Axis Title 3
LL PL | 71
47.00 16.74 | 30.26
|Comments.-
Tested By Approved By
Contrackor's
Lah Technizan [& Material Enginesr

ASTU

MSc in Geotechnical Engineering
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Effect of Heat on the Properties of Expansive Soils Denkayehu Nega

CLIENT CONSULTANT CONTRACTOR
RS vt | LA -
< g S
ETHIOPIAN ROAD AUTHORITY LEA LASA UNICONE IMC qusm
Effect of Heat On the Properties of Expansive Soils - Denkayehu Nega
CALIFORNIA BEARING RATIO TEST
(AASHTO T 193) Pommar Mo ORI MY AT 2L DA
IRFI NoO._ 0.000 Lab Ilck. N 0
Source OGL FRROM 144000 1o 34000 FW Dt of Sampling: 25/08/202%
L v Km. 2+ 500 LHS Dute of Scaki 12/00/202%
Propose Used MSc. Reseasch | of Tastng 16/09/2023
Matarial Discr Blick Cotton Soll Heated to 2000C__ |Depth (m)- 030 w 1.0 m
DENSITY DETERMINATION
I_go:ucmc CONDITION 10 Blows 30 Blows 65 Blows
Before | After Before | After Before | Afver
[MOLD NUMBER M-22 M-05 M-11
(WINGHT OF MOLD, 7148 7148 T106 7106 7155 7158
(WEIGITT OF SOIL._+ MOLD 10450 10512 10560 10460 10780 10744
WIIGHT OF SO1L. 3302 3364 3454 3354 3625 3589
VOLUME OF MOLD 2233 2243 2243 2243 2243 2243
WET DENSITY OF SOLL 147 50 1.54 1.50 1.62 1.60
DAY DENSTTY OF SOIL. 123 24 1.24 1.27 134 132
MOISTURE DETERMINATION
CONTAINER NUMBIR G G2 G-3 D28 D18 D13
WET SOIL + CONTAINER (g) 261.00 268.70 285.00 30270 285.00 265.00
DRY SOIL + CONTAINER (p) 222.40 227,60 23550 260.60 240.60 224.00
[WIIGHT OF WATER () 38.60 41.10 49.50 4210 4340 3100
WINGHT OF CONTATNER (o 27.20 2690 2730 2870 27.00 27350
[WEIGHT OF DRY SOIL () 15520 200.70 20820 231.90 213.60 196.70
MOISTURE CONTENT (%) 1917 2048 2378 1815 20.79 2084
Iavc. MOBS TUILE, CONTTENT (%) 20.13 20.96 20,62
Ring Factor 0.03081 PENETRATION TEST DATA
Cor
PRI Dial Lowd  [CorLowd| D |, i Dl |, Cor. Laad
PINICTRATION (e} il | -0 s Bocce. = mading = )
0 a0 0 0.0 0 0.0 00
0.64 a0 a0 8.0 2 130 [
.27 [ 0.1 0 %) 150 05
196 80 [F] -0 X 100 0.6
254 13.5¢ 120 [ 0.4 6.0 35 0.5 0 0.0 [
18 130 04 5.0 0.6 260 0.0
3,81 17.0 0.5 20.0 0.6 270 (X
.45 17.0 0.5 20.0 i13 200 X1
5.08 20.22 180 [ 0.0 3.0 07 Y] 330 1.0 1.0
7.62 19.0 (13 230 0.7 340 [
.16 220 7 240 07 36.0 [N
127 220 0.7 240 07 7.0 1.1
SWELL MEADING ONTTIAL) 319 119 1.34
F-swuu, WA DING (MINALY 750 T 440
PERCENTAGE SWELL 385 330 2.90
CISI @G 254 oo 2.7 3G 4.3
[CRIL (@ 508 mm 2.7 33 50
................. R Qi
Tested By Checlied By M =/ Verified by Approved By
Coatmctods "
Lab Technscssn -Coatractors Marerhl Eapiees Consudtunt’s Lab Technician Consultant's Materal Engs
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Effect of Heat on the Properties of Expansive Soils Denkayehu Nega

ASTU

CONSULTANT CONTRAGTON
gy ; ; ﬁ r
ETHIOPIAN ROAD AUTHORITY LEA-LASA-UNICONE IMC PROJECTS {I) LTD.
Effect of Heat On the Properties of Expansive Soils - Denkayehu Nega
CALIFORNIA BEARING RATIO TEST
(AASHTO T 193) Fowmar No G1002/JMESTILAIL 210 /041 10)
|”RFING. 0.000 Lal Ref. No, /6175900
|Source - OGL FROM 1+000 to 3+000 FW Dase of Sampliog; 26/08/2023
Location: Km.2+500 LHS Dase of Soaking: 12/00/ 223
Propose Used == M.S5c Reseacch Dato of Testiog: 16/09/2023
Material Discription Black Cotton Sod Heated to 20000 Depth {m): 0.30 t0 1.0 m
MDD (gn/e) | 1.316] OMC (%) | 19.00 ]
' T , 1 I
| ] | | T
| | SEAR NN . ittt
ARRRRNEE ANARRARYRRRE
[ ‘ | 1) |
‘ LT+ , /‘L‘ T T
5 - i 05 W
r - "/ | ‘ | ! | f T
AT T TR AN
A t ; ‘ ] ANNEERENE DA . I
0 ‘= L ' { || | ! o { 5 i |
001 2 3 4 5 6 7 8 9 1011121314 D 1 2 3 456 7 B 9 1011121314
60
| | |
| I |
5.0 -
| |11 | i 4 l
| = | 1 'I/ |
L L—-—"‘"’" »
1.0 == ===
= ‘ i 30 = 1‘
| | hd . |
\ 1 (AR { |
ol ‘ ’ ‘ 20 ]
/ 1 j . o ' Vli g N GRSl b
0.0 * X 10
0 1 2 3 4 5 6 7 8 91011 121314 120 130 1.40
| Deasity @ 95% Compaction (gm/cc) 1.250
CBR @ 95% Compaction (%) 33
S 95% Compaction (Vo) 3.35
Tested By = 75"" / Vesified by Approved By
Contractor'y Caontractor's Mateaal
Lab Technician Engmeer Consultamt's Lab Technician Conmltant's Material Engioeer
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Effect of Heat on the Properties of Expansive Soils Denkayehu Nega

