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ABSTRACT 

 

M. Sc. Thesis 

 

DETERMINATION OF THE THERMAL CONDUCTIVITY OF TRIPOLI 

SOIL WITH A CHANGE IN LIME AMOUNT, WATER CONTENT AND 

DENSITY 

 

Ali Mohamed K. HANDAR 

 

Karabük University 

Institute of Graduate Programs  

The Department of Civil Engineering 

 

Thesis Advisor: 

Assoc. Prof. Dr. İnan KESKİN 

October 2021, 107 pages 

 

Population growth is one of the causes of increasing the demand on the prime 

requirement of life like water, food, and energy. These prime requirements have an 

intensive effect on the environment, especially energy production. Thus, increasing 

the demand for energy and global warming leads the researchers to explore new 

renewable and sustainable energy resources to cover the energy demand and be more 

friendly with the environment. Geothermal and Thermal Geology energy is one of the 

methods to produce energy that took the researchers' attention due to its good results.  

This study aimed to examine the thermal conductivity of Tripoli soil in Libya to 

evaluate its capability to take advantage of the Geothermal energy. Three series have 

been used to conduct this process and these series are W series to examine the water 

content of soil sample, L series to add the ratio of lime to the samples and D series to 

change the density ratio of samples.  In this context, the mentioned series with multiple 

batch were made to examine the thermal conductivity of the soil using laboratory 
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steady-state method. Then, the definition of tests series was given to examine the 

thermal conductivity of Tripoli soil with a different water content in each sample (W 

series), examine the thermal conductivity of Tripoli soil samples with the addition of 

lime and keeping the water content at 10% for each sample (L series), and examining 

the thermal conductivity of Tripoli soil samples with different densities and keeping 

at 10% water content for all samples (D series). The best results associate with thermal 

conductivity of the soil is listed as W series, D series and L series. The maximum 

thermal conductivity has been obtained with 3.41 W/m.℃ in the WTS20 batch in the 

W series. 

 

Key Words : Geothermal Energy, Thermal Conductivity, Tripoli Soil, Lime, Water 

Content, Density, Laboratory Steady-State Method, Environmental 

Pollution. 

Science Code :  91105 
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ÖZET 

 

Yüksek Lisans Tezi 

 

TRİPOLİ TOPRAĞININ SU İÇERİĞİ VE YOĞUNLUĞU DEĞİŞKEN 

KİREÇ EKLENEREK ISI İLETKENLİĞİNİN BELİRLENMESİ 

 

Ali Mohamed K. HANDAR 

 

Karabük Üniversitesi 

Lisansüstü Eğitim Enstitüsü 

İnşaat Mühendisliği Anabilim Dalı 

 

Tez Danışmanı: 

Doç.Dr. İnan KESKİN 

Ekim 2021, 107 sayfa 

 

Nüfus artışı, su, gıda ve enerji gibi yaşamın temel gereksinimlerine olan talebin 

artmasına neden olmaktadır. Bu temel gereksinimler, özellikle enerji üretimi olmak 

üzere çevre üzerinde yoğun bir etkiye oluşturmaktadır. Enerji talebinin artması ve 

küresel ısınma, araştırmacıları hem enerji talebini karşılamak hem de çevre dostu 

olabilecek yenilenebilir ve sürdürülebilir yeni enerji kaynakları keşfetmeye 

yönlendirmektedir. Jeotermal ve Termal yer enerjisi, iyi sonuçları nedeniyle 

araştırmacıların dikkatini çeken enerji üretme yöntemlerinden biridir. Bu çalışma ile 

jeotermal enerjiden yararlanma kabiliyetini değerlendirmek için Libya'daki Trablus 

zeminlerinin termal iletkenliğinin farklı koşullarda incelenmesi amaçlanmıştır. 

Çalışma kapsamında zeminlerin ısıl iletkenliği laboratuvar kararlı durum yöntemi 

kullanılarak farklı özelliklere sahip üç seri numune ile test edilmiştir. Bu seriler, her 

numunede farklı su içeriğine sahip zemin numunesi (W serisi), %10 su içeriğine sahip 

kireç ilaveli zemin numunesi (L Serisi) ve %10 su içeriğine ve farklı yoğunluklara 
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sahip zemin numunesi (D Serisi) dir. Çalışma kapsamında elde edilen sonuçlar 

zeminin ısıl iletkenliği ile ilgili en iyi sonuçların sıralamasının W serisi, D serisi ve L 

serisi şeklinde olduğunu göstermiştir. Ayrıca maksimum termal iletkenliğin 3,41 

W/m.℃ ile W serisinde WTS20 partisinde olduğu gözlenmiştir. 

 

Anahtar Kelimeler  : Jeotermal Enerji, Termal İletkenlik, Trablus Toprağı, Kireç,    

Su İçeriği, Yoğunluk, Laboratuvar Kararlı-Durum Metodu, 

Çevre Kirliliği. 

Bilim Kodu :   91105 
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PART 1 

 

INTRODUCTION 

 

1.1. GENERAL 

 

Day by day, the total population is increasing, and it is projected to reach 9.0 billion 

by 2050 [1]. This growth in the total population is one of the causes of increasing the 

demand on the primary requirement of life like water, food, and energy. Massive 

environmental damage can be caused by the conventional methods to produce energy 

for different uses in life. Due to this, the energy supply systems can be considered one 

of the biggest challenges facing humankind. This challenge is increasing day by day 

with the increase of the world population. Fossil fuels used to face the energy demand 

can be directly related to the Green House Gases (GHG) increases in the atmosphere. 

When the removal processes of these gases are lesser than emissions, the 

concentrations of the GHGs in the atmosphere is increased. One of the gases produced 

during the production of energy and can increase global warming is Carbon Dioxide 

(CO2). The annual emission of CO2 is increasing significantly during the last few 

decades, leading to speed up global warming. Scientists reported that the warming of 

this planet is already started. They estimated that the Earth's temperature would rise 

about 2.5 °C by the year 2100 [2]. Thus, the awareness about the increase of global 

warming and increasing the demand for energy leads the researchers to explore new 

renewable and sustainable energy resources to cover the energy demand and be more 

friendly with the environment. Geothermal and Thermal Geology energy is one of the 

methods to produce energy that took the researchers' attention due to its good results 

in general. Geothermal power is considered a natural energy in which the heat of the 

ground is its source. This energy can be gained via boiling wells or boreholes to a 

greater depth so that heating or electric power can take use of the stems or hot water 

at very high temperatures.
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However, this sort of energy source cannot be far-reaching. However, it is not possible 

to get this type of energy source far and wide. Due to this, the use of this energy is 

limited. On the other hand, Thermogeology energy and technology are readily 

available the world over. Thermogeology can be derived from the heat stored in the 

ground surface gained from the ground, groundwater, rivers, and streams tapped from 

the solar system and from the conductive flow of heat from the deep hotter zones to 

the cooler zones in the surface. Ground energy and heat systems may provide cooling 

and heating for different structures and a heat sink source in Summer and in Winter. 

But the efficiency of the ground in order to supply this energy should be taken into 

account, because this energy is supplied. All temperature characteristics determine the 

layers of soil. Moreover, in some civil and electrical engineers' projects for safe and 

proper execution, the soils' thermal properties determination is quite essential. Projects 

like pipelines for oil and gas, disposal in deep underground dumping places or 

repositories of high-voltage high-level radioactive waste, lay and bury power cables 

and soil modifications techniques required to determine the thermal characteristics of 

the soil before these projects are executed. The factors describing heat flow through 

the soil and the soil heat absorption capacity are in each case evaluated thermal 

diffusivity, heat capacity and thermal conductivity. The soil thermal conductivity is 

believed to play a substantial influence in regulating the heat transport through the soil 

under all thermal soil characteristics. Thermal conductivity is recognized as the most 

variable value and hardest to correctly measure in all the thermal soil properties [3]. 

 

The thermal conductance is the amount of heat transmitted in a single unit across the 

quantity of unit area. This transfer takes place under the influence of the temperature 

gradient unit. W/m is the thermal conductivity SI unit. [4]. Due to heat transfer fields 

and thermal conductivity relation, soil's thermal characteristics are widely different 

from other transfer fields. In air and water the molecular thermal conductivity is less 

than in solids and soils. The functure of thermal conductivity of soils is believed to 

include parameters such as the form of particles, mineralogy, dry density, particle 

volume, temperature, volumetric soil content and water content. The thermal 

conductivity is therefore related to the physical characteristics which will lead to 

change in the soil status if thermal conductivity changes. The measurement of soil 

thermal conductivity techniques has great difficulties because of the complex character 
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of the soil. For example, the soil's water is impacted by temperature change, and its 

thermal conductivity depends on the soil's humidity level. However, as the temperature 

changes, the water content might also fluctuate [5].   

 

Several academics have recently been trying to measure in different terms the heat 

conductivity of various soil types. In-house or utilizing laboratory procedures are 

employed two types of methodology to test thermal conductivity. Thermal Response 

Test (TRT) is the most frequent in situ test for regulating subterranean thermal 

conditions. This test was developed in 1995 in Sweden and America, and now this test 

is used in many countries all over the world [6]. However, TRT is a costly test that 

takes time, which only offers the average value of the soil heat conductivity together 

with its heat exchanger. It also has numerous drawbacks. Contrary to laboratory 

technology, two general methods are split. The first is the state of continuity. This 

technique measures the thermal conductivity of soil access thermal flux up to a certain 

level and the temperature of the soil specimen is constant at each point. The second 

lab process consists of state-specific procedures. The thermal conductivity is measured 

by the transient state using this approach [7]. 

 

Between the two laboratory procedures, stable methods are easier and faster than stable 

methods. But the procedures of instable states are not exact as the methods of steady 

state. Many researchers have explored these approaches and successfully controlled 

the thermal characteristics of many soil types. Low J.E et al. [8] for example carried 

out a comparison research on heat conductivity in soils comparing two methods. One 

is a steady-state thermal cell, and the second is a needle sample, which is a temporary 

technique. In an experimental investigation with the change in thermal conductivity 

for silty soil samples treated with limestone, Yejiao WANG et al. [9]. The impacts of 

organic matter, salt density concentration and soil conductivity wetness were 

investigated by Nidal Abu-Hamdeh et al. [10]. The thermal conductivity of sand and 

fine sand soils was assessed by Indra Hamdhan et al. [11]. The study has shown a 

difference in soil conductivity with organic matter, salt content, water content and soil 

texture. Soil conductivity is different. 
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Following a comprehensive study on soil thermal properties in Tripoli/Libya, thermal 

characteristics of the soil in Tripoli/Libya were not investigated yet. Tripoli has a 

moderate wet climate in Winter and a dry climate in Summer. Due to the measurement 

of thermal conductivity of the soil, it is therefore difficult to develop different sorts of 

projects in Tripoli. The goal of this study is to establish Tripoli soil's thermal 

conductivity. This research also intends to examine the effects of water content, 

density and addition of lime to the land on the thermal conductivity of Tripoli soil.  

 

1.2. THE AIM OF THE STUDY 

 

This thesis is concerned with an experimental investigation for determining Tripoli 

soil's thermal conductivity using laboratory techniques. This study aims to achieve the 

following goals: 

 

 To test Tripoli soil's thermal conductivity. 

 To examine the effect of altering the water content on the thermal conductivity 

of Tripoli soil. 

 To examine the impact of Tripoli soil with a varied density on heat conductivity. 

 To investigate the impact of adding lime to the soil on the thermal conductivity 

of Tripoli soil. 

 

1.3. THESIS ARRANGEMENT 

 

The remainder of the thesis contains several of the following chapters: 

 

Part 1 provides a general introduction about the topic of this study in addition to 

provide the goal of this study.   

Part 2 provides a background of the widely thermal conductivity testing methods used 

and previous investigations regarding this topic. 

Part 3 provides the experimental part of this study by describing the soil program of 

the city of Tripoli in Libya to discover the thermal conductivity of the soil. 

Part 4 presents and debate the findings of the study. 

Part 5 provides an overview about the conclusion reached by this study. 
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PART 2 

 

LITERATURE REVIEW 

 

2.1. THERMAL ENERGY, HEAT AND TEMPERATURE 

 

2.1.1. Thermal Energy 

 

One of the most crucial and universal concepts of sciences in general and physics in 

specific is energy. The basic unit of this essential concept is the joule. 1J = 1 N-m. = 1 

kg. m2.s–2. Thermal energy is a terminology that is used to represent the sum of the 

sensible and latent internal energy ingredients [2,4]. Sensible energy is described as 

the internal energy linked with atoms and molecules' kinetic energy within the system, 

where latent energy is related to the molecules' binding forces. 

