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ABSTRACT  
The thermal conductivity of a soil is one of the thermal properties used in determining the effects 

of cold and frost on soil used as foundation materials for roads, airfields, pipelines, and buildings 

in cold regions. It also serves as an important parameter in facilitating the efficient design of 

Ground Source Heat Pump (GSHP) and energy foundation systems. The thermal conductivity of 

soils is a function of dry density, water content, mineralogy, temperature, particle size, particle 

shape and the volumetric proportions of the soil constituents. This paper presents results of an 

experimental test carried out on soil with the aim of investigating the thermal conductivity of the 

soil sample. A dry soil sample was taken and was examined using the steady state method (Lee‟s 

disc apparatus) of heat transfer. The thermal conductivity of the soil sample was then calculated 

directly using Fourier‟s law of heat conduction. The thermal conductivity of the sample was 

found to be 0.01 W/°C m. The result obtained showed that the soil sample has a low thermal 

conductivity which poses threats of overheating in cables and pipelines in that environment but 

may be required or needful for hot-water carrying pipes to minimize heat loss from the pipes to 

the ground. Hence, proper soil testing is key to lasting use of underground systems. 
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INTRODUCTION 
Thermal conductivity describes how easily heat can be transported through a material. It depends 

on the state of the material, which is a function of the chemical composition and physical 

structure. A low thermal conductivity indicates a heat insulating material [1]. Soil thermal 

conductivity is the ability of a soil to conduct heat [2]. It is required in many areas of 

engineering, agronomy and soil science. The engineering aspects include the design of 

underground telecommunication and power transmission cables and underground thermal energy 

storage, as well as ground source heat pump systems [3, 4]. Also, it is of great importance in the 

design of roads, airfields, pipelines or buildings in cold region. In agronomic practice, seed 

germination, seedling emergence and establishment are affected by their surrounding climate, 

which is influenced by soil thermal properties [5, 6]. 

The thermal properties of soils have been studied in recent literature with a growing interest in 

laying cables in the ground as an alternative to running them overhead on poles or transmission 

towers. Sizing of cables for transmission towers is based upon the required current-carrying 

capacity. Electricity flowing in a conductor including cables generates heat and the resistance to 

heat flow between the cable and surrounding environment that makes the cable temperature to 

rise. The thermal conductivity of the surrounding soils on which the cables are laid determines 
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how much heat the cable is able to dissipate and whether or not or by how much the temperature 

rises [3, 7]. The ideal soil is one that has high thermal conductivity. A simplified solution to the 

problem is to assume the relevant soil properties and to oversize the cables so that temperature 

increases are avoided or reduced [3]. Alternatively, the problem can be solved by laying cables 

in a relatively large trench surrounded with a backfill of established soil or sand with high 

thermal conductivity. Both are expensive though, particularly where lengthy cables are planned 

to be used. 

The thermal properties of a soil depend on several factors. These factors can be arranged into 

two broad groups: those which are inherent to the soil itself, and those which can be managed or 

controlled, at least to a certain extent, by human management. Those factors or properties that 

are inherent to the soil itself include the texture and mineralogical composition of the soil [8]. 

The thermal conductivity of the soil is highly affected by texture, mineralogical composition and 

organic matter content that are inherent to the porous media, and by more variable factors 

including water content, temperature, and porosity, as well as by gas, pressure and water vapour 

content [9, 10, 11, 12, 13]. The ground surface gets heated more during the day by intense solar 

radiation than the layers beneath, resulting in temperature gradient between the surface and 

subsoil on the one hand, and surface and air layers near the ground on the other. Within the soil, 

this causes heat flow downward as a thermal wave, the amplitude of which changes with depth. 

Estimation of heat flux from the soil temperature data can provide an understanding of the gain 

or loss of heat by the soil from the atmosphere [14]. Factors influencing a soil‟s thermal 

conductivity that can be managed externally include water content and soil compaction [12, 15]. 

Water content plays a major role in a soil‟s thermal conductivity. Water content is also the most 

difficult to manage. The way a soil is managed will play an important part in determining its 

thermal conductivity [16, 17]. Any practice or process, which tends to cause soil compaction will 

increase bulk density and decrease porosity of a soil. This in turn will have a significant effect on 

thermal