ArTOR
— CONSULTANT CONTR
AR R AN =
X = e TRl
AR ROy LEA-LASA-UNICONE JMC - LRBCL Joint Venturs,
Effect of Heat On the Properties of Expansive Soils - Denkayehu Nega
SOIL TESTING AND APPROVAL RECORD
IRFI Na, LAB REF. NO,
lsovm:s OGL FROM 14000 to 34000 FW SAMPLEING DATE 25/08/2023
!SAMFIJM LoCATION Km.2+500 LHS lSAMI'LE DEPTH (M) 030w 10m
PURPOSED TO USE M.Sc. Research
MATERIAL DESCRIPTION: Black Cotton Soil Hested to 300°C
No. TEST PERFORMED TEST RESULTS TEST METHOOS ACCEPTANCE CRITERIA APPROVALSTATUS
Yis NO
MODACIOON | MBI B 0 =
AASHTO T-180 Method YES RO
1 | COMPACTION TEST oM 164 % oo e e I
YEs NO
N | M g’ s ] e
CRR a1 95% MDD 50 % s — =
>
5 4 aSHTO 183/ =3 3
SWELL 353 " p- 2 i i
<
—) =3
AASHTO T8990/ Yes NO
LIKQUID LIMIT (LL) a0 “ ASTM D 4318 <680 l:] [:]
3 | sowewasmeny feusncummen] ma o AASHTO Y - s
) ASTM D 4318  — [ —
PLASTICITY 00 % AASHTO T-89/50/ 55 YES NO
INDEX(PI) ASTM D 4318 o 5 IE—|
Note: Attach indhvidual test recoeds and data sheet
|Remarks:
C 's Rep i Consultant's Reprosentative
Sigratsre [ Sgatune Care
Material Engineer M ! S ‘ ! ‘ Materal Engineer
I -\
e ul
o)
s
ML ALOT0NE
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Effect of Heat on the Properties of Expansive Soils Denkayehu Nega

CUENT CONSULTANT CONTRACTOR
| AKX BRI BN o
e SO ]
ETHIOPIAN ROAD AUTHORITY LEA-LASA-UNICONE | IMC - LRBCL Joint Venture.

Effect of Heat On the Properties of Expansive Soils - Denkayehu Nega
MAXIMUM DRY DENSITY AND MOISTURE CONTENT

(AASTHO T-109) Foemat No: m-omtm_y\u
[R7 No. Lab Ref No. :
Source OGL FROM 14000 to 34000 FW | Date of Samping. 250062023
L Km 24500 LHS Date of Tesling: DR0N2023
|Propose Used M.Sc. Research Sampled By: Denkayehu
El_',g- of A Testod By: Jointly
tatenal Dscrigton Biack Cotion Soil Heated o 3006C ()] 030t 1.0m
Description Test! | Testll | Testill | Test IV | TestV
Density D inati
Added % % Ed 1% 12%
[Mass of moukd + Wet Sod {g) 5219 5430 5432 5402
IMbss of mould. WS () 3892 “020 3T A7
[Mass f wed 5ol W7 =WG-A0 {g) 3330 mn 1487 3304
of mosld, V=) 829 0% 00 "9
Sensity, yo = [IW7-WEWV] ofoo 341 153 1.547 1491 NMC
Mol [ Determination
" o5 ©33 Di6 G24 o8
Pass of contaner + wet soil. W1 {0) 83600 28080 24665 23560 200.00
IMass of contanes + oven ary sod, W2 {g) 208.60 U200 a4 205,00 260.00
ass of Waser (g) WarW1 W2 2740 2880 nn 0.0 2000
PMass of contanar, W4 (g0 3,00 2400 3500 2400 28.50
Pans of Ory Soil {g) WS = Wa2-vW 18530 18800 189,44 180.00 231 .40
Conbent (%) Wi« WaWs 100 .76 15.52 12.00 1864 .64
Ory denaity, y, = ¥ 100+WE 100 {gicc) 1247 1.318 1.322 1257 .64
1.3% l : T
|
- 1
R [ 2 ~_] =
.
130 \\‘
g = 7 \\
& / —+ S
118 o
120
4 " e 17 18 19
Mossture Content
MDD: 1328 (gmfec) | OMC: 16.4 % |
Tested By Vesitiod by Appraved By
| Lsb Tedwichn Coomeaenors Moseviel Baglreer (¥ ¥ Lab 5 Matenal Erginses
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Effect of Heat on the Properties of Expansive Soils Denkayehu Nega

CLIENT CONSULTANT CONTRACTOR
G [ EA BN o
A emmaa S ERAR TG,
ETHIOPIAN ROAD AUTHORITY LEA-LASA-UNICONE JMC - LRBCL Joint Vanture.

Effect of Heat On the Properties of Expansive Soils - Denkayehu Nega

ATTERBERG LIMITS
(AASTHO T.89/90) Format No: 010025 IMCEHAER 1F/02-M0
RF1 No. o Lab Ref No. : o
{source - OGL FROM 1+000 10 3+000 FW  [Diate of Sampling: 25/08/2023
Location: Km 24500 LHS Dste of Testing: 05/09/2023
Used M.Sc. Research Sampled By: Denkayshu
Discription Biack Colton Soil Heated 10 3000C | restad By: Saintey
LIQUID LimIT PLASTIC LIWIT
Duscription Tesl | Test i Testil | Testiv | Testl | Testil Avg.
[No of BlownPenatration (mm) 36 7 22
[Container o c-11 Cc-3 C-5 C-7 C-33
(Cortmieur + Wt nasl, W1 (17} 586 &84 6543 40 31
Contalonr + Dry soil, W2 (g) 53.43 52.87 51.23 anza 20.24
[Wasgin of Costaker (g) 25 27 2465 24 41 24 54 1307
(WGt of weatinr, Wa= W1W2 (g} 517 11,43 14.20 1.77 ore
(WSO Of Owen diy sargle. WS<WS - W1 |g) 2843 2587 26.68 13.82 570
[Wistt contim percentags, 100WANWE] 18.19 43.02 5322 12.81 13.33
Chart Grain Size Analysis
s X Total Wt. 200.0,
’ Sleve size | Wi, Ret, %
B -\ 3 mm {e) Retained % Passing
E ; gl - 2.0 450 563 5438
=3 0.425 107.0 13.38 81.00
= 0.075 133.0 1663 64.38
\ Pan 515.0 64 .38 0.00
P \
"
10 100
Axis Title
[ | PL | L
44.00 | 13.07 | 30,93
[Comments:-
Vertfied by Approved Sy
o Lab = < Matrend Fageeny
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Effect of Heat on the Properties of Expansive Soils