 

2.1.2. Heat 

 

Heat is one of the forms of energy. Heat can be transferred between systems and 

objects with different temperatures degrees. When a cold body contacts a warm body, 

for instance, heat from the warmer to the cooler is transferred from. This transfer will 

continue until both of the body becomes at the same temperature. The loses of a 

quantity of thermal energy is ΔE, and the acquires quantity will be the same amount 

of thermal energy. It is possible to represent this transmission mechanism — heat 

joules are transported from the body at higher temperatures to the body at lower 

temperatures. Heat can, therefore, be described as the kind of energy which is 

transmitted between two different temperature systems [4]. 

 

2.1.3. Temperature 

 

Temperature can be described in many ways. Basically, it expresses hot and cold using 

the term temperature. The scientific definition of this term is that it measures the 
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average of translational kinetic energy associate with disorderly microscopic motion 

with molecules and atoms. This is scientifically defined by the average translational 

kinetic energy associated with the disordered microscopic movement of atoms and 

molecules. Thus, this system will have higher internal energy if the molecules possess 

higher kinetic energies. In other words, the temperature is a measure of how quickly 

the atoms and molecules of a matter are moving [4]. The irregular movement of the 

atoms and molecules is the major form of thermal energy. However, these molecules 

can also be subjected to other types of motion and movements, namely rotations and 

internal vibrations. These two forms of thermal energy do not contribute to changes in 

the temperature. This can explain why two matters with similar internal energy do not 

necessarily hold the same temperature. 

 

2.2. FORMS OF HEAT TRANSFER 

 

Because of a difference in temperatures heat can be transferred by passing from one 

object or material to another. However, heat transformation in soils is quite 

complicated. And this process can be in any of three forms [12]:  

 

1. Conduction. 

2. Convection. 

3. Radiation. 

 

2.2.1. Conduction 

 

The heat transfer is achieved by interacting two objects with different temperatures 

which result in the interaction of the surrounding elements transferring the internal 

thermal energy from the body at higher tempers to the body (electrons, molecules, 

atoms, ions, etc.). This process, fast-moving molecules bang the slow molecules, due 

to this the fastmoving molecules will slow down by the slow molecules. The surface 

will cool down if it was hot and it was cold, it will heat up. This process will continue 

until the two matters become with the same temperature. 
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The Fourier's heat conduction law summed them with the famous law. This rule states 

that the heat flow ratio (𝑑𝑄/𝑑𝑡) to solid or permeable matter can be exactly 

proportional to the section (A) area and to the heat flow gradient (𝑑𝑇/𝑑𝐿). In other 

words, the temperature gradient of the heat transfer rate per unit region is relative. [12]. 

As shown in Figure 2.1, the heat transfer rate can be expressed by Equation 1.1: 

 

𝑞

𝐴
∝

𝑑𝑡

𝑑𝑥
 

(2.1) 

 

Using a proportionality constant leads us to Equation 2.2: 

 

𝑞 = −𝑘𝐴
𝑑𝑇

𝑑𝑥
 

(2.2) 

 

Where q indicates the ratio of heat transmission, A is the cross-section of the section 

that is perpendicular toward the direction of the heat flow, and 𝑑𝑇/𝑑𝑥 signifies the 

temperature gradient. The k (constant proportionality) is termed the material thermal 

conductance and is measurable using the W/m.K unit. The minus sign in the equation 

assures that heat flows down to the lower temperature gradient. 

 

 
 

Figure 2.1. Unidirectional conduction heat transfer [13]. 

 

The heat does transfer in soils mainly by conduction [14]. Nevertheless, additional 

mechanisms could participate within heat transfer process measure. The soil 

conduction is the transmission process of thermal energy from particle to particle, or 
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through pore fluids, i.e., Conduction happens in any of the soil mass ingredients 

(solids, liquid, and gas). The rate of heat transmission in soils depends heavily on 

thermal properties, including the temperature gradient and the soil constituents' mass 

fraction. 

 

2.2.2. Convection 

 

The transmission of the inner energy within or outside of the item through the nearby 

movement of the fluid can be accomplished, sending the internal energy towards the 

forehead of their mass. Bulk energy transfer comes from the fluid movement, though 

by conduction, heat is originally transferred among the object and the fluid. 

Convection can occur through creating convection cells or being forced by impelling 

the fluid crosswise the matter or by the matter through the fluid. Convection can also 

occur within the processes that involve a change of phase of the fluid. This happens 

due to the fluid motion and movement produced during the process such as the growth 

of a vapour bubble during heating and boiling or liquid dropping during condensation 

[2]. The basic rate equation as convective heat transfer is described by Isaac Newton 

in 1701, and his description is Newton's Cooling Law. expressed as the Equation 2.3: 

 

𝑞 =  ℎ𝐴(𝑇 −  𝑇∞) (2.3) 

 

Where 𝑞 in the equation is the ratio of convective heat transfer in 𝑊, 𝐴 is the area 

normal into the path of heat flow in 𝑚2, 𝑇 represents the temperature of surface in 𝐾 

unit, 𝑇∞is the surrounding temperature in 𝐾, and ℎ means the convective heat-transfer 

coefficient in (𝑊/𝑚2.𝐾). 

 

The convection process can happen in saturated and partially saturated soils. The pore 

size and granular of soils are important in this process. Furthermore, convection 

becomes necessary in soils with granular characteristics due to their high permeability, 

and it is sufficient to enable groundwater to flow at a sufficient rate. In this scenario, 

the permeability and convection become too essential as the primary heat transmission 

characteristic. Through the buoyancy forces that occur from density variations 

generated by temperature variations practically in course dry soil. free or natural 
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convection can be induced. In contrast, forced convection takes place if, due to 

variations in pressure, air or water must flow within the rock or soil pores. The flow 

of groundwater is an instance of the forced convection in soil or rocks. Convection 

might cause the thermal conductivity of the soil mass to develop considerably (up to 

20 percent) [14]. 

 

2.2.3. Radiation 

 

Radiation is described as the heat energy transfer by electromagnetic spectrum and 

wave motion that occurs due to the body's temperature. The waves can move and travel 

through space and get absorbed by other atoms. The quantity of energy absorbed by a 

matter depends on the object’s absorptivity and the radiation's intensity striking the 

matter. Thermodynamic factors have been taken into account in explaining that the 

optimum radiator produces a ratio between the fourth absolute body power and its 

surface area directly [15]: 

 

𝑞𝑒𝑚𝑖𝑡𝑡𝑒𝑑 =  𝜎 . 𝐴 . 𝑇4 (2.4) 

                                                                                                                   

Where 𝑞 in the equation is the heat transfer rate in watts’ unit, 𝜎 is the Stefan-

Boltzmann constant 5.699×10-8 in 𝑊/𝑚2 𝐾4, A represents the surface area in 𝑚2 and 

𝑇 represents the temperature. In soils, at normal atmospheric temperature, radiation 

typically performs an insignificant contribution upon heat transfer. The whole impact 

of radiation on the heat transmission process as it is analysed is less than 1 percent 

[16]. when the particle size is over 20mm, its influence could reach 10% of total heat 

transfer [14]. Thus, the heat transferred by radiation could be only notable for dry and 

coarse crushed stone material. 

 

2.3. THERMAL PROPERTIES OF SOILS 

 

According to several prior research, the heat transmission is determined by the thermal 

characteristics of the soil. Properties include thermal cleanliness k, specific heat Cp 

capabilities and thermal diffusiveness α. Equation 2.5 could relate those three 

parameters: 



10 

 

α =
k

ρCp 
 (2.5) 

 

The third property may thus be determined by the knowledge of two of the thermal 

characteristics in conjunction with material density. The main factors for heat energy 

transmission through a particular material are the thermal conductivity and particular 

warmth. However, the volumetric heat capability or specific heat capacity is 

established to a fair extent depending on the fractions in the soil constitutions. The 

thermal conductivity is nevertheless difficult to accurately evaluate.  

 

2.3.1. Thermal Conductivity of Soils 

 

W/m.K is measured in thermal conductivity. A unit area may be defined in a unit time 

and under the unit temperature gradient [17] as the quantity of heat transferred. 

Thermal conductivity is connected to heat conduction in most heat transfer disciplines. 

Soils contained a complex in two or three phases, with holes capable of containing air, 

water or both organic and mineral crystals. Solids considered to be having a higher 

molecular thermal conductivity than air and water, and each component's thermal 

properties can vary considerably. The volumetric amount of soil components, particle 

shape, particle size, dry density, the water content and mineralogy are estimated in soil 

thermal conductivity using several factors. soil conductivity is computed [18]. As a 

result, the soil's thermal conductivity is closely related to its physical properties, 

meaning that any change in the soil condition will change its thermal conductivity. 

Both calculation methods for soil thermal conductivity have their own challenges and 

uncertainties due to the complexity of the soil's composition. For instance, water is a 

major component of soil impacted by climate change, and the thermal conductivity of 

the soil is significantly influenced by the moisture content that changes with the 

increasing temperature. 

 

2.3.2. Heat Capacity of Soils 

 

The heat capacity of the soil determines the amount of thermal energy needed to 

elevate the soil temperature by one degree [19]. This feature is provided as volumetric 
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volume thermal heat capacity (Cv) and the amount of heat needed to raise the volume 

of the unit by one degree. In contrast, it is expressed as specific heat (𝐶𝑝) when it is 

related to mass. The 𝑆𝐼 units of the explicit heat volume are 𝐽.𝑘𝑔−1.𝐾−1. The soil's heat 

potential is influenced by the amount of moisture and the composition of the soil. Soil 

solids have a lower heat potential than water. Wet soil consequently has far more heat 

than dry soils, therefore it takes longer to warm wet soil than dry soil. This is since the 

amount of energy required to increase water temperature (𝐶𝑣 = 4180 𝐽. 𝐾−1. 𝑚−1) 𝑏𝑦 

1𝑜𝐶 is more than that required for soil solids warming by 1𝑜𝐶. The large soil capacity 

enables the exchange of substantial energy without changing the temperature of the 

ground significantly. The special heat in soil has increased when the water content of 

the specified majority density is raised, was observed by Abu-Hamdeh [18]. He also 

showed that the soil's volumetric heat capacity computed by theoretical relations 

agreed closely with that measured by the calorimetric method. Where Ms, Mw, and 

Ma were the soil mass fractions, while Cs, Cw, and Ca were the solids' fundamental 

heat capacity (water, and air, respectively), with a total mass of M, the specific heat of 

this soil mass (Cp) could be calculated by Equation 2.6: 

 

𝐶𝑝 =
1

𝑀
(𝐶𝑠. 𝑀𝑠 + 𝐶𝑤. 𝑀𝑤 + 𝐶𝑎. 𝑀𝑎) 

(2.6) 

 

Experimentally, the actual heat could be determined by combining water and soil of 

varying temperatures and letting them cool to the same temperature. The mix 

temperature Tmix is measured using the soil temperature Ts of 0°C and a water 

temperature Tw 20°C. The water-soil mixture's energy balance can be written as 

Equation 2.7: 

 

(𝐶𝑠. 𝑇𝑠. 𝑀𝑠) + (𝐶𝑤. 𝑇𝑤. 𝑀𝑤) = (𝐶𝑠. 𝑀𝑠 + 𝐶𝑤. 𝑀𝑤) 𝑇𝑚𝑖𝑥 (2.7) 

 

Where,  

 

Ms and Mw: the masses of water and soil in (𝑘𝑔).  

Cs and Cw: the specific heats of water and soil in (𝐽/𝑘𝑔𝐾). 
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2.3.3. Thermal Diffusivity of Soils 

 

Thermal diffusivity (𝛼) can be defined as the material capacity to transfer the 

difference of temperature. Expressly, the calculation of the heat transfer propagation 

rate. Thermal diffusivity is evaluated in units of (m2s-1), and the product of special 

density and heat as given in Equation 2.8 divides thermal conductivity.: 

 

α =
k

ρCp 
 

(2.8) 

 

In contrast to their power to hold heat they perform heat fast, soil with high thermal 

diffusiveness changes its temperature quickly when exposed to temperature gradients. 

 

2.4. FACTORS INFLUENCING THERMAL PROPERTIES OF SOILS  

 

The thermal characteristics and thermal conductivity of soil include volumetric heat 

energy, thermal diffusivity and heat conservation in the soil. These features are 

governed by certain variables which may be divided into two classes: soil-intrinsic 

variables including grain-size distribution, mineralogy and structure, which can also 

be adjusted externally such as the temperature, water content and bulk density of the 

soil [20]. Thermal conductivity is the most valuable property. This has a huge 

influence on how much heat gets moved into the soil [5]. Mineral fragments, organic 

matter, and pores that may or may not contain water or air make up soil. The physical 

characteristics of the soil's constituents determine how effectively heat is transferred 

through it. 