Denkayehu Nega

ASTU

CONSULTANT CONTRACTOR
EEERD vusis | AN o
= o
ETHIOPLAN ROAD AUTHORITY LEA LASA UNICONE TMC PROJM
Effect of Heat On the Properties of Expansive Soils - Denkaychu Nega
CALIFORNIA BEARING RATIO TEST
CAASHTO T 193) Foamae Be: D100 ML S0 AL 2LEA S8
0000 Lab Ref. Na. a
OGL FROM 14000 to 34000 379 Lere of Seonpleng, 25/08/2023
Km.z2=50 LHS Dizte of Scaking: 12/08/2023
b.5c Research Dzte of Testag, 16,/0%/2023
[ﬁnh:tial Discnption Binck Cotton Soil Heated to 30020 Liepth (o)t 030w idm
DENSITY DETERMINATION
JSOAKING CONDITION 10 Blowe 30 Blows 65 Blows
Before | After Before | Aftes Before | Afrer
PAOLD NUMBER M19 W01 M-14
W RIGHTT Ol MOLD 714 7144 7115 15 125 T123
WEIGH ' OF S80I + MOLD 10525 10402 10512 110451 10620 1067
WELGH I QOB SOIL J1p: RrATY 30T 3336 3497 3547
VOLUME OF MOLI 2242 2233 243 2243 2243 243
1 DENSTTY OF SOT1. 1.42 1.45 151 1.42 1,58 1.58
13RY DIRNETTY OF S011. 1.22 1.26 1.29 128 1.24 136
o MOISTURE DETERMINATION
CON FR NUMEER G-14 G-21 G5 D2 D11 Dag
WHT BOIL + CONTAINER (g1 243,56 23465 27143 208,54 ZT6AT 263,64
[DRY SO + CONTAINEIL (g) 213.56 206.55 235.50 260,60 243449 22061
WEIGITT OF WATER (g 3000 2810 35.83 37.54 .43 33.59
WZEIGIIT OF CONTAINGR (z) 2588 2478 27.90 29.11 2065 25.87
RTIGT T O DY 5005 &) 167,68 18177 207,60 23149 213.7¢ 208,74
MOISTURE CONTENT 24} 15.98 1546 17.51 16.59 16140 16,68
AVG MOISTURL CONTENT (4 1572 16,85 16.39
Riog Factor 003081 PENETRATION TEST DATA
! Dial Lued  |Coc Leod| il N R T | Cortond
FENFIIATION fmm) SelcTad reacling {kn) i) ending Laud (e} ‘(1):? seading laud he) (k)
0 00 a ao 0 0.0 0.0
0.64 a0 23 160 03 0.0 [
1.27 150 [ 17.0 03 2.0 0.8
1,9 70 a5 A0 Ui 340 1.1
234 15.54 T0 a5 as 250 0& A 30.0 1.2 1.2
A5 0 a7 250 0y 44.C 1.0
341 2.0 19 230 0 50,0 15
445 220 a9 A5 1.2 S54.U 1.7
5.08 a0.22 220 10 10 0 12 1.2 7.0 1.8 1.8
T.6% 0 10 150 13 2.1 1.9
10,16 0.0 2 450 14 64.0 2.0
12,7 300 12 150 1.4 4.4 24
(SWELL READING (INITLALY 222 4.76 4.867
{SRELL READING (FINALY 6.7 573 567
PERCENTAGLE SWELL 3.92 LX) A2
CHR @ 2.54 men 39 5.7 4.9
CHR G 508 mey 4.9 5.9 9.7
\
) )
S Y e e TSP ey aneredyryss
Tesced By Cheacked By S0 Verified by Approved By
Contraelor's 2
1sly Technician Contaaczods Maredal Fopaeer Consultants Lab 'l'u-hﬂ.n Consultant's Maseanl Egmocer
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Effect of Heat on the Properties of Expansive Soils

Denkayehu Nega

ASTU

CONSULTANT CONTRACTOR
[EAEES S L Qi
A e BRI
ETHIOPIAN ROAD AUTHORITY LEA LASA -UNICONE MC PROJECTS {1) LTD.
Effect of Heat On the Propertics of Expansive Soils - Denkayehu Nega
CALIFORNIA BEARING RATIO TEST
{ AASHTO T 193) Foeas Nar 01002/ M/ T2 LALL 211 048-i10]
IRFI No. 0,000 Tab Itof. Mo 05701 /1000
Source . OGL FROM 14000 10 34000 FW Diato of Samgpling: 25706/ 2003
Location: Ken 24500 LHS 1nte of Soaking 12/00/ 2023
Proposa Used M Sc. Resesrch Datc of Testng: 16/09/2023
Matarial Discnption Black Cotton Soll Heated 10 3000 Dopeh (my 030 wo 1.0 me
MDD (gm/ec) | 1.328] OMC (%) | 1640 ]
LS 15 . -
1‘ ‘ | ’ ‘ L; ! I '_Z_'f____"_.“"‘l" n =~ B e Al
T L AT o T T
L LUt Pl inRa annnunn |
1 T s T 111 1 E 1
U EATELL i o - mi | |
.- ~ + i
- AR |
o5 05 e ; L
. L] i7 41 § INREN T
1 1 T T1TTTT ! : 4
‘ ' -2 - I -4
0 &— 0 i
D1 2 3 4 5 & 7 8 5 1011121314 0 12 31 45 6 7 89 1011121314
100
20 - - !
[r )}__; 90 +—— 74
i p a8 KN
| 80 -
4 ! 4 —
| ‘f T 70 ; 7,/ :
| { == Fig=1 I
* / | 50 s O i
1017 + 50 i L
7 ‘ | 4.0 4 -- t
L | | "'A’ {
Y i} ! ‘ EX .
, '] | I Y - R | - »
\ | 1 ‘ 20 1 ) ]
00 ’ ‘ 10
0 1 2 3 4 5 6 7 8 9 1011 12 13 14 120 1.2 140 1.50
Deasty G& 95% coon (gm /o) 1262
CBR (@) 95% Compaction (%) 5.0
Swell @@ 95% Compaction (%) 3.53
P
Tested By Checked By ) Vesified by ' Approved By
Conteactos’s Commctoc’s Mareoal
Lab Techmician Eapmeec Consultant's Lab Techaician Consuliant’s Material Enpincer
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Effect of Heat on the Properties of Expansive Soils Denkayehu Nega

- T CONSULTANT CONTEACTAR
‘ g = E I E ‘A\ BRI
SVRIOFINS NOAD AL FRIVITY LEA-LASA-UNICONE IMAC - LRACL Joint Venture.
Effect of Heat On the Properties of Expansive Soils - Denkayehu Nega
SOIL TESTING AND APPROVAL RECORD
BFE No. LAD REF. NO.
souRce OGL FROM 14000 to 34000 FW SAMPLEING DATE 25/08/2023
[SAMPLING LOCATION Km.2+500 LHS SAMPLE DEPTH (M} 0.30t0 1.0m
[PumPOSID TO UST M.Sc. Research
MATERAL DESCRIPTION: Black Cotton Soll Heated to 400°C
No. TEST PERFORMED TEST RESULTS TEST METHODS ACCEPTANCE CRITERUIA |  APPROVAL STATUS
vES
MDO at 100% 1.425 plem’ — [_-'—E]
1 | compaction TesT ome 155 % MMV Methad AL »
; D/ASTM D557 | ot ] e |
ves nO
MDD ot 95% 1358 wfom’ ) com— ) |
CAR at 55% MDD 58 » s YeS o
>
. o ARSHTO 1927 EE )
Yo ASTIA D 1883 3 YeS nNo
SWELL : ~ « ol
== {f] -
AASHTO T-89/90/ YES N
LALND LIMIT (LA a0 L ASTIA D16 <60 —  —
AASHTO T-39/90/ YES NO
k] SOIL PLASTICITY | PLASTIC LIMIT {PL) 11 % ptidirate =
PLASTICITY %5  w AASHTO T-39/90/ <5 VES NO
INDEX{P1) ; ASTM D 4318 | o ) B
iNote: Attach indhidual test recordy and dota sheet
|Remarks:
- r's Rep - N Consultant’s Repr
Spnere | Deey | Sgoative B
74
A1)
e oo | 8| 810t b | e
-
PSP AL 0T 400
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Effect of Heat on the Properties of Expansive Soils Denkayehu Nega

CIERT I TONSULTANT CONTRACTOR
|
| EAR s BN o
gy ==
ETHIOMAN ROAD AUTHORITY LEA-LASA-UNICONE - LRECL Joint Venture.
Effect of Heat On the Properties of Expansive Soils - Denkayehu Nega
MAXIMUM DRY DENSITY AND MOISTURE CONTENT
(AASTHO T-180) Format No: 01002AMCIEHARIZ{FD3-RO
|RFI Na Lab Ref No. !
¢ QGL FROM 1+000 to 3+000 FW Date of Samping: 25082023
Location! Km. 24800 LHS Date of Testing: 0a082023
[Propose Used M.Sc. Research Sampled By: Derkayahu
Type of Method A | Testod By Jountly
[Material Discription Rlack Cotion Scil Heatod 10 4000 Depth (M) 03010 1.0m
Description Testl | Testnl | Testill TestlV | TestV
Density Dotormination
fvate: Asded % 3 e 1% 212%
fiasa of mowd + Wt Soi (g} 000 5413 5523 5499
Vo of mouid, WS () 3677 an1 396 4017
IWans of wet sod, WT=We-Ws () 1 e 1541 1482
Vekana of mowd, V (o2} [T 929 923 29
Ruk demty. vy, = [(AT-WEWV] ghec 1.416 1508 1,655 159% NMC
M Ci Deter o
no o4 [-2] ms a2 (]
Mz of cortaiar « wat soil, W1 10) 24566 241 88 24576 239.00 280.00
[Mass of comainer + oven cvy sob, W2 fgj 219.57 1348 114,64 20530 25500
[Miass of Wirtne () WImW1-W2 2579 a5 1132 TR 2500
[Mams of contatner, W (g) 20 23.00 23.60 2650 28460
[Misas of Dey Sol () WS = W2-Wd 197.87 150.43 150.84 18120 22640
[Makture Cortont (%) Wi WAE® 100 1303 10.94 16,41 1.0 11.08
[Ory cuniity, v, = Y1100+ WEI*100 {gicc) 5262 1313 1.425 1.345 TL04
148 I — -
140 |—— —1— ——
g 138 =
g 130
15 |- -
.,
2 13 2 1 15 17 18 19
Maisture Content
MDD 1.425 (gmfec) | OMC: 16.5 % |
i\
";:_g - ‘/
T Tesed By : Verifiod by Appraved By
Comractor's
Lab Technician = Lab T < Aaterial Bapreey
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Effect of Heat on the Properties of Expansive Soils

Denkayehu Nega

CLIENT CONSULTANT CONTRACTOR
' LW
A= T mmaTreTeam
ETHIOPIAN ROAD AUTHORITY LEA-LASA-UNICONE JMC - LRECL Joint Venture.
Effect of Heat On the Properties of Expansive Soils - Denkayehu Nega
ATTERBERG LIMITS
(AASTHO T-89/90) Foemat No: 010021 IMCIEHAE 1F202-R0
|rFINo 0 Lab Ref No. : o
|source - OGL FROM 14000 to 24000 FW  |pate of Samping: 25/08/2023
|ocation: Km.2+500 LHS Date of Testing 05/08/2023
Propose Used M.Sc. Research Sampled By: Denkayebu
|Material Discription Black Cotlon Scdl Heated to 4000C | 1gs10d By: Jointly
LIQUID LIMIT PLASTIC LIMIT
Descnpron Test | Test I Test il TestlV_| Testl | Testll Avg.
[No of tiows/Feretration (mm) a2 26 17
— c-4 c-32 C-15 ca c-18
[Continar + Wt sl WY (5} 57.5 61 63.3 43 33
Container + Dry sal W2 g} 48,99 49,77 49.88 40.33 31.84
[Weight of Contalver () 26,34 281 246 23 24 15.10
Pveiont ot watnr, v Win2 i) 8.51 11.23 13.42 2.67 1,18
[Weigat of arvin dry aimeda, WSSWS - Ve1 () 23565 2387 25.28 17.33 7.84
[Watar contont peroentags, 100x(VAAVS) 3598 47.44 53.00 15.41 14,80
Chart Title Graln Size Analysis
Total Wt.{gm 750.0|
Sieve size | Wt, Ret. %
50 mm ) | Retaineg | *  Pasine
o . 20 40.0 533 94.67
E ™ 0425 4.0 587 88.80
3 0.075 143.0 19.07 69.73
" Pan 5230 | 69.73 0.00
-
0
" Axis Title 1o
LL | PL | Pl
44.00 | 15.10 | 28.90
\
]
_-_f)/‘
P~y = = e
Tested By Verified by Approved By
Contractor's
Lab Techmicisn C 'x Lab ¥ < Motersd lingnes
ASTU MSc in Geotechnical Engineering
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Effect of Heat on the Properties of Expansive Soils

Denkayehu Nega

CONSULTANT CONTRACTOR
BN vusem | AN o
g e
ETHIOPIAN ROAD AUTHORITY LEA LASA-UNICONE IMC PM
Effect of Heat On the Properties of Expansive Soils - Denkayehu Nega
CALIFORNIA BEARING RATIO TEST
{ AASHTO T 19%) Tormear Mo 01002/ JMC/TTEAIL 11/ TMA -0
|RFi NG, o JEeb Ret o 0
|Source OGL FROM 14000 to 3000 FW ___ [Dare of Sampliog 25/08/2023
Location K, 24500 LHS Dase of Susking: 12/00/2023
Used M.Sc. Research Dhase of Testing: 16/09 /2023
Materal tion Black Cortron Soal Heated o 4000C [Depth {m) 0.3 10 1.0m
DENSITY DEERMINAT!ON
E(JJ\IGNG CONDITION 10 Blows 30 Blows 65 Blows
Before | After Before | Afer Before After
MOLD NUMBIR M-12 M-45 M-17
WEIGHT OF MOLD 7006 7096 7212 7213 7114 7114
WEIGHT OF S01L._+ MOLD 10445 10550 10734 10820 10860 10852
(WEIGHT OF SOIL. 3349 3454 3522 3607 3746 3718
VOLUME OFF MOLD 2243 2243 2243 2243 2243 2243
WILT DENSTTY OF SOIL 49 1.54 1.57 1.6 1.67 1.66
[ORY DENSEIY OF SOIL .29 1.50 136 1.3 [} 1.42
MOISTURE DF-I"_ERMINATIOI\
CONTAINER NUMBER G-16 G-53 G-8 -3 D16 D-04
WET SOf. + CONTAINER (g) 244,60 244.00 28000 209 56 277.20 263.76
DY SOIL + CONTAINEIL () 214.66 210.00 245.54 262.80 242.13 229.80
[WEIGHT OF WATER () 2994 34.00 34.46 36,76 35.07 3396
WEIGHT OF CONTAINER (i 25885 24.78 27.90 29.11 28.65 2587
WEIGHTT O DRY SOLL (@) 18876 185.22 217.64 233.69 21548 203.93
MOISTUIRE CONTENT (%) 15,86 18,30 15.83 15.73 1643 1665
AVG. MOISTURLL CONTENT (%) 17.11 15.78 16.54
|Ring Fuceor 0.03081 PENETRATION TEST DATA
: } Coe. ,
Dl Lot |Cor Lasd|  Dial Dial Coe. Lond
Sl Load Load (ket) | Eod 2 Luad (kn)
PENIEYRATION (men) wading () Gen) | readding ey | ™om (k)
0] 0.0 [ a0 0 a0 [
0.64 130 05 170 035 220 0.7
1.27 16.0 0.5 19.0 06 270 [
1.96 17.0 05 310 06 560 10
234 1354 17.0 0.5 a5 240 07 07 37.0 K] .1
348 120 0.6 26.0 08 70 4
E¥T] 0.0 0.6 =10 i) W0 5
3.45 24.0 0.7 9.0 ) 1.0 16
5.08 2022 24.0 0.7 0.7 ) 1.0 1.0 401 ] 7
7.62 26.0 0.8 370 (K] 560 17
10.16 2.0 0.0 39.0 12 580 18
2.7 200 0.9 44.0 14 620 19
SWELL RIZADING (INITIALY 376 5.87 645
[SWELL READING (FINAL) 811 .87 10.60
[PERCENTAGE SWELL 3.44 357
CHE @ 254 awn 5.5 84
CHR (3 508 mm —e 5.2 8.2
) -\
...1::.;% ...... ,‘,1 .....................................
Tested By 3/ Vesificd by Approved By
Contractor's
Lah ‘T'echnician Contactoc's Mareoal Consultant's Lab Techaician Consulrant's Marzerial nvecs
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Effect of Heat on the Properties of Expansive Soils