 

2.4.1. Moisture Content 

 

The connection between soil water content and thermal conductivity has been highly 

interested [21,22]. These investigations have shown that the heat conductivity of the 

soil increases the water content. Two phases or three phases of soils can be classified. 

Given that air is significantly less than other materials' thermal conductivity, heat is 

only shown through contact sites between soil particles in dry surroundings. The water 
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contents expand and the pores fill, which creates water bridges between soil grain, are 

further water pools in the various touch sites. [23]. The water bridges increase the heat 

transfer from one grain to another. As the thermal conductivity of air is slightly less 

than the thermal conductivity of water (0.6 W/m.K for water vs. 0.025 W/m.K for air), 

enhanced water content in the soil enhances its thermal conductivity in bulk. The 

thermal conductivity increases steadily as the moisture content grows at first, but after 

a certain extent, the rate of increase decreases significantly [24]. The analytical 

relationships given by Kersten (1949) [25] were based on numerous tests, as thermal 

conductivity is linear to the water logarithm content, based on several studies. By 

understanding the water content and dry density of soils, he was able to derive two 

scientific equations for predicting their thermal conductivity. 

 

For unfrozen silt and clay soils consisting of 50 percent or more silt and clay, the first 

equation (Equation 2.9) is unfrozen sandy, 50% or more sludge and clay soils 

(Equation 2.10). 

 

𝑘 = 0.1442. (0.91𝑜𝑔𝑤 − 0.2)100.6243𝑝𝑑 𝐹𝑜𝑟    𝑤 ≥ 7% (2.9) 

  

𝑘 = 0.1442. (0.91𝑜𝑔𝑤 − 0.4)100.6243𝑝𝑑 𝐹𝑜𝑟   𝑤 ≥ 1% (2.10) 

 

Where,  

 

𝜌𝑑: is the dry density in 𝑔/𝑐𝑚3. 

 

The link between thermal efficiency and water content is called a linear connection, 

by Johansen [26]. The researchers have designed the Kersten number ke principle, 

which is based on the degree of saturation, to quantify the thermal conductivity of 

partially saturated earth. Consistent with Johansen's Eq (Equation 2.11), the soil's 

thermal conductivity in a partially saturated state can be measured using linear 

interpolation between dry and saturated thermal conductivities. 

 

𝑘 = (𝑘𝑠𝑎𝑡 − 𝑘𝑑𝑟𝑦). 𝑘𝑒 + 𝑘𝑑𝑟𝑦 (2.11) 
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Moisture migrates from hot to cold fields due to the thermal gradient generated by 

temperature differences. This occurrence appears in partly saturated soils and is caused 

by a variety of physical processes. Moisture movement, which happens in both liquid 

and vapor stages, allows thermal heat to be transported and temperature to be 

redistributed. In its completely combined research of air, heat and humidity in partly 

wet soil Thomas and Sansom [27] highlighted the importance of employing air step in 

soil thermal conductivity.   

 

2.4.2. Dry Density  

 

The thermal conductivity of soil is known for a long time to rise as its dry density is 

raised [28]. Soil density induces a change in the void ratio and porosity, leading to an 

effect on the soil's thermal conductivity. Water content addition in soil density enables 

the air volume in pore spaces to be replaced by higher thermal conductivity and 

increases the total thermal conductivity. In addition, soil particles are compressed and 

cumulated together, resulting in increased unit volume as the soil's dry density 

increases. This results in increased thermal conductivity and more heat flow pathways 

in the number of contact sites between solid particles. Many research on soil density 

and heat conductivity have been carried out. For example, the logarithm of dry density 

and thermal conductivity might be expressed in a linear manner, as seen in Kersten 

[25]. At different water contents, the linear relationship slope for a given soil is still 

roughly the same. Based on several experiments, he revealed the following equation 

(Equation 2.12):  

 

𝑘 = 𝐴. (10)𝐵.𝛾𝑑 (2.12) 

 

Where, 

 

A and B: the empirical parameters depend on the soil type. 
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2.4.3. Soil Constituents 

 

Soil is composed of solid particles, covered with air, water or both pore spaces. The 

thermal conduciveness of the soil is determined largely by the thermal characteristics 

of the soil's mass components and their volume portion. For example, sands with high 

quartz levels have a greater thermal conductivity than sands of high plagioclase 

feldspar and pyroxene due [25]. Table 2.1 shows that particular important soil 

components, as described in the Alrtimi [29] research, are heat conductive. The 

difference of mineral composition between sand and clay soils clearly explains why 

sandy soils are more thermally conductive than clay soils. The conductivity is 

improving and when liquids or cementers are present the thermal conductivity of the 

soil mass is strengthened. The impact of the composition of the soil may be noticed 

while the wet soil is freezing. Because the major heat transfer method changes at the 

freezing point, from convection in liquid to ice transmission, the conductivity of the 

soil is considerably different [25]. 

 

Table 2.1. Thermal conductivity for some of soil constituents [29]. 

 

 

 

Thermal conductivity  

(w/m.k) 

References 

Quartz 7.69 Horai (1971) 

Kaolinite 2.64 Brigaud and vasseur (1989) 

Illite 1.85 Brigaud and vasseur (1989) 

Water 0.6096 Ramires et al. (1995) 

Ice 2.22 @ 0 C Engineering toolbox (2008) 

Air 0.02619 Stephan and laesecke (1985) 

 

2.4.4. Soil Structure or Texture 

 

The soil structure is relevant because it defines the arrangement of solid primary and 

secondary particles in relation to one another, as well as their orientation in relation to 

the flowing heat direction. The thermal conductivity of fine-textured soil is lower than 

the coarse and angular textured ground. In addition, the heat conductivity of soils with 
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good grades is greater than that of soils with equal grades. This is due to the fact that 

in well-graded soils, the voids between the large grains are filled by the smaller grains, 

resulting in a rise in conductivity. The level of contact resistance and the continuity of 

the solid phase are controlled by the formation of particles and the existence of bonding 

agents that impact its thermal conductance. Furthermore, the quantity and kind of 

interactions between soil particles impact the heat conductivity. This is because most 

heat flows through these contact points or regions, especially in terms of dry or 

somewhat dry soils [14].  

 

The shape of the soil particles and the degree of compaction have a clear relationship 

with the number of these interactions. The clay soil parts are flat, platform shaped, 

with the flat surface having a negative charge and the corners having a positive charge. 

As a consequence, depending on whether positive or negative surface charges are in 

contact, attraction or repulsion forces create. Figure 2.2 shows the types of bond 

between plate-like clay particles. The hydration of clay soils (parallel or perpendicular) 

and the presence of water are dependent upon the orientation of the flat plates. 

 

 
 

Figure 2.2. Types of bond between plate-like clay particles. 

 

These forces can be influenced by compaction and the presence of absorbed water 

molecules. The influence of the structure of the soil matrix on heat and heat 

conductivity in geomaterials with two stages showed that the thermal conducting of 

more connected material is higher than that of the loosed particle material [26]. 

Furthermore, theoretical investigations revealed that as particle sphericity increases, 

particle packs' thermal conductivity decreases [30]. Clay or another binder can 

enhance the bonds between the sand solids. The thermal conductivity is considerably 

enhanced due to a better interaction between the particles. Although kaolinite has 

lower heat conductivity than quartz. Farouki [14] discovered that by adding a small 
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amount of clay, the thermal conductivity of cohesion-less granular material could be 

significantly increased. In this study, lime would be used. 

 

2.4.5. Article Size 

 

The distribution of grain size is associated with the density and porosity of any soil. 

This characteristic so affects heat conductivity directly. The distribution of the grain 

size of the soil mass is linked to the number of interactions between soil particles. 

Many researchers have acknowledged the importance of heat transmission in 

interaction with soil particles, for example [31]. They conclude that the most crucial 

aspect governing the whole conduction is touch transport on dry or almost dry ground. 

For the heat transmission in complete types and situations of soils, interfacial effects 

between soil (air, liquid and solid) are still vital [14]. Particle size also affects the 

thickness of water films around the soil particles. The precise surface area, which 

depends on the size and shape of particles (the surface area for each unit weight or 

volume, is the quantity of water that is necessary to form films of a certain thickness. 

Clay particles have a much higher specific surface area than sands, so a film of a given 

thickness requires more water [32]. Thermal conductivity of soils increases as grain 

size increases, according to research. Tavman [33] states that this characteristic results 

in more particle absorption, which results in higher heat resistance between the 

particles, as the size of the grain declines. The outcome is more grain. The similar 

finding was reached when Nusier and Abu-Hamdeh [5] found that loam soil at large 

densities had a reduction in thermal conductivity than the sandy soil. 

 

2.4.6. Temperature 

 

Every ingredient has different thermal characteristics and can alter the thermal 

conductivity of the soil depending on temperature. If the majority of crystalline 

minerals in soils are evaluated as a solid phase material, then the temperature is 

decreasing and thermal conductivity is increased [34]. Heat is supposed to flow 

through compressed and longitudinal waves through crystalline materials which, as 

the temperature rises, become less talkative. On the other hand, gas and water thermal 

conductivity grows with increasing temperature [35]. Collisions in both fluids and gas 
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between the molecules transmit heat. Any increase in molecular crashes induced by an 

increase in temperature hence permits an increase in thermal conductivity. The soil 

thermal conductivity temperature dependence has been investigated, for example, 

extensively [36,37]. The thermal conductivity of soils was shown to increase as the 

temperature increased. The increase also depends heavily on the soil water content. 

The heat conduction of dry sand rises when temperature drops, and vice versa, 

according to Brandon and Mitchill [34]. This effect has also been seen when the 

thermal conductivity of sand from Toyoura is roughly dry [38]. In most engineering 

applications, the temperature dependence of soils' thermal conductivity at 

temperatures above 0°C can be overlooked without a significant mistake [36]. The 

similar finding was reached by Hamuda [39] that the increase by 1.6 percent in the wet 

sand specimens' average temperatures from 25.49 °C to 38.92 °C increases thermal 

conductivity. 

 

2.5. FIELD THERMAL CONDUCTIVITY MEASUREMENTS 

 

TRT is the main method used for measuring in situ soil thermal conductivity. It was 

initially created in the United States and Sweden in 1995 and utilized in various regions 

of the world [40]. This test is an effective way of determining the thermal 

characteristics of the soil. This test may be carried out by inducing the heat exchanger 

with a set heat load, which records accurate capacity of the intake and exit of the 

circulating fluid. TRT can only offer a medium thermal conductivity value and a heat 

exchanger well, and this test usually takes 50 hours. In accordance with the line-source 

theory, the analysis of data depends. The approach uses the analysis solution to react 

in an unending, isotropic and homogenous medium to an endless constant-strength line 

source. At constant lateral heat flow, the w temperature field only depends on time 𝑡 

and radial distance from the borehole 𝑟. Garslaw and Jaeger [41] introduced the 

temperature field as the equation below Equation (2.13): 

 

𝑇(𝑟,𝑡) = 𝑇𝑖 +

𝑄
𝐻⁄

4𝜋𝑘
∫

𝑒−𝑢

𝑢

∞

𝑟2

4𝛼𝑡

𝑑𝑢 ≅ 𝑇𝑖 +

𝑄
𝐻⁄

4𝜋𝑘
[𝑙𝑛(

4𝛼𝑡

𝑟2
) − 𝛾] 

(2.13) 
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Where,  

 

𝑇𝑖: the initial undisturbed ground temperature. 

𝛼: the thermal diffusivity and its equal to 𝑘𝜌𝑐. 

𝑄: the constant heat injection. 

𝐻: the length of the borehole. 

𝛾: the Euler’s constant and its equal to 0.577.4 

 

This method's error is approximately ±10%, and this error is acceptable for a 

reasonable prediction for theriogenology heat yield [42]. In several research this 

approach was explored extensively. The tests, test results, analytical models, 

numerical models and case studies in various nations were conducted to define the test 

method [43,44]. The TRT main disadvantages is a long time required to perform the 

test and the high cost. 

 

2.6.  LABORATORY THERMAL CONDUCTIVITY MEASUREMENTS 

 

For the calculation of thermal conductivity, stable and transient static techniques are 

utilized. In both these procedures, a range of experimental techniques are utilized. 

 

2.6.1. Steady State Experimental Techniques 

 

When the heat flow in the soil is approaching a constant level and the temperature of 

the soil specimen at each site is stable over time, thermal conductivity may be 

calculated by using stable-state methods. For stable-state methods, it is desirable to 

establish a temperature differential between the sides of the soil specimen [14]. The 

temperature downturn across the specimen and the heat flow is the only thing 

necessary to determine the thermal conductivity [45]. The key disadvantage of 

stabilization is the amount of time needed to reach the steady-state conditions, 

resulting in humidity migrating from hot to cold regions. 