Denkayehu Nega

ASTU

CLIENT CONSULTANT CONTRACTOR
> EEpsr | AN 22
=S, PEETEETRER
| ETHIOPIAN ROAD AUTHORITY LEA-LASA-UNICONE MC PROJECTS () LTD.

Effect of Heat On the Properties of Expansive Soils - Denkayehu Nega

CALIFORNIA BEARING RATIO TEST

(AASHTO T 193) Viomment N (IL0CEIMIC/ EMARS2IF A4 0
I:RFI No. oo = 1ah et No 00/ 0171903
Source : OGL FROM 14000 to 34000 FW Date of Sampli 25/ 08/ 2023
Location: K, 2+500 LHS Dare of Soaking: 12/06,/2023
Propose Used M.Sc. Research (Date of Testing: 16/00/ 2023
Material Discription Black Cotton Soil Heated to 4000C Dxepals (ns): 0301w LOm
MDD (gm/ec) | 1425] OMCee) | 1650 |
1 ) o o N AN
[ A HH N 4 1 /‘F'i"
L | DP‘,/ i & | LA |
bt I : - wEaERENE
o et ‘
s TR I i ﬂ‘. f i
. - SN 1 muai
W | ez RN 18 ERER R AR REARRAR
’ / 0s -
17 { - 1 | i NN
' /1 | '
! ‘ CEEECEeee o 1
o | || L 1} | 1! | o i Pl 1 B
01 23 A S 6 7 B 9 101112131 01 2 3 4 5 6 7 8 95 1011121314
10.0 —
20 . - 1 1 3 15
\ L LA e =
‘ ” T 8.0 /"
{ i b | % K N2 1O B SR JCA N 30T 2 O SRS
1 AT T i 720 = 7
| 6.0 :
| [ —— . I
0 | | so T Y T
o [111] B o m i a ma
/ 5 lr y | , T { B B 3'0 | ] i '
(1] S { 1 {
l 1k X o 1 A I
00 £t . 1.0 .
01 2 3 a5 6 7 & 91011 121314 120 130 140 150
Densi 95% LN Je) 1354
BR (@ 95% Comgaction (%) 58
5 95% Compacuoca (%5) 3.58
e - =\
t’% / J) Cesii e SR R i
Tested By Chocked By Verified by Approved By
Coatmactor’s Contmetor's Material
Lab Technician Eopaeer Consultant's Lab Techaician Consultant's Material Engincer
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Denkayehu Nega

ASTU

CUENT

ETHIOPIAN ROAD AUTHORITY

CONTRACTNR

AL

JMC - LRECL Joint Venture,

Effect of Heat On the Properties of Expansive Soils - Denkayehu Nega

SOIL TESTING AND APPROVAL RECORD

]un REF, NO,
SOURCE OGL FROM 14000 to 34000 FW |saseceme oate 25/08/2023
{sanpeme wocamon Km.2+4500 LHS ]snswu DEPTH (M) 0.30to1.0m
PURPOSED TO USE M.Sc. Research
MATERIAL DESCRIPTION: Black Cottan Soil Meated to 500°C
No. TEST PERFORMED TEST RESULTS TEST METHODS | ACCEPTANCE CRITERIA | APPROVAL STATUS
YES NO
MDD at 300% 1440 gem’ [ comnen N
AASHTO T-180 Method vis NO
1 | COMPACTION TEST ome 16 = o/ASHA  D1SSY e ] —
YES NO
SEOREN || T (N =
a YES NO
I #1 95% MDD 0 0% >
. o AT 198/ =33
2 C ASTM D 3823 vES NO
SWELL 192 % <2 1
AASHTO T-89/50/ YES NO
LIQUID LIMIT (L) o0 % Pttt <60 —
AASHTO T-89/90/ vis NO
3 SOILPLASTICITY  |MASTICUMIT{PL| 149 = preilddgensin e | o
PLASTICITY %1 % AASHTO T-89/90/ <3 VES NO
INDEX(FY) i ASTM D 4318 e ) O—
BN O —
Note: Attach indhidual test records and data sheet
Romarks:
Contractor's mrmﬁve \ Consultant’s Repeesentative
Sgnaturm ‘ T Date ' l sigratare Ot
\ -._'_~'/
Materisl Engioeer 7 ShY Materiol Inginesr
M 13hr )2z
e

MSc in Geotechnical Engineering
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CUNY CONSULTANT CONTRACTOR
| 4 B BN s
ETHIOPIAN ROAD AUTHORITY | LEA-LASA-UNICONE IMC - LRBCL Joint Venure,

Effect of Heat On the Properties of Expansive Soils - Denkayehu Nega
MAXIMUM DRY DENSITY AND MOISTURE CONTENT