 

The soils thermal conductivity is estimated by two methods based on the steady-state 

condition (steady flux methods): The hot plate techniques, heat flow meter apparatus, 
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and comparative method are all part of the steady-state linear heat flow approach. The 

steady-state radial heat flow approach, which involves the cylindrical and spherical 

concentric systems, is the second. The direction of heat flux defines this classification. 

Total and comparable approaches can be used to identify steady flux techniques. 

Examples of the previous include the protected hot plate system and the methodology 

of the heat flow meter. In this scenario, calculations of the input power are utilized to 

calculate the power directly via the probe. The above is a protected technique for 

relative longitudinal heat flow, which uses the specimen to be studied in a sequence of 

thermal conductance references [37]. These two categories are based on applying 

Fourier's law to one-dimensional heat transport. In all cases the temperature drops 

through the specimen and the thermal flow is necessary [45]. 

 

2.6.2. Hot Plate Methods 

 

The method for measuring the thermal conductivity of insulating materials has been in 

existence since 1898 in a variety of ways [46]. In these procedures, the specimen is 

sandwiched between two smooth warm and cold plates. Due to the temperature 

difference, a thermal gradient is created through the samples. The heat flow is the total 

of the heat input. The power input and cross-sectional area of the specimen are used to 

measure how much energy the specimen receives. The unidirectional heat transfer law 

of Fourier allows the use of temperature decrease, heat flow and specimen volume to 

estimate thermal conductivity. Accurate thermal flux measurement by the specimen 

depends entirely on the measurement of thermal conductivity as described above. 

Different devices have been created to measure soil thermal conduction, and each 

technique depends on the correct design of the equipment, in particular the degree to 

which all boundary conditions are measured. 

 

2.6.3. Guarded Hot Plate (Ghp) 

 

This technique is recognized for evaluating the thermal conductivity of the insulating 

materials and is considered to be the most trustworthy one. The method has been 

utilized as a standard measure by many organizations, including ASTM C177, ISO 

8302, BS 874, and DIN 612 [46]. This method operates on the theory of producing a 
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known unidirectional heat flux through an infinitely large specimen bounded by 

parallel planes. The heat flux is created by a heater plate, which comprises a center 

plate ringed by the ring guard heater plate with a small air gap. The purpose of the 

measuring heater is to apply the heat flow to maintain the desired temperature gradient 

through the surface of the specimen. The guarded heater proposes to minimize radial 

heat losses from the metering segment by maintaining a temperature similar to that of 

the metering field. On the other side of the specimen, a cold plate with a temperature 

lower than the hot plate is used as a heat sink. Figure 2.3 shows that main features of 

the guarded hot plate apparatus. 

 

 
 

Figure 2.3. Principle characteristics of GHP apparatus [47]. 

 

Utilizing the Fourier's heat transmission equation, the efficient thermal conductance 

(k) is determined by using Equation 2.14 for one-dimensional thermal flows in 

stationary conditions: 

 

𝑘 = 𝑞 𝐿 𝐴⁄ ∆𝑇 (2.14) 

 

Where, 
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𝑞: the rate of heat transfer. 

Δ𝑇: the temperature drops. 

𝐿: the specimen thickness. 

𝐴: the cross – sectional area. 

 

More advancements have recently been made to this technique. Despite the fact that 

these innovations are based on the same principle, there are several major variations. 

These improvements are related to the apparatus's size or scale; as thicker insulation 

has become more prevalent in tandem with instrumentation developments. 

Additionally, by adding external guards, radial heat losses have been limited. 

Furthermore, the influence of computer technology for data processing and acquisition 

has been important [46]. GHP is the most reliable and accurate approach used to 

determine thermal conductivity of isolating materials between absolute methods [48]. 

The major downside of this technique is the time it takes to reach a stable condition, 

which applies especially to materials with low heat conductivity. Furthermore, the 

transmission of heat across the gap through the exemplars resulting from the erroneous 

balancing state may be required, especially for materials with high thermal 

conductivity (more than 0.75 (W/m.K)).Furthermore, the procedure is only applicable 

to large collections [49]. 

 

2.6.4. Unguarded Hot Plate Method 

 

This method for determining insulating homogeneous solid materials' thermal 

conductivity is defined in British Standard BS 874 -2-2 [50]. Since a reference material 

with established thermal conductivity is needed to calibrate the apparatus, the method 

is not considered absolute. The plates should be designed to the exact dimensions as 

the guarded hot plate to allow calibration by sharing specimens with the guarded hot 

plate. This approach is only valid for conductivity values of 0.15 (W/m.K ) to 2.0 

(W/m.K ) according to BS guidelines, which would not encompass the full spectrum 

of soil thermal conductivities. 
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2.6.5. Heat Flow Meter Apparatus 

 

Since the calculations are based on reference samples' thermal conductivity, the heat 

flow meter approach is an indirect technique. It was standardized by ASTM C 518 [51] 

and is usually used to estimate the thermal conductivity of insulating materials. This 

approach may also be categorized as a comparative, as the apparatus is calibrated using 

specimens with proven thermal transmission properties. Single or double specimen 

setups with single or double heat flux transducers sandwiched between hot and cold 

plates can be used in most situations. The configurations of the two forms of heat flow 

meter equipment are shown in Figure 2.4. The apparatus's testing should be performed 

with reference materials that have similar thermal conductivities and dimensions to the 

specimen being examined. Fourier's one-dimension thermal transfer law is applied for 

the calibration factor acquired with reference materials to estimate the thermal 

conductivity of the specimen after thermoflood through the exemplar is measured by 

heat flow transduc tons. According to Hostler et al. [52], this approach works well for 

low thermal conductivity. However, it is clear that calibrating the flow meter apparatus 

for all soil thermal conductivities using reference specimens is problematic for soil 

measurements. 

 

 
 

Figure 2.4. Configuration of two types of heat meter apparatus [53]. 
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2.6.6. Guarded Comparative – Longitudinal Heat Flow Technique 

 

Two equal specimens of standard material with thermal conductivity as described by 

ASTM E 1225 [54] are clamped into one test specimen. In a one-dimensional heat 

flow, the power per unit area is equivalent in any cross-sectional area with the column. 

A temperature gradient is established in the test stack and the temperature decrease is 

determined for each of the three specimens. Parallelly, heat losses are decreased by 

utilizing a longitudinal guard with a temperature differential close to that of the 

measuring column and isolated from it by adequate insulation. A different design is to 

position a heater disk in the column's center, between the specimen, meter bar, and 

heat sink on either side. One-half of the power will be passed into each specimen in 

this situation. Various metals can be used as reference material, but due to significant 

variations in thermocouple readings, more precise calculations can be done with 

comparatively low thermal [45]. It is also worth noting that the reference specimens 

should have a thermal conductivity that's as near as possible to the measured 

specimen's predicted thermal conductivity [54]. 

 

2.6.7. Concentric Cylinder Method 

 

At the turn of the century, this approach has been used. This methodology consists of 

a constant thermal flow of the specimen through the radial direction instead of the 

linear direction of the hot plate method. When hot, the apparatus consists 

predominantly of an inner cylinder that serves as a line heat source and an outer cooling 

cylinder that serves as a drain. The apparatus diagram presented in the study of Yüksel 

is illustrated in Figure 2.5 [55]. 
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Figure 2.5. Schematic of concentric cylinder method [55]. 

 

The sample is positioned in the middle, which results in a radial thermal gradient by 

virtue of the temperature differential between the two cylinders. In comparison to the 

radius, the device is designed to reduce axial heat losses through edge supports of the 

cylinders. In order to estimate the thermal conductivity of the specimen after a device 

enters a permanent condition, Fourier's one-dimensional radial heat flow law should 

be utilized. This can be measured using the input power, the specimen's length and 

radius, and the temperature differential between the specimen's inner and outer faces 

in the radial direction. This approach can be used in both hot and cold environments 

[14]. The technique is also suitable for powdered or granular materials. The heat 

conductivity of glass microsphers and aerogel perls was measured at temperatures 

below 180 K and 80 K [56]. 

 

2.6.8. Concentric Spheres Method 

 

The heat losses associated with the guarded hot plate and concentric cylinder methods 

are eliminated using this process. The heat source is situated at the centre of a spherical 

specimen, and all flow is directed through the control volume. In order to estimate soil 

specimens' thermal conductivity, Fourier's one-dimensional radial flow law may be 

used to the knowledge of internal and outside radius of the specimen and reduction in 

the temperature. This method can technically be considered the most accurate, 
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particularly for powder and granular materials. However, spheres are costly and time-

consuming to produce [39]. 

 

2.6.9. Transient State Methods 

 

The thermal conductivity is measured using unsteady-state methods (transient 

methods) during the transient state. A line heat source and a temperature sensor are 

used in these processes. They use the fact that thermal conductivity results from the 

heat dissipation rate in the surrounding soil. A theoretical solution of conductor heat 

flux from the heat source line must be used for the thermal conductivity of the soil 

sample. These strategies are more versatile than static procedures, as they are easy to 

apply and require only a short time to calculate. They can directly assess thermal 

diffusivity, although they are not as precise as steady-state approaches [57]. The most 

popular transitory techniques are hot wiring, thermal needle (single sample) and dual 

sample approaches. Probe techniques, on the other hand, are more general. For more 

than 50 years, the probe approach has been used.  

 

2.6.10. Transient Hot Wire Method 

 

During this technique, a thin straight wire is inserted into the center of a soil sample in 

a steel container. The soil sample acts as a semi-infinite homogeneous isotropic 

medium, with the wire serving as a heat source. Since the wire has reached 

equilibrium, a steady current is applied to it. Thermocouples are used to measure the 

radial temperature difference in the soil. Temperature increase recorded at different 

diameters from the warming wire and the input power are estimated using thermal 

conductivity as equation 2.15: 

 

𝐾 =
𝑞

4𝜋(𝑇2 − 𝑇1)
𝑙𝑛(

𝑡2

𝑡1
) 

(2.15) 

 

Where,  

 

q: represents power per unit length. 
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T1: represents time t1 temperature. 

T2: represents time t2 temperature. 

 

2.6.11. Thermal Needle Method (Single Probe) 

 

One of the quickest and easiest techniques of evaluating the thermal characteristics of 

the soil is the thermal needle procedure. Hooper and Lepper utilized this technique to 

evaluate the soil's thermal conductivity. The thermal probes are identified and two 

benefits are indicated by employing a secured heating platform [58]. The thermal 

needle ensures less moisture migration and the process is used to analyse non-disrupted 

field samples. It also offers some advantages for direct measuring of thermal resistance 

from the data without knowing the heat capacity of the surface. The main downsides 

of this technique, on the other hand, are that a small change in the current delivered 

via the test will result in a substantial inaccuracy, with a major influence on interaction 

resistance with the medium [59]. The heat needle system hinges on the idea of an 

isotropic semi-infinite media around a line of heat supply. The rate of rise of the sensor 

is determined by the thermal conductivity of the attached material. The temperature 

increase of the sensor should be linear, if plotted against the time log, if the constant 

current is supplied in the thermal needle. The thermal conductivity is calculated using 

Equation 2.16. 

 

k =  
q

4π(T2−T1)
 𝑙𝑛 (

𝑡2

t1
 ) (2.16) 

                                                                             

Where, 

 

𝑞: represents power per unit length.  

𝑇1: represents time t1 temperature. 

𝑇2: represents time t2 temperature. 
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2.7. PREVIOUS STUDIES REGARDING THE THERMAL CONDUCTIVITY 

OF THE SOIL 

 

The widespread assessment of the sand models of thermal conductivity was done by 

Jiaming Wang et al. [60]. In addition, different sand types from dry to saturated may 

be evaluated by the performances of these thermal conductivity models with a broad 

dataset. They collect a large dataset by collecting through personal communications or 

by digitalizing literature data. 14 models were designed to predict the thermal 

conductivity of sands, and the models were evaluated using a huge collection of 1025 

measures from 62 sand samples of 20 investigations. Comparing the 14 models, they 

aimed to find the best estimation of the thermal conductivity. After the analysis, they 

found 2 out of 14 models can be used for the estimation work. These two models are 

used to evaluate the thermal conductivity of the sand properly. 

 

Yejiao WANG et al. [9] carried out a practical research to investigate changes in 

thermal conductivity of lime-treated silty soil samples. The soil samples prepared were 

optimum 2% dry (17%) and wet (22%) compressed and lime-dry. And at different 

curing periods, they have measured the thermal conductivity of soil samples, complete 

suction and the distribution of pores. The study results indicated that the thermal 

conductivity of the soil throughout curative period depends on the moulding water 

content of the soil. With a decreasing time for the dry compact samples, the thermal 

conductivity marginally rises. For the compacted samples, the impact of time curing 

on the thermal conductivity is insignificant. 

 

Somenath Mondal et al. [61] investigated and described the conventional method and 

the thermal flux measurement method. By utilizing thermal flux dimensions, they 

calculate the thermal conductivity of soils and compare it with the conceptual 

technique. The soil investigated in this research is the sands in their dry form. The 

investigation demonstrated that the traditional approach to heat is homogeneous and 

unreasonable, which passes through the full bulk. The thermal flux measuring 

technique allows the difference in flux intensity to be measured together at multiple 

parts and multiplied uncovered temperature increases. They conclude that the thermal 

conductivity calculation could simply be illustrated by measuring thermal flow, as it 
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consists of factors which can be directed. They also noted that it is very encouraging 

to justify thermal conductivity values based on the measurement method of thermal 

flow compared to those obtained from the conventional method. 

 

The transient methods employed by Nusier and Abu-Hamdeh [5] were to study thermal 

conductivity of two soils based on bulk density. Sand and loam were divided into two 

groups. They found that the two soils enhanced the thermal conductivity of the bulk 

density. 

 

 Singh and Devid [24] suggested several analytical equations for estimating soils' 

thermal resistivity in dry and moist environments (resistivity is the inverse of 

conductivity). The absolute discrepancy between the thermal conductivity values of 

the suggested equations and test results utilizing the transient needle method was less 

than 15 to 20%. They also discovered that the predicted and experimental results were 

quite comparable when study on dry soils was conducted.  

 

The impact of density, moisture, salt and organic matter on soil conductivity was 

investigated by Nidal H. Abu-Hamdeh et al. [10]. The heat conductivity of the soles 

was determined utilizing the single sample approach during their experimental study. 

The soil conductivity was discovered to change with the organic content, salt 

concentration, water content and soil texture. Increased volume density with a 

particular humidity level, increased therapeutic conductivity and increased moisture 

content with a specific large mass density amplified thermal conductivity were also 

found. 

 

We can notice that all the mentioned studies have been implemented out of Libya and 

no of them were implemented in Libya and specifically in Tripoli. Jiaming Wang et 

al. [60] have assessed the sand model of thermal conductivity. They used 14 models 

of sand to test the thermal conductivity and it is shown that only 2 of them can be used 

to estimate the work. While Yejiao WANG et al. [9] studied the changes in thermal 

conductivity of lime-treated silty soil samples. The study found that the thermal 

conductivity of soil throughout curative periods depends on the moulding water 

content of soil. The study used time period and it is shown that decreasing the time for 
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the dry compact samples, the thermal conductivity marginally rises. In our study, we 

have not used a time period and the period was stable with 24 hours. Also, they used 

the silty soil in the study and our study used sandy soil. Somenath Mondal et al. [61] 

studied the thermal flux measurement method by the use of thermal flux dimensions. 

They used the thermal conductivity of soil and compare it with the conceptual 

technique. They conclude that the thermal conductivity can simply be illustrated by 

measuring thermal flow. They also noted that it is very encouraging to justify thermal 

conductivity values based on the measurement method of thermal flow compared to 

those obtained from the conventional method. We have not used the conventional 

method to measure the thermal conductivity but instead steady state method has been 

used. Nusier and Abu-Hamdeh [5] studied the thermal conductivity of two soils based 

on bulk density. It is found that two soils enhanced the thermal conductivity of the 

bulk density. The study differs than our study where we have used one type of soil 

which is the sandy soil. Singh and Devid [24] suggested various analytical equations 

to estimate the thermal resistivity of soil in dry and moist environment. It is shown that 

thermal conductivity values equations and test results use the transient needle method 

less than 15 to 20%. In addition, it is shown that the results were quite comparable 

when study on dry soils. The researchers used the transient needle method while we 

used the steady state method and the thermal conductivity values were between 10 to 

20%. 

 

 Nidal Abu Hamda and others. [10] The one-sample approach was used to study the 

effect of density, moisture, salt, and organic matter on soil conductivity. It is proven 

that increasing the volume of the density with a certain moisture level, increases the 

therapeutic conductivity. So, the results of our study found that increasing the density 

and water content will increase the thermal conductivity 
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PART 3 

 

EXPERIMENTAL PROGRAM 

 

3.1. MATERIAL 

 

3.1.1. Tripoli Soil 

 

In order to test the thermal conductivity of such soil, the Soil Sample has been 

extracted from Tripoli, Libya. The sample was taken exactly from the University of 

Tripoli campus, and it was obtained from one location to eliminate variations in its 

properties, and the whole experimental program was performed at the same university. 

The sample was taken from 1m depth. And after taking the sample, sieve analysis was 

performed to classify the soil type. And the specific gravity of the sample was tested.  

Figure 3.1 shows the soil extraction from the University of Tripoli campus. 

 

 
 

Figure 3.1. Soil extraction from the University of Tripoli campus.
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Sieve test findings indicated that the sand of the soil is poorly graded, with a specific 

soil gravity of 2,658, with a uniformity coefficient of 1.58474 and gradation coefficient 

of 0.88674. Table 3.1 shows the sieve analysis test results and Figure 3-2 illustrates 

the Tripoli soil sample particle diameter.  

 

Table 3.1. The sieve analysis test results. 

 
SIEVE ANALYSIS 

Sieve 

NO 

Sieve 

opening 

(mm) 

Weight 

of the 

sieve is 

empty 

Weight 

of the 

sieve is 

full 

Soil Mass 

Retained(g) 

Cumulative 

Mass 

Retained 

(g) 

Percent 

Retained 

(%) 

Percent 

Finer 

(%) 

4 4.750 591.60 591.60 0 0 0 100 

10 2.0 540.20 540.30 0.1 0.1 0.01999 99.98 

20 0.850 432.40 438.00 5.6 5.7 1.13932 98.86 

40 0.425 461.00 472.00 11 16.7 3.33800 96.66 

60 0.250 438.70 467.20 28.5 45.2 9.03458 90.97 

100 0.150 427.60 485.70 58.1 103.3 20.64761 79.35 

200 0.075 423.70 776.10 352.4 455.7 91.08535 8.91 

Pan   383.00 427.60 44.6 500.3 100 0 

Total soil mass retained  500.3       

effective size D10 = 0.08014 mm     

        D30 = 0.095 mm     

        D60 = 0.127 mm     

Cu=D60/D10     
Cu 

=1.58474 < 6 → poorly graded soil 

Cc=D302/(D60*D10)   
Cc 

=0.88674 don׳t locate between 1.3 
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Figure 3.2. Tripoli soil sample particle diameter. 

 

3.1.2. Lime 

 

In this investigation, powdered lime (Calcium hydroxide (Ca(OH)2)), with high 

reactivity (min.90% Ca(OH)2), leaving a maximum of 5% residue above 90 microns 

with a density of about 1.5g/cm3 was used. The lime has been used in this study 

because it may give good results in thermal conductivity. Also, this material is widely 

available and chip in Libya. Figure 3.3 show the powdered lime used in this study. 

 

 
 

Figure 3.3. Powdered lime. 
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3.2. TESTS AND EQUIPMENT 

 

3.2.1. Sieve Analysis 

 

After taking a sample from 1 m depth from the University of Tripoli campus, sieve 

analysis test was performed according to BS 1377. The sample was dried for one day 

using an oven after that the test was performed. The tests equipment is including oven 

(Figure 3.4), sieves with different opining diameters, receiving pan, balance, and 

shaking machine. Figure 3.5 shows a sieve while is weighted. 

 

 
 

Figure 3.4. Samples inside the oven. 

 

 
 

Figure 3.5. Sieve while is weighted. 
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The test starts with cleaning the sieves using to extract any stuck particles and weight 

each sieve and the receiving pan. Then the sieves were arranged as the maximum 

opening dimeter (4.750 mm) was at the top and the minimum (0.075 mm) was at the 

bottom. After that, the shaking machine worked for 10-15 min to classify the soil. And 

then the sieves were removed again and weighted with the soil at each sieve and the 

settled at the pan. Figure 3.6 shows all the sieves and the receiving pan above the 

shaker machine. 

 

 
 

Figure 3.6. Sieves and the receiving pan above the shaker machine. 

 

The percent of soil retained on the nth was calculated as Equation 3.1: 

 

𝑅𝑛 =
 𝑊𝑛

𝑊  
× 100 

(3.1) 

                                                                                                          

Where, Rn = soil retained, Wn = mass retained, and W = total mass. Equation 3.2 

estimated the cumulative percentage of dirt held on the nth sieve. 
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= ∑ 𝑅𝑛

𝑛=𝑖

𝑖=1

 (3.2) 

                                                                              

The cumulative percent passing through the nth sieve was calculated as Equation 3.3: 

 

= 100 − ∑ 𝑅𝑛

𝑛=𝑖

𝑖=1

 (3.3) 

                                                                                           

The uniformity coefficient (Cu) and the coefficient of gradations (Cc) were computed 

under Equation 3.4 and Equation 3.5, after providing the diameters corresponding to a 

percent finer of 10 percent (D10), 30 percent (D30) and 60 percent (D60). 

 

𝐶𝑢 =
𝐷60

𝐷10
 (3.4) 

  

𝐶𝑐 =
𝐷30

2

𝐷10 × 𝐷60
 (3.5) 

                                                      

3.2.2. Specific Gravity 

 

The specific gravity of Tripoli soil in this study was determined according to the 

ASTM D 854 specifications. The test was made on three samples then the average of 

the specific gravity of the three samples was taken for more accurate results.  The 

equipment used to calculate the specific gravity of the sample was volumetric flask, 

distilled water, balance, vacuum pump, funnel, and oven. The test started with 

weighting of the empty volumetric flask and then fill it with the distilled water and 

weight it again. And then a 50g of soil is filled in the flask and the flask filled again 

with 2/3 distilled water. And then the vacuum pump was used to remove the entrapped 

air and then the flask is weighted again. And then the water temperature is tested to 

determine its exact density. Figure 3.7 illustrates the water and soil filled flask. 

 



37 

 

 
 

Figure 3.7. a) water filled flask. b) soil filled flask. 

 

The specific gravity is calculated as follows Equation 3.6: 

 

𝐺𝑠 =
𝐺𝑡 × 𝑊𝑠

𝑊2 − (𝑊1 − 𝑊𝑠)
 (3.6) 

                                                                                     

Where, 

 

𝐺𝑠 = specific gravity of soil. 

𝐺𝑡 = specific gravity of water. 

𝑊𝑠 = weight of dry soil. 

𝑊1 =weight of pycnometer+ sample+ water. 

𝑊2= weight of pycnometer+ water. 

 

3.2.3. Soil Compaction 

 

Proctor Test was done for all the samples in the three series according to ASTM D698 

– 12 to ensure the well soil compaction and the equality in the compaction for them. 

The procedure of this test is straightforward, and the equipment needed for this 

procedure are mainly a standard mold with a standard hammer. Table 3.2 shows the 

mold and hammer specifications.  

 

a b 
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Table 3.2. Proctor Test specifications. 

 

# Standard 

No of blows 25 

No of layers 3 

Mold 4˝ 

Hammer 2.5kg 

Height 12˝ 

 

The test begins after the soil sample is obtained through a No. 4 sieve. The soil bulk is 

then weighed and the mold is weighed without a collar. The soil will then be placed in 

the blender and water will regularly be added to the appropriate moisture level. The 

dirt is subsequently taken from the mixer and placed into the mold in three layers and 

a compaction procedure for each layer is applied by 25 blows per layer. The blows are 

performed by hand and the mold must be filled with ground material and must reach a 

ring with eye but only 2 cm. The mold and the enclosing soil are weighed after that. 

The use of the Proctor test is explained in Figure 3.8a through a free fall, and Figure 

3.8b clarify that the correct application of the Proctor test is verified by measuring 

post-test dimensions. 

 

 
 

Figure 3.8. a) The application of the Proctor Test and b) The verification of the right 

application after the Proctor Test. 

 

a b 
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3.2.4. Thermal Conductivity 

 

The major test of thermal conductivity for this investigation was performed using the 

Steady-State technique laboratory. The equipment and the software used in this test 

were include: 

 

Laptop. 

Removable plate (Figure 3.9). 

Aluminum plate transfers the heat (Figure 3.10). 

Heater device (Figure 3.11). 

TC-08 thermocouple data logger (Figure 3.12). 