(AASTHO T-185) Format No: 01002 MCIEHAEZIFD3.RO
|rF No. Lab Ref No. :
P_vgo: OGL FROM 1+000 to 3+000 FW _ |Date of Sampling 25/08/2023
Location: Km.2+500 LHS Date of Testing: 02082023
|Propese Used M.Sc_Research [Sampied By- Denkayeh
of M A Tested By: Jointly
rial Description Black Cotton Suil Heated 10 5000C Depth (M) 030to 1.0m
Description Test| | Testll | Testlil TestlV | TestV
Density Determination
[iuter Adden % 5% % 0% 12%
Plass of moudd « el Sod (g) 5010 Sa3 5534 S409
blass of modd, WS (g) 3678 4008 3978 4003
s of wet 301, W7=WEWS (0) 1332 1415 1554 ARG
Norme of moud, V (cc) 929 929 929 wan
[Buk decaty, yy, = (AT W] pec 1.43¢ 1523 1.673 1600 NMC
o = = e
no s o013 s G4 e
[Wass of cortainer + wot s0d, W1 (9) 2395 1w .00 25500 280,00
[Wass of cortaines + oven dvy ecil, W2 (o) 213.20 a1 305,00 20300 255,00
(Mass of Waler (o) Wa=W1-wW2 2630 39.22 20.00 3100 2500
[Viase of comainer, Ve {g1 22.00 33,00 .60 2830 78,00
Mass of Doy Soif (g) WS = Wa-W4e 19120 190, 78 181.40 17850 736,40
[Moisture Content (%) Wo= Wa/Ws*100 1370 1470 16.54 1783 11.06
Oy cnaity. vo = v U100+ 45) 100 _(pfoc) 1260 1328 1437 1.357 11.04
145
j = o
140 —
= — D
VA N
135 - A
E S
X r
s 130 = <
125 -
120 —
13 14 1= Ry Se iR 19
Moisture Content
MDD: 1.440 (gmjee) | oMC: 16.6 % B
’ A
T lested By Verified by Apprewed By
Conrector's
Lt Technjcam o 1ah Yck c s Material Engtoe
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CLENT ’ CONSULTANT CONTRACTOR
Ny LW
ETHIOPIAN ROAD AUTHORITY ‘ LEA-LASA-UNICONE JMC - LRBCL Joint Venture.
Effect of Heat On the Properties of Expansive Soils - Denkayehu Nega
ATTERBERG LIMITS
(AASTHO Tm} Format No: 01002UMCIEHAEZ1FI02-RO
RFI No. 0 Lab Ref No. : 0
Isource - OGL FROM 14000 to 34000 FW  |pate of Sampiing: 25/08/2023
Location: Krm 24500 LHS Date of Testing: 05/08/2023
[Propose Used M.Sc. Research Sampled By: Denkayehu
Isterial Discription Black Cotton Soil Heated 10 5000C | yqstod By: salntly
LIQUID Limim PLASTIC LIMIT
Descyiption Testl | Testll | Tesilll | TestiV | Testi | Testll Avg.
[No of blowaPanatration (mm) 33 26 17
[cortainm e cs c-31 C17 c2 c1
(Container + Vet 30, W1 (g} 575 59.99 86.14 40 a7
|Container « Dry sot, W2 (g) 45 68 512 50 ar 36
of Contaimes (g) 23 6 24 23 24 14.88
[Wesght of water. Wan W1W2Z (g} 7.84 877 1514 3.00 1.00
of oven dry sample, WS=Va3 - W (g) 26.66 2522 26.00 14.00 12.00
[wiasor cordunt percentngs, 100x(V/ANNS) 29.41 24.77 58.23 21.43 833
Chart Title Grain Size Analysis
i A Total We{gm 850.0f
N\ Slevesie | WiRet | % i
o5 \ mm g) Retained A
» &% 2.0 350 312 9588
= 0425 39.0 4.59 9120
3P N 0.075 143.0 16.82 74.47
T Pan 633.0 74.47 0.00
B ~
15
» Axis Title -
L PL Pl
40.00 14,88 25.12
'.'\
——, ~\
3 ) %
e S 7 e
Tested By 4 Verifed by Appraved By
Controctor's
Lab Technaciann C #'s Lad T Crmuabisals Mutcrinl Erggesos:
ASTU MSc in Geotechnical Engineering
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CONSULTANT CONTRAGTOR
B wusrim | AN S
= o
ETHIOPIAN ROAD AUTHORITY LEA-LASA UNICONE JMC mmzm
Effect of Heat On the Properties of Expansive Soils - Denkaychu Nega
CALIFORNIA BEARING RATIO TEST
{ AASHTO T 193) Forrwt Mo 11000/ INC/EHAL IR AN RO
RF1 No. 0.000 Lab Jef. No. [0
|Source OGL FROM 14000 to 34000 FW  |[Dato of Sampliy: 25/08/2023
|Locstion: Kan. 2+ 500 LHS Dnte of Soaking: 12/09/2023
Propose Usad M.Sc. Research Dutc of Testing: 16/09 /2023
Matarial Discription Black Cotton Sodl Heated to 5000C Depeh {m}: 0.3t 1.0m
| DENSITY DETERMINATION
|SOAKING CONDITION 10 Blows 30 Blows 65 Blows
Before | After Before | After Before | Aftee
MOLD NUMBER M-12 M43 M-17
[WEIGHT OF MOLD TO96 7006 7212 7213 7114 7114
WEIGHT OF SOIL,_+ MOLD 10348 10543 10734 10568 10860 10832
WEIGHT OF SOIL 3249 3447 3522 3355 3746 3718
VOLUME OF MOLD 2243 2243 2243 2243 2243 2243
WET DENSTTY OF SO1L, 1.45 1.54 1.57 150 1.67 1.66
DRY DENSITY OF SOIL 125 130 1.36 1.29 1.43 1.42
MOISTURE DETERMINATION
[CONTAINER NUMBER G-16 G-53 Ga D3 D-16 D04
WIET SO11 + CONTAINER (g 244,60 244.00 280,00 299 56 277.20 26376
DRY SOIL + CONTATNER (i 214.66 210,00 24554 26280 24213 229 80
[WIAGITT OF WATER (g) 70.94 34,00 34.46 36,76 35.07 33.96
WHIGHT OF CONTAINER @ 2558 24.78 27.90 29.11 28.65 2587
WEIGHT OIf DRY SOTL (g) 188,78 18522 217.64 23569 213.48 20393
[MOIETORR CONTENT 6%) 15.86 1836 15.03 15.73 16.43 16.65
VG, MOISTURE CONTINT (%) 1711 15.78 16.54
Factor 0.03081 PENETRATION TEST DATA
) Cox R
Dl Load  |Goetoad| Dist ” Dial Cort. Load
Sid. Load Lowd P " Load
PENETRATION (mm) ceadiog | () (km) | reaifing b kny | *e*dina s )
o a0 0 00 0 0.0 i)
068 170 0.5 19.0 0.6 240 av
127 190 .6 1.0 0.6 27.0 0s
196 2040 0.6 25.0 [ o 10
2.54 1554 3.0 0.7 (%] 9.0 0.9 09 §70 [X] K]
38 260 [ 310 .0 390 12
is 28.0 [ 20 11 450 14
3.45 3.0 10 380 12 520 6
5.08 20.22 M0 10 10 30 1.2 1.2 S8.0 1.8 LB
7.62 360 1.1 420 13 1.0 1.9
10.16 37.0 11 W50 [ 4.0 20
2.7 0.0 12 o 4 1.0 21
[EWELL RIEADING QNITIAL) 376 5.87 5.45
[SWELL READING (FINALY B11 0,87 10,60
PERCENTAGE SWILL 244 1.74 157
GBI @ 254 mm 52 6 84
CEIE @ 5.08 mm 5.2 50 88
3
RO o) o S
Tested By o~ Verified by Approved By
Contractoc’s N e s
Lab Technician Coarmsctor’s Matecal Enpiaces Coasultant's Lab Technician ___ Consultant's Matesial Engmeee
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ASTU

CLIENT CONSULTANT CONTRACTOR
« O | A I\ =
. e TS
ETHIOPIAN ROAD AUTHORITY LEA-LASA-UNICONE JMC PROJECTS (1) LTD.