Type K thermocouple temperature sensor (Figure 3.12). 

DC power supply (Figure 3.20). 

Thermal cell to place the soil samples for testing. 

Silicon isolation layer. 

Balance. 

PL software (Figure 3.13). 

 

 
 

Figure 3.9. Removable plate. 
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Figure 3.10. Aluminum plate transfers the heat. 

 

 
 

Figure 3.11. Heater device. 

 

 
 

Figure 3.12. TC-08 thermocouple data logger attached with the Type K thermocouple 

temperature sensor. 
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Figure 3.13. PL software. 

 

The thermal cell used in this study was a cell with an opening diameter of 10.7cm as 

shown in Figure 3.14. This cell was covered with another two layers. The first layer 

was from silicon with a thickness of 2.5 cm; this layer was used as thermal isolation 

from the surrounding environment. Figure 3.16 illustrates the silicon isolation layer. 

And another top layer which was a pipe and mainly worked to hold all the layers 

together with opening diameter of 15.7cm as shown in Figure 3.15.  

 

 
 

Figure 3.14. Inner cell with an opening diameter of 10.7cm. 
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Figure 3.15. Outer cover pipe with an opening dimeter of 15.7cm. 

 

The testing cell was divided into two tubes. The first was 13 cm long and the second 

was 15 cm long. Between the two tubes, the aluminum heat transfer plate was installed 

by pressing it in the outer edge of the first part of the 15 cm long tube so that it takes 

a 2 cm depth space so that the two tubes are equal. The gap between the inner tube and 

the outer tube for the two parts was filled with transparent silicone and tied with 4 

fixing belts. The outer tube acts as a layer of protection for silicon from external factors 

and influences. A hole was made in the inner and outer tube at the middle of each tube 

with a diameter of 1 cm in a straight line and one direction. The purpose of this hole 

was to insert the heater inside the heating plate. Table 3.3 shows the cell dimensions. 

Figure 3.16 shows the testing cell with all the layers and Figure 3.17 shows a sketch 

for the cell layers and their dimensions.  

 

 

 

 

 

 

 

 
 

 

 

 

Figure 3.16. The silicon isolation layer inside the inner and the outer cover. 
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Figure 3.17. Sketch for the cell layers and their dimensions. 

 

And a TC-08 thermocouple data logger was used attached to a type K thermocouple 

temperature sensor with a length of 150mm and a thickness of 1.5mm. A DC-type 

power supply (shown in Figure 3.20) was used attached to a DC cartridge heater with 

100mm length and 10mm diameter. Figure 3.18 shows the insulation and the removal 

of the removable plate. The cell was opened from the two sides, and these ends were 

closed during the test with the removable plate. This plate had a hole in its middle to 

inject the sensor inside it and measure the temperature. Figure 3.21 illustrates the 

equipment used for measuring the soil thermal conductivity.  
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Figure 3.18. The insulation and the removal of the removable plate. 

 

 
 

Figure 3.19. The testing cell with all the layers. 
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Figure 3.20. DC-type power supply. 

 

Table 3.3. The cell dimensions. 

 

 

 

 

 

 

 

 

 

 
 

Figure 3.21. The equipment used for measuring the thermal conductivity of soil. 

Cell Dimensions 

D (mm)   107   

A (m2) 0.008992 

V (m3)  0.0009879 
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3.2.4.1. Test Procedure 

 

Before starting the test, the weight of empty cells should be measured. After that, the 

cells are filled with soil and the entire cells are weighted again. The test starts with the 

power supply supplementing a DC current to the attached heater. The attached heater, 

which is placed in the middle of the two cells, starts heating for one day. This heater 

is transferring the heat horizontally and equally for both of the cells. It must be 

mentioned that this method is my original method with no standard or base. Figure 

3.22 illustrates the installation of the thermal conductivity test equipment and starting 

them to be gone with the experiment.  

 

 
 

Figure 3.22. The equipment of thermal conductivity. 

 

After one day, the sensor which is attached to the data logger starts to be injected into 

the soil incrementally every 4 minutes at depths of 0, 2.5, 5, 7.5, and 11 cm. At first, 

the temperature is measured at the surface. After 4 minutes, it is injected at a depth of 

2.5cm, and then we wait again for 4 minutes to measure the data. And repeat this 

procedure of the sensor another three times. However, for the last one, we inject at a 

depth of 3.5 cm. the measuring was done from one side. The other side was to simulate 

the situation inside the ground. After measuring the temperature for each layer, each 
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layer was scrapped approximately 1cm and a sample was taken to measure the water 

content of it. The PL software was used to collect the temperature data and transfer 

them to an excel sheet. Figure 3.23 shows weighing the cell and Figure 3.24 shows the 

sensor injection inside the cell and the heater injection inside the plate to transfer the 

heat. 

 

 
 

Figure 3.23. Weighing the cell. 

 

 
 

Figure 3.24. The sensor injection inside the cell and the heater injection inside the plate 

to transfer the heat. 
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The thermal conductivity according to Fourier's Law of Heat Conduction is shown in 

equation 3.7. 

 

𝐾𝑒 =

𝑄
𝐴⁄

∆𝑇
∆𝐿⁄

 

  (3.7) 

                                                                                             

Where, 

 

𝐾𝑒: is the thermal conductivity of the soil. 

𝑄: is the power input and equal to the Current (mA) * Volt (V). 

A: is the cross-sectional area. 

ΔT: is the temperature difference across the length of the specimen. 

ΔL: is the length of the specimen. 

 

3.2.5. Water Content 

 

The water content test was made on samples taken from the cell after completing the 

thermal conductivity test on the samples. The samples have been put in taps. Every 

sample was weighed individually and then placed 24 hours in the oven to dry. after 

that the weight of these samples was taken and to calculate the water content of each 

sample. To examine the change of the soil water content under the impact of the 

temperature and the movement of the water from the soil samples from different 

depths, four tests from different depths were collected. Four were used. Bulk density 

(𝞺b) and Dry of density (𝞺d) was calculated as Equation 3.8 and Equation 3.9 

respectively: 

 

ρb = M/V         (3.8) 

  

ρd =  ρb/(1 + w)    (3.9) 

 

Where: 

 

M: Mass of soil (Kg) 
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V: Volume of soil (m3) 

W: Water content (%) 

 

3.3. TESTED SAMPLES 

 

In this study, three series with different properties were tested. Each series contains a 

multiple batch. The first series adjusted water contact of the loops to examine the 

influence on the thermal conductivity of soil of the water content and the selection of 

the optimal water content for the soil to transmit heat. In the second series, a variable 

proportion of lime is applied to the soil to test its influence on soil heat conductivity. 

In the third series, the soil density was modified numerous times to examine the 

thermal conductivity effects of the density. The three series were named as following: 

 

W series, and the symbolizing of the series batches were as: (WTS(number)). Where, 

W refers to the W series, TS refers to Tripoli soil, and the number shows the 

percentage of the water content in each batch. 

 

L series, and the symbolizing of the series batches were as: (LTS(number)). Where, 

L refers to the L series, TS refers to Tripoli soil, and the number shows the 

percentage of the lime content in each batch. 

 

D series, and the symbolizing of the series batches were as: (DTS(number)). Where, 

D refers to the D series, TS refers to Tripoli soil, and the number shows the density 

of the soil rounded to the nearest ones. 

 

3.3.1. W Series 

 

In this series a total 7 batches were performed. The water content of the batches was 

0%, 1%, 3%, 7%, 10%, 15%, and 20%. Table 3.4 clarification provides the symbols 

for the batches of the W series and the percentage of water content and the number of 

blows for each lot to compress the layers of soil. In order to examine its impact on soil 

thermal conductivity and determine the optimal proportion of water content in the next 

two sets at an optimal percentage, soil water content was altered several times. In this 
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series, the Proctor Compaction Test was applied for all the batches. Besides, the 

compaction was applied with 25 blows on each layer. 

 

Table 3.4. W series batches and the number of blows applied to compact each soil 

layer for each batch. 

 

NO Batch Water Content (%) Compaction (%) 

1 WTS0 0%  

 

 

100% 

 (25 blows)   

 

 

2 WTS1 1% 

3 WTS3 3% 

4 WTS7 7% 

5 WTS10 10% 

6 WTS15 15% 

7 WTS20  20%  

 

3.3.2. L Series 

 

In this series a total of 5 batches were performed. The lime content of the batches was 

3%, 5%, 10%, 15%, and 30%. Table 3.5 shows the symbolizing of the L series batches 

with the lime content percentage and the number of blows applied to compact each 

soil layer for each batch. Lime was added into the soil to examine the effect of adding 

the lime to the soil on the heat transfer. The water content for all batches was 10% as 

it found to be the optimum percentage of heat transfer. This percentage was the 

optimum because after the compaction, the soil particles were attached well together 

and thermal conductivity were increased. In this series, the Proctor Compaction Test 

was applied for all the batches. Besides, the compaction was applied with 25 blows on 

each layer. 

 

Table 3 5. L series batches and the number of blows applied to compact each soil layer 

for each batch. 

 

NO Batch Lime Content (%) Water content (%) Compaction (%) 

1 LTS3 3% 

10% 
100% 

(25 blows) 

2 LTS5 5% 

3 LTS10 10% 

4 LTS15 15% 

5 LTS30 30% 
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3.3.3. D Series 

 

In this series a total of 6 batches were performed. The density of the batches in Kg/m3 

was 724.703, 901.832, 1038.51, 1092.78, 1223.94, and 1466.89. Table 3.6 shows the 

symbolizing of the D series batches with the density and the number of blows applied 

to compact each soil layer for each batch. The density was changed several times to 

examine its effect on the soil thermal conductivity and the heat transfer. The water 

content for all batches was 10% as it found to be the optimum percentage of heat 

transfer. This percentage was the optimum because after the compaction, the soil 

particles were attached well together and thermal conductivity were increased. In this 

series, the Proctor Compaction Test was applied for all the batches. The blows number 

in each layer were differ depending on the desired density. Increasing the number of 

blows led to increase the density of the soil. 

 

Table 3.6. D series batches and the number of blows applied to compact each soil layer 

for each batch. 

 

NO Batch Density 

(Kg/m3) 

Water content (%) Compaction (blows) 

1 DTS724 724.703  

 

 

10% 

10 

2 DTS901 901.832 13 

3 DTS1038 1038.51 15 

4 DTS1092 1092.78 16 

5 DTS1223 1223.94 18 

6 DTS1466 1466.89 20 
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PART 4 

 

RESULTS AND DISCUSSION 

 

There are three primary components in the results and discussion section. The findings 

of the examination of the thermal conductivity of Tripoli soil samples with varied 

water levels will be shown in the first part (W Series). The second part shows the 

results of the test of Tripoli soil conductivity with the addition of lime to the samples 

and a consistent water level of 10 percent for all samples The second section illustrates 

the (L Series). And the third part shows the findings of the thermal conductivity of the 

Tripoli soil samples at varying densities and ensures that the water contents for all 

samples are 10 percent constant (D Series).  

 

4.1. W SERIES 

 

This section shows the results of a study on the thermal conductivity of Tripoli soil 

samples of various water in each sample (W Series). The findings of the temperature, 

thermal conductivity and average water content of the soil, as well as density of the 

Tripoli W series tested samples, are shown in Table 4.1. And the figures depict and 

represent results for additional comparison of batches of series W from figures 4.1 to 

Figure 4.5. Table 4.1. In this section, the representative of the results and the discussion 

starts with a compression of the thermal conductivity of all the batches from the W 

series, the water content of the batches after applying the heat on it are compared. 
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Table 4.1. The results of the temperature of the soil, thermal conductivity, average water content, and the density of the tested samples 

from the Tripoli soil for the W Series. 

 
 

Penetration 

Depth (m) 

 

L (m) 

 

Volt (V) 

 

Current 

(mA) 

 

Power Q 

(wat) 

 

T1 Heater 

(C) 

 

T2 (C) 

 

K(W/m 

K) 

corrected 

K 

(W/m.C) 

 

W (%) 

 

W aveg. 