Effect of Heat On the Properties of Expansive Soils - Denkayehu Nega
CALIFORNIA BEARING RATIO TEST

{ AASHTO T 193) Forreat N 01002/ JMC/EHATS 24 O4B-ROJ
[RFINo. 0.000 Tab Ref. No, /70171900
|Source - OGL FROM 1+000 to 34000 FW Date of Sampliag: 25/08/2023
Km.24500 LHS Dite of Soaking 12/09/2023
pose Used — M.5c. Reseacch Dwte of Testng 16/09/2023
riat Discription Black Cotron Soil Heated w 5000C Diepth (m}: 0.50 t0 1.0 m
MDD (gm/cc) | 1.440] OMC %) | 1660 |
2 -
5 | J [1{1] am I b D :
N ¥ JLr iy 1= T - 1 }
1t T L4H-H | . . it
mm SESINE - .
1 ' ; u ! Cpber
1% I | DR
L1 L LR 8 ! 1 :
L3 ‘ | I : |
Ll | HEEP d o 1k
0.5 - - " { 1
! | [ 05 :
| T A
o | ;' l i 0 + !
001 2 3 4 5 & 7 8 % 1011121314 012 3 456 7 8 91011121314
0.0 ™
3.0 - : —
| ’ { a.0 - o
=) G I i I 2
i I 80 { [ 1 ;,/.A—
1 4 |
20 114 — " | 7_/.ql ff—
=8 ’ 6.0 ‘ o
T.. /.! il g = -
3 e, 4l Bl | 40 ; ! —
ol ' E 0 : S —
an | 20 +—— : - I
h ! | 4 | ‘1 4 ) [
0.0 & =1~ L L 10
01 2 3 45 6 7 B 9 1011121314 120 130 140 150
i 95% Compaction (gm,/cc) 1.368
R @ 95% Compaction (%) 7.0
@ 95% Compaction (%) 192
= \
z:".._.s'%f’. ;';”,’ .........................................................................
Tested By o/ Verified by Approved By
Contractor's Contractor’s Materal
1ab Technician Eayinees Coasultant's Lab Technican Cnnmhm‘:hhmhlﬂn&
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ASTU

ACTOR
CLENT SONSULTANY CONT®
| AT A\ &
[ ]
STHOPAAN NOADALTHOMNTY LEA-LASA-UNICONE IMC - LRBCL Jaint Venture.
Effect of Heat On the Properties of Expansive Soils - Denkayehu Nega
SOIL TESTING AND APPROVAL RECORD
LAD REF. NO.
Isouac: OGL FROM 14000 to 3+000 FW SAMPLEING DATE 25/08/2023
|sanpiing LocaTion Km.2+500 LHS SAMPLE DEFTH (M) 0,301 1.0m
PURPOSED YO USE M.Sc. Research
MATERIAL DESCRIPTION: Black Cotton Solf Heated to 600°C
No TEST PERFORMED TEST RESULTS TEST METHODS | ACCEPTANCE CRITERIA | APPROVAL STATUS
s NO
MDD at 100% 1400 gem’ 1
AASHTO T-180 Method VES No
1 | COMPACTION TEST oMc 2 % G DT e} —
VES NO
el Rl ] —
CBR at 95% MDD 75 % s = ”
a »
A - e i
ASTM D 1883 YES »O
- e ® G o |
AASHTO T-89/90/ VES No
LICURE LIMIT {LL) 405 £ ASTM D 4328 < :] :l
AASHTO T-89/90/ YES NO
3 | SoPLASTIONY |PlasmicusiTiPu| 146 M ety Bondn —f —
PLASTICITY T AASHTO T-89/90/ < YES NO
INDEX(PI] : ASTM D 4318 oy (R FE— |
[Note: Attach individual test records sod data sheet
|Remarks:
C 's Hep Consult
Sigratars . Senanumn Date
7 TN
Matorial Engineer /.4 " Maturial Enginesr
M /315ep /23 )
A ACH OLLT 2593
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TUERT CONSULTART CONTIACTOR
| AR EIAe AN o
et S =58
ETHIOPIAN ROAD AUTHORITY LEA-LASA-UNICONE JMC - LRBCL Joint Venture,
Effect of Heat On the Properties of Expansive Soils - Denkayehu Nega
MAXIMUM DRY DENSITY AND MOISTURE CONTENT
(AASTHO T-180) ‘oml_ﬁ No: 01802LMCIEHAEIZ1F03-R0
|RFI Na. {Lab Rel No.
|Source - OGL FROM 14000 to 3+000 FW __ |Date of Sampling: 2500812023
|Location: Km. 2+500 LHS Date of Testing: 0302023
|Propose Used M.Sc. Research Sampled By: Dankayahi
of Method A Testod By: Jointly
terial Discription Black Cotton Soil Haated 10 6000C Depth (M) 03010 1.0m
Description Test! | Testl | Testill TestIV [ TestV
T ST
[Vaoner Addes % % o3 1% 12%
Mass of mostd « Wel Sof (g} 00 5823 S5 520
Masn of modd, WO (5] 3678 008 Iom 400
Mnas of wel o, WT=We-Wa (g} 1332 14315 1558 15317
[Votume of modd, V(o) Lrd e e €29
Uk deosity, v, = [(W7-WEWV] pco 1404 150 1675 1633 NMC
Moisture C: D tion
no 050 011 02 G4 o8
Phusa of containel + wot sold, W1 (g} 22200 260.00 23355 238.00 28000
Plass of container + oven ooy scil W2 (g) 19899 229.00 W59 201.00 260 00
Maso of Winer {g) WasW1. W2 23m 31.00 30.56 37.00 2000
Mass of contalwer, WOE 23460 2300 340 24630 2840
[Mass of Ory Sof (g) WS = W2-W4 17539 306 00 17939 17650 21140
[Moisture Contart (%) Wos WIAAS"100 1332 15.0% 17.08 209 8.64
Dy derniy, y, = y M 100+WE* 100 (giloc) 1.268 Az 1.4a1 1.5%0 s6d
145
140 e e o o e e
g 148 B o T B B
E 130 .: = 1o =
1s
L0
1 14 pLY 16 n 18 15 W n
Moisture Content
MDD: 1.430 (gm/fec) | OMC: 17.2 % |
-
3
e " "
Tested By Verifiod by Approved By
Contmctor's
1 = Technician Contiactors Maesial Bagiecer o y L [« Mucod lugnes

ASTU
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CLIENT CONSULTANT CONTRACTOR
"Aun L =
e~ ]
ETHIOPIAN ROAD AUTHORITY ‘ LEA-LASA-UNICONE JMC - LRBCL Joint Venture.
Effect of Heat On the Properties of Expansive Soils - Denkayehu Nega
ATTERBERG LIMITS
(AASTHO T-89/90) Format No: 010021IMCEHALIZ1F 02-RO
RF1No. 0 Lab Ref No. : 0
lsource : OGL FROM 1+000 to 3+000 FW  |pate of Sampiing: 25/08/2023
Location: Km.2+600 LHS Date of Testing: 05/08/2023
|Propose Used M.Sc. Research Sampled By: Denkayehu
Matesial Discription Black Cotton Soll Heated to 8000C | Tested By: lointly
LIQUID LIMIT PLASTIC LIMIT
Description Testl | Tosthl | Testiil | Testiv | Testi | Testil Ava
No of blowa'Penevaton (mm) 30 25
Containe: No C-5 C-31 c-2 C1
[Container + Wet scil, Wt {g) 614 592 40 a1
ccntaner + Dry soil W2 4g) 50.3 4966 a7 77 388
of Contanar (g) 23 26 2267 2386 14.62
Wieight of water, Vid= W1-W2 (g) 11.10 9.54 223 220
[Waight of aven dry sample, WEWS - W1 () 2130 2368 15.10 1520
content percaniage, 100xW4WS) 40,66 40.32 1477 14 47
& Chart Title Grain Size Analysis
Total Wt.(lm 850.0
Sieve size | WL Ret % % Passi
mm ) Retained ng
2 20 330 3,88 96.12
E - S s S 0.425 370 .35 91,76
z 0,075 1030 | 1682 74,94
Pan 637.0 74.94 0.00
£
< Axis Title =
1L L ]
40.49 14.62 25.87
Comments:-
% T
)
ﬁZﬁEQ: ..... o Y
Tested By Variied by
Contracir's
Lab Technician Iy s Lo T &

ASTU
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CONSULTANT CONTRACTOR
D wusmm | LN o=
_A\
ETHIOPIAN ROAD AUTHORITY LEA-LASA UNICONE IMC PROM
Effect of Heat On the Properties of Expansive Soils - Denkaychu Nega
CALIFORNIA BEARING RATIO TEST
{ AASHTO T 193) Frorrrat Noe: 01002FNC/ FHAI/ IV G4 30
|RFI NG, 0.000 Lab Ref. No. )
|Source . OGL FROM 14000 to 34000 FW  |Date of Samplieg 25,/08/2023
Km.2+50) LHS Dt of Sosking: 12709/ 2023
posa Used M.5. Rescarch Date of Testing m?oshozs
A i Discription Black Cotton Soil Heated to 6000C Depth (m): 0.3 w0 1.0 m
DENSITY DETERMINATION
SOAKING CONDITION 10 Blows 30 Blows 65 Blows
Before | After Before | Afier Before | After
IMOLD NUMBER M-20 M-4 M-13
(WIGHT OF MOLD 7096 7056 7200 7209 7111 7111
WLLGIHIT OF SOT1L, + MOLD 10300 10450} 10710 10745 10910 10934
(WRIGHT OF SO1L 3365 3398 3412 3455 3755 3788
VOLUME OF MOLD 2243 2243 2243 2243 2243 2243
(WIZT TIENSITY OF 501L 1.50 1,51 1.52 1.54 1.67 1.69
DRY DENSITY OF SO1L. 128 1.29 = 1.31 133 1.44 1.45
MOISTURE DETERMINATION
CONTAINER NUMBER G-19 G-65 G-18 13-3 D13 1D-44
WET SOIL + CONTAINER (o) 244,60 24400 281,00 297.00 28000 265,00
RY SOIL + CONTAINER (g 215.00 21200 246,00 261,00 245.00 231.00
(WHIGHT OF WATER () 31.60 3200 35.00 36,00 3500 34.00
(WEIGHT OF CONTAINER {5 2588 24.78 27,90 29.11 2865 25.87
(WEIGHT QF DRY SOIL () 187.12 187.22 21810 231.8% 21635 20513
IMOISTURE CONTENT (%) 16.89 1700 16.05 15.52 16.18 16.57
AVG. MOISTURE CONTENT (%) 16,99 15.79 SR 16.38
Factoc 0.03081 PENETRATION TEST DATA
X Cor.
Pl Load  |Coc Load al ial Cor. Loml
e e Sl Laad weading ) (ko) \ Load (ka) | Load vl Load {kn) )
0 a0 1] 0.0 0 00 0.0
0.64 19.0 0é& 20 07 260 0.8
1.27 210 a6 230 07 280 0.9
196 250 as 210 08 34.0 LD
2.54 13,54 2940 a9 a9 31.0 10 1.0 38.0 2 12
3.8 31.0 1.0 340 1.0 39.0 1.2
3.81 36.0 1.1 360 1.1 46.0 14
4.45 3.0 1.2 8.0 1.2 55.0 1.7
5.08 2022 39.0 1.2 12 40.0 1.2 12 520 15 18
762 420 1.3 420 1.3 620 19
10.16 45.0 1.4 4.0 1.4 40 20
127 47.0 1.4 49.0 1.5 @0 21
SWELL READING NTTIAL) 233 4.60 643
WILLL READING (FINAL) 8.11 9.77 9.98
RCENTAGL SWELL 1,97 1.44 1.05
CHIR (@ 254 mm 6.6 . 7.1 [
CBR @ 5.08 mm 59,7 ¥ N a.1 8.8
v'{: - N
i :1\
— LI .
B % 4
W T - SRR L7 SNV VAP € 1 f Ot A By R OS LD PIN XRCILER: 3
Tested By Checked By Verified by Appeoved By
Comtsactor's
Lab ‘T'echaician Contractor’s Material Consultant's Lab Technician  Consultane's Marerial
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3)L.C . Cash sales voucher

(LR AT ICT ENGINEERING PLC

ICT ENGINEERING Pl Tel: 0911630467

T R 1 (S I TR T T 0911406474

QIR GITERE L w11
= g HICT R M PR T E TR — —

Voucher No  CSV-0000165-23

[N (TR '
(1SN L g | (BN} Date 05-09-2023 12:20 PM

LI IR
N e TI ORIEIED
Covbomar Moot o due e ulw
u
(O R B U T BN [ |
Cieinr - ieterd

fescr 1P Lan Hit
Wiler i Tendan I0 T a0
X0 T o1, 000 w0
IRXT 1Y s o | bS5 D0
T
107AL oJ2,765.00
LRSI «12,765 .00
ITEN® |

(R

P a1 (TR

INVALID WITHOUT FISCAL OR REFUND RECIEPT ATTACHED

ERP system by TOHEY Technologics, Addis Ababa Ethiopia (www.toheytec.com) e
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7.2 Appendix 2: Photo

Sample Preparation

Plastic Limit Test

Liquid Limit Test
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Free Swell Test

Heat Treatment Using Furnace

Furnace used for Heat Treatment

Linear Shrinkage Test

Plastic Limit Test
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