(%) 

 

𝞺b (Kg/m3) 

 

𝞺𝙙 (Kg/m3) 

WTS0, Room Temperature = 17℃ 

0 0.11  

 

5.50 

 

 

0.71 

 

 

1.95 

 

 

33.63 

18.80 1.61  

 

0.60 

 

0.00  

 

0.00 

 

 

1499.19 

 

 

1499.19 

0.025 0.085 20.29 1.38 0.00 

0.05 0.06 22.42 1.16 0.00 

0.075 0.035 25.36 0.92 0.00 

WTS1, Room Temperature = 23℃ 

0 0.11  

 

5.20 

 

 

0.73 

 

 

1.90 

 

 

38.75 

24.50 1.63  

 

1.05 

 

1.05  

 

1.00 

 

 

1508.76 

 

 

1493.82 

0.025 0.085 26.88 1.51 1.03 

0.05 0.06 29.60 1.38 1.00 

0.075 0.035 32.74 1.23 0.92 

WTS3, Room Temperature = 20℃ 

0 0.11  

 

5.20 

 

 

0.73 

 

 

1.90 

 

 

34.79 

25.43 2.48  

 

1.85 

 

3.06  

 

3.02 

 

 

1587.26 

 

 

1540.77 

0.025 0.085 27.30 2.40 3.03 

0.05 0.06 29.14 2.24 3.00 

0.075 0.035 31.15 2.03 2.98 

WTS7, Room Temperature = 20℃ 

0 0.11  

 

5.20 

 

 

0.73 

 

 

1.90 

 

 

31.13 

26.14 4.65  

 

3.06 

 

7.20  

 

7.00 

 

 

1695.17 

 

 

1584.23 

0.025 0.085 26.99 4.33 7.12 

0.05 0.06 27.96 4.00 7.00 

0.075 0.035 29.04 3.53 6.69 
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Penetration 

Depth (m) 

 

L (m) 

 

Volt (V) 

 

Current 

(mA) 

 

Power Q 

(wat) 

 

T1 Heater 

(C) 

 

T2 (C) 

 

K(W/m 

K) 

corrected 

K 

(W/m.C) 

 

W (%) 

 

W aveg. 

(%) 

 

𝞺b (Kg/m3) 

 

𝞺𝙙 (Kg/m3) 

WTS10, Room Temperature = 21℃ 

0 0.11  

 

5.20 

 

 

0.73 

 

 

1.90 

 

 

31.68 

26.06 4.13  

 

3.28 

 

10.36  

 

10.00 

 

 

1806.77 

 

 

1642.52 

0.025 0.085 27.20 4.00 10.25 

0.05 0.06 28.30 3.75 10.03 

0.075 0.035 29.60 3.55 9.36 

WTS15, Room Temperature = 20℃ 

0 0.11  

 

5.40 

 

 

0.72 

 

 

1.94 

 

 

29.75 

25.24 5.27  

 

3.38 

 

15.31  

 

15.06 

 

 

1888.62 

 

 

1641.45 

0.025 0.085 25.96 4.85 15.05 

0.05 0.06 26.81 4.41 15.02 

0.075 0.035 27.85 3.98 14.85 

WTS20, Room Temperature = 17℃ 

0 0.11  

 

5.50 

 

 

0.71 

 

 

1.95 

 

 

25.71 

21.38 5.52  

 

3.41 

 

20.36  

 

20.14 

 

 

1880.32 

 

 

1565.07 

0.025 0.085 22.20 5.26 20.28 

0.05 0.06 22.94 4.70 20.12 

0.075 0.035 23.82 4.02 19.81 
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Figure 4.1. The results of the thermal conductivity of Tripoli soil samples in each 

penetration distance for the W series. 

 

 
 

Figure 4.2. The results of the Tripoli soil samples' temperature in each penetration 

depth for the W series. 
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Tripoli soil samples for each penetration distance in the series W clarify the findings 

of thermal conductivity in Figure 4.1, and Figure 4.2 illumines the outcome of the 

temperatures of Tripoli soil samples for each W serial penetration depth. Figures 4.1 

and 4.2 are explored in the following results: 

 

The room temperature when the tests were conducted was approximately the same. 

The temperatures were between 20-23℃ except for the batch WTS20, WTS0 the 

temperature was 17℃. However, as the temperature difference had no effect and due 

to the presence of two isolation materials (the silicon and the outer pipe), the thermal 

conductivity tests of the batches did not affect and the results were considered to be 

accurate. 

 

The thermal conductivity of soil samples with water content of 1%, 3%, 7%, 10%, 

15%, 20% was improved by 74.74%, 206.82%, 407.23%, 443.99%, 460.57%, and 

466.10% compared to the sample with water content. 0%. Increasing the water content 

leads to increase the thermal conductivity and also adding water to the samples helped 

in soil cohesion, which leads to reducing the spaces between soil particles helped to 

increase the conductivity. 

 

The maximum corrected thermal conductivity appeared with the batch containing 20% 

water content (WTS20 batch), and it was 3.41 W/m.℃. And the minimum corrected 

thermal conductivity appeared with the batch containing 0% water content (WTS0 

batch), and it was 0.60 W/m.℃. 

 

The optimum water content between all batches was 10% (WTS10 batch), and the 

thermal conductivity of the soil was about 3.28 W/m. This ideal ratio is found because 

after this ratio the increase starts to grow slowly (horizontal increase) plus 10% water 

content (WTS10 batch) is the most suitable for compression because the higher the 

water content, the harder it is to compress. the soil. 

 

The maximum temperature of the soil’s when the heater was applied for 24 hours for 

all batches were between 23.82℃ - 32.74℃ at a penetration depth of 0.075 m inside 
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the cell. And the minimum temperature of the soils when the heater was applied for 24 

hours for all batches were between 18.8℃ - 21.38℃ at a penetration depth of 0 m 

inside the cell. 

 

The maximum temperature of the soil’s samples for all batches when the heater was 

applied for 24 hours were found for all batches when the penetration depth was 0.075m 

inside the cell.  And the minimum temperature of the soil’s samples for all batches 

when the heater was applied for 24 hours were found for all batches when the 

penetration depth was 0m inside the cell. This refers to the nearness and farness from 

the heater. The more the penetration depth increased the more the section is near to the 

heater. Thus, 0.075m penetration depth gives the maximum temperature, and 0m depth 

(the farest measurement from the sample) gives the minimum temperature.  

 

 
 

Figure 4.3. Comparison between the thermal conductivity of Tripoli soil samples 

results with different water contents. 
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Figure 4.4. The temperature of the soil samples while applying the heat within 24 

hours. 

 

 
 

Figure 4.5. The results of the water content in each part of the testing cell. 
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water content in each part of the testing cell, and Figure 4.5 illustrates the results the 

soil samples’ temperature while applying the heat within 24 hours. The following 

could be seen and concluded from Table 4.1 and Figure 4.1, Figure 4.2, Figure 4.3, 

and Figure 4.4 above: 

 

The results reveal a non-linear rise in thermal conductivity for soils with low to 

medium water content. While the thermal conductivity of soils with high water content 

has progressively grown linearly, the heat flow of soil has continued, and the water 

content of soil has changed which influences the heat conductivity of the soil 

positively. 

 

The water content after applying the heat from the heater was varied from one section 

to another in the same batch. The maximum water content was at the first section from 

the heater and the minimum water content was at the nearest section from the heater 

for all batches. This referred to the movement of the water from the side that is near to 

the heater to the side that is far from the heater. 

 

W series have shown good results for improving the Tripoli soil's thermal conductivity. 

 

4.2. L SERIES 

 

This section shows the results of a thermal conductivity study on Tripoli soil samples 

with various limestones in each specimen (L Series). Table 4.2 gives soil temperature 

findings, thermal conductivity, mean water content and density for L Series of Tripoli 

tested soil samples, and Figures 4.6 to Figure 4.9 displays the results of Table 4.2 for 

a comparison of L Series batch data. Table 4.2 provides more results. In this section, 

the representative of the results and the discussion starts with a compression of the 

thermal conductivity of all the batches from the L series, then the lime addition in the 

samples after applying the heat on it is compared. 
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Table 4.2. The results of the temperature of the soil, thermal conductivity, average water content, and the density of the tested samples 

from the Tripoli soil for the L Series. 

 
 

Penetration 

Depth (m) 

 

L (m) 

 

Volt (V) 

 

Current 

(mA) 

 

Power Q 

(wat) 

 

T1 Heater 

(C) 

 

T2 (C) 

 

K(W/m K) 

corrected 

K 

(W/m.C) 

 

W (%) 

 

W aveg. 

(%) 

 

𝞺b (Kg/m3) 

 

𝞺𝙙 (Kg/m3) 

LTS3, Room Temperature = 19℃ 

0 0.11  

 

5.40 

 

 

0.72 

 

 

1.94 

 

 

29.30 

24.40 4.85  

 

    2.72 

 

 

10.21  

 

10.00 

 

 

1828.59 

 

 

1662.32 

0.025 0.085 25.27 4.56 10.13 

0.05 0.06 26.09 4.04 10.02 

0.075 0.035 27.03 3.33 9.65 

LTS5, Room Temperature = 20℃ 

0 0.11  

 

5.40 

 

 

0.72 

 

 

1.94 

 

 

29.42 

24.35 4.69      

 

    2.63 

 

10.03  

 

9.99 

 

 

1816.54 

 

 

1651.51 

0.025 0.085 25.17 4.32 10.00 

0.05 0.06 26.04 3.84 10.00 

0.075 0.035 27.09 3.25 9.94 

LTS10, Room Temperature = 18℃ 

0 0.11  

 

5.50 

 

 

0.71 

 

 

1.95 

 

 

26.78 

21.53 4.55  

 

   2.58 

 

 

10.01  

 

10.00 

 

 

1801.00 

 

 

1637.28 

0.025 0.085 22.38 4.19 10.01 

0.05 0.06 23.19 3.63 10.00 

0.075 0.035 24.42 3.22 9.98 

LTS15, Room Temperature = 18℃ 

0 0.11  

 

5.40 

 

 

0.72 

 

 

1.94 

 

 

27.31 

21.63 4.19  

   

   2.25 

10.03  

 

10.01 

 

 

1735.91 

 

 

1578.03 

0.025 0.085 22.63 3.93 10.01 

0.05 0.06 23.47 3.38 10.00 
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Penetration 

Depth (m) 

 

L (m) 

 

Volt (V) 

 

Current 

(mA) 

 

Power Q 

(wat) 

 

T1 Heater 

(C) 

 

T2 (C) 

 

K(W/m K) 

corrected 

K 

(W/m.C) 

 

W (%) 

 

W aveg. 

(%) 

 

𝞺b (Kg/m3) 

 

𝞺𝙙 (Kg/m3) 

0.075 0.035 24.64 2.83  9.98 

LTS30, Room Temperature = 18℃ 

0 0.11  

 

5.20 

 

 

0.72 

 

 

1.87 

 

 

27.05 

20.12 3.30  

 

     1.75 

 

 

 

10.17  

 

10.00 

 

 

1495.95 

 

 

1359.93 

0.025 0.085 21.08 2.96 10.05 

0.05 0.06 22.24 2.60 10.00 

0.075 0.035 23.81 2.25 9.79 
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Figure 4.6. The results of the thermal conductivity of Tripoli soil samples in each 

penetration depth for the L series. 

 

 
 

Figure 4.7. The results of the Tripoli soil samples' temperature in each penetration 

depth for the L series. 
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Figure 4.6 illustrates the result of the thermal conductivity of Tripoli soil samples in 

each penetration distance for the L series and Figure 4.7 clarifies the result of the 

Tripoli soil samples' temperature in each penetration depth for the L series. The results 

of Table 4.2, Figure 4.6, and Figure 4.7 are discussed below: 

 

The room temperature when the tests were performed was approximately the same. 

The temperatures were between 18-20. However, as the temperature difference had no 

effect and due to the presence of two isolation materials (silicon and outer pipe), the 

thermal conductivity tests of the batches were not affected and the results were 

considered to be accurate. 

 

The maximum corrected thermal conductivity appeared with the batch containing 3% 

lime content (LTS3 batch), and it was 2.72 W/m.℃. And the minimum corrected 

thermal conductivity appeared with the batch containing 30% lime content (LTS30 

batch), and it was 1.75 W/m.℃. 

 

The thermal conductivity of the soil samples with adding lime by 5%, 10%, 15%, and 

30% was decreased by -3.51%, -5.36%, -17.57%, and -35.62% comparing to the 

sample with 3% lime content Increasing the lime content of the soil led to decrease in 

the thermal conductivity of the soil, as particular heat of the lime differs from the soil. 

The soil had a better heat conductivity than the lime. 
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Figure 4.8. Comparison between the thermal conductivity of Tripoli soil samples 

results with different lime contents. 

 

 
 

Figure 4.9. The temperature of the soil samples while applying the heat within 24 

hours. 
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samples results with different lime contents. Figure 4.9 illustrates the results of the soil 

samples’ temperature while applying the heat within 24 hours. The following could be 

seen and concluded from Figure 4.8, and Figure 4.9 above: 
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The maximum temperature of the soil’s when the heater was applied for 24 hours for 

all batches were between 23.81℃ - 27.09℃ at a penetration depth of 0.075 m inside 

the cell. And the minimum temperature of the soils when the heater was applied for 24 

hours for all batches were between 20.12℃ - 24.4℃ at a penetration depth of 0 m 

inside the cell. 

 

The maximum temperature of the soil’s samples for all batches when the heater was 

applied for 24 hours were found for all batches when the penetration depth was 0.075m 

inside the cell.  And the minimum temperature of the soil’s samples for all batches 

when the heater was applied for 24 hours were found for all batches when the 

penetration depth was 0 m inside the cell. This refers to the nearness and farness from 

the heater. The more the penetration depth increased the more the section is near to the 

heater. Thus, 0.075m penetration depth gives the maximum temperature, and 0 m 

depth (the farest measurement from the sample) gives the minimum temperature.  

 

The water content for all batches in the L series toward 10%, as it found the optimum 

percentage from the W series. 

 

L series exhibited poor results in terms of improving Tripoli soil thermal conductivity. 

In general, lime had a poor role with regard to thermal conductivity. 

 

4.3. D SERIES 

 

This section shows the results of the thermal conductivity of Tripoli soil samples with 

a range of soil densities (D Series). Table 4.3 displays the temperature and conductivity 

findings of the soil, average water content and the D-series density samples tested in 

Tripoli, illustrating the figures of Figure 4.10 to Figure 4.13, and represents the results 

of Table 4.3 for a further comparison of batches in the D-series. In this section, the 

representative of the results and the discussion starts with a compression of the thermal 

conductivity of all the batches from the D series, then the density changes in the 

samples after applying the heat on it is compared. 
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Table 4.3. The results of the temperature of the soil, thermal conductivity, average water content, and the density of the tested 

samples from the Tripoli soil for the D Series. 

 
 

Penetration 

Depth (m) 

 

L (m) 

 

Volt (V) 

 

Current 

(mA) 

 

Power Q 

(wat) 

 

T1 Heater 

(C) 

 

T2 (C) 

 

K(W/m 

K) 

corrected 

K 

(W/m.C) 

 

W (%) 

 

W aveg. 

(%) 

 

𝞺b (Kg/m3) 

 

𝞺𝙙 (Kg/m3) 

DTS724, Room Temperature = 19℃ 

0 0.11  

 

5.40 

 

 

0.71 

 

 

1.92 

 

 

28.35 

22.21 3.82  

 

2.03 

 

10.15  

 

10.00 

 

 

797.17 

 

 

724.70 

0.025 0.085 23.35 3.62 10.10 

0.05 0.06 24.30 3.16 10.02 

0.075 0.035 25.40 2.53 9.73 

DTS901, Room Temperature = 20℃ 

0 0.11  

 

5.40 

 

 

0.71 

 

 

1.92 

 

 

29.83 

23.33 3.61  

 

2.18 

 

10.21  

 

10.00 

 

 

992.04 

 

 

901.83 

0.025 0.085 24.45 3.37 10.12 

0.05 0.06 25.62 3.04 10.00 

0.075 0.035 26.96 2.60 9.68 

DTS1038, Room Temperature = 20 

0 0.11  

 

5.40 

 

 

0.71 

 

 

1.92 

 

 

29.81 

23.88 3.95  

 

2.21 

 

10.12  

 

10.00 

 

 

1142.36 

 

 

1038.51 

0.025 0.085 24.77 3.60 10.09 

0.05 0.06 25.81 3.20 10.02 

0.075 0.035 27.10 2.75 9.77 

DTS1092, Room Temperature = 19℃ 

0 0.11  

 

5.40 

 

 

0.71 

 

 

1.92 

 

 

29.36 

23.48 3.99  

 

2.22 

 

10.23  

 

10.00 

 

 

1202.09 

 

 

1092.78 

0.025 0.085 24.45 3.69 10.12 

0.05 0.06 25.43 3.25 10.08 

0.075 0.035 26.65 2.75 9.58 
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Penetration 

Depth (m) 

 

L (m) 

 

Volt (V) 

 

Current 

(mA) 

 

Power Q 

(wat) 

 

T1 Heater 

(C) 

 

T2 (C) 

 

K(W/m 

K) 

corrected 

K 

(W/m.C) 

 

W (%) 

 

W aveg. 

(%) 

 

𝞺b (Kg/m3) 

 

𝞺𝙙 (Kg/m3) 

DTS1223, Room Temperature = 19℃ 

0 0.11  

 

5.40 

 

 

0.71 

 

 

1.92 

 

 

28.47 

22.87 4.19  

 

2.34 

 

10.19  

 

10.00 

 

 

1346.34 

 

 

1223.94 

0.025 0.085 23.70 3.80 10.09 

0.05 0.06 24.68 3.38 10.03 

0.075 0.035 25.91 2.91 9.69 

DTS1466, Room Temperature = 20℃ 

0 0.11  

 

5.40 

 

 

0.71 

 

 

1.92 

 

 

28.03 

23.25 4.91  

 

2.81 

 

10.11  

 

10.00 

 

 

1613.58 

 

 

1466.89 

0.025 0.085 24.03 4.53 10.07 

0.05 0.06 24.84 4.01 10.01 

0.075 0.035 25.87 3.45 9.81 
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Figure 4.10. The results of the thermal conductivity of Tripoli soil samples in each 

penetration distance for the D series. 

 

 
 

Figure 4.11. The results of the Tripoli soil samples' temperature in each penetration 

depth for the D series. 
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Figure 4.10 illustrates the result of the thermal conductivity of Tripoli soil samples in 

each penetration distance for the D series and Figure 4.7 clarifies the results of the 

Tripoli soil samples' temperature in each penetration depth for the D series. The results 

of Table 4.3, Figure 4.10, and Figure 4.11 are discussed below: 

 

The room temperature when the tests were conducted was approximately the same. 

The temperatures were between 19-20℃. However, as the temperature difference had 

no effect and due to the presence of two isolation materials (the silicon and the outer 

pipe), the thermal conductivity tests of the batches were not affected and the results 

were considered to be accurate.  

 

The maximum corrected thermal conductivity appeared 2.81 W/m.℃. When the batch 

density was approximately 1466 kg/m3. The water content was 10% and the lowest 

corrected thermal conductivity appeared 2.03 W/m3.℃ when the density of the 

containing batch was about 724 kg/m3. The water content was 10%. 

 

Generally, increasing the density of the batches leads to make the soil particles close 

to each other, leading to increase the soil thermal conductivity.  

 

The maximum temperature of the soil’s when the heater was applied for 24 hours for 

all batches were between 25.4℃ - 27.1℃ at a penetration depth of 0.075 m inside the 

cell. And the minimum temperature of the soils when the heater was applied for 24 

hours for all batches were between 22.21℃ - 23.88℃ at a penetration depth of 0 m 

inside the cell. 

 

The maximum temperature of the soil’s samples for all batches when the heater was 

applied for 24 hours were found for all batches when the penetration depth was 0.075m 

inside the cell.  And the minimum temperature of the soil’s samples for all batches 

when the heater was applied for 24 hours were found for all batches when the 

penetration depth was 0m inside the cell. This refers to the nearness and farness from 

the heater. The more the penetration depth increased the more the section is near to the 

heater. Thus, 0.075m penetration depth gives the maximum temperature, and 0m depth 

(the farest measurement from the sample) gives the minimum temperature.  
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The thermal conductivity of DTS901, DTS1038, DTS1092, DTS1223, and DTS1466 

samples was improved by 7.68%, 9.36%, 9.66%, 15.47% and 38.80% compared to the 

DTS724 sample. The higher the density of the samples, the higher their ability to 

conduct heat. This refers to the proximity of soil particles to each other which leads to 

the facilitation of heat transfer. 

 

 
 

Figure 4.12. Comparison between the thermal conductivity of Tripoli soil samples 

results with different dry densities. 

 

 
 

Figure 4.13. The temperature of the soil samples while applying the heat within 24 

hours. 
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Figure 4.12 shows a Comparison between the thermal conductivity of Tripoli soil 

samples results with different dry densities. Figure 4.13 illustrates the results of the 

soil samples’ temperature while applying the heat within 24 hours. The following 

could be seen and concluded from Figure 4.12, and Figure 4.13 above: 

 

The water content for all batches in the D series we 10%, as it found the optimum 

percentage from the W series. 

 

D series pressed positive results in improving Tripoli soil thermal conductivity. In 

addition, increased soil density led to an increase in heat conductivity. It was found. 

 

The increase in blows during the proctor compaction examination resulted in an 

increase in the conductivity of the soil. The heat conductivity through the soil is hence 

greater the soil density. 
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PART 5 

 

CONCLUSION 

 

The aim of this study is to establish Tripoli soil's thermal conductivity in Libya. The 

thermal conductivity of Tripoli soil is determined using stationary laboratory methods. 

Three series were examined in this study, and each series had a unique matrix. Those 

series are: examining the Tripoli soil samples' thermal conductivity with different 

water content in each sample (W Series), examining the Tripoli soil samples' thermal 

conductivity with adding lime to the samples, and keeping the water content of the 

sample's constant at 10% for all samples (L Series), and examining the Tripoli soil 

samples' thermal conductivity with different densities and keeping the water content 

of the sample's constant at 10% for all samples (D Series). Based on the results of this 

study, the following observation and conclusions could be drawn: 

 

Between all the batches from the three series, the maximum soil thermal conductivity 

was found in the W series and WTS20 batch and the corrected thermal conductivity 

was 3.41 W/m.℃. 

 

The increase in sample water content had a beneficial impact on the thermal 

conductivity of the soil.  

 

The water content after applying the heat from the heater was varied from one section 

to another in the same batch. The maximum water content was at the farest section 

from the heater and the minimum water content was at the nearest section from the 

heater for all batches. This referred to the movement of the water from the side that is 

near to the heater to the side that is far from the heater. 

 

The optimum water content between all batches was 10% (WTS10 batch), and the 

thermal conductivity of the soil was about 3.28 W/m.℃. This ideal percentage was 
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found because after this percentage e the increase starts to grow slowly. Moreover, 

water content of 10% is considered the optimum ratio so as  to obtain a homogeneous 

soil and also the possibility of obtaining good compaction process of the soil. 

 

10% water content were used for all the batches from the L series and the D series as 

it found the optimum percentage. 

 

Lime added to the soil has a detrimental influence on the thermal conductivity of the 

soil. Increasing the amount of lime reduces the thermal conductivity of the soil. 

 

The soil density had a beneficial influence on the heat conductivity of the soil. The 

higher the density of the soil the hotter. 

 

Increases the water content and increase the density give considerable increase to 

thermal conductivity. 

 

The series that showed the best results regarding the soil thermal conductivity were 

the W series then D series then L series. 

 

In terms of adding the lime to the soil, it is shown that it is not useful and led to decrease 

the thermal conductivity.  

 

The results provided in this study can be used in all construction projects. 
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APPENDIX A 

 

PL SOFTWARE'S SAMPLE RESULTS 
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Figure Appendix 1. a and b shows a PL software's sample results and c shows the date 

arrangement at the software. 
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Table Appendix 1. Shows the soil temperature (T) results during the thermal 

conductivity test (t) for the tested samples from the W series. 
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Table Appendix 2. Shows the soil temperature (T) results during the thermal 

conductivity test (t) for the tested samples from the L series. 

 

 

 

 

 



 

92 

 

 

 

 



 

93 

 

 

 



 

94 

 

 

 



 

95 

 

 

 



 

96 

 

 

 



 

97 

 

 

 



 

98 

 

 

 

 



 

99 

 

Table Appendix 3. Shows the soil temperature (T) results during the thermal 

conductivity test (t) for the tested samples from the D series. 

 

 

 

 

 

 



 

100 

 

 

 

 

 



 

101 

 

 

 



 

102 

 

 

 

 

 



 

103 

 

 



 

104 

 

 



 

105 

 

 

 



 

106 

 

 
 



 

107 

 

RESUME 

 

I am Ali Mohamed Handar. I graduated from primary and secondary education in local 

schools located in the cities of Souk Al-Khamis - Tripoli. I started my university 

studies at the Higher Institute of  Science and Technology - Bani Walid in the 

Department of Civil Engineering in 1995, and I graduated in 1998 and worked as a 

teaching assistant at the Higher Institute of Science and Technology - Qasr Bin Ghashir 

and in 2010, then I was assigned as Director of the Technical Affairs management at 

the National Board for Technical Vocational Education - Ministry of Higher Education 

and also I was assigned as a Director of Projects Management at the Airports Authority 

- Ministry of Transportation and Transport. In 2019, I started my studies at the 

University of Karabuk, Department of Civil Engineering, to obtain a master’s degree. 

 

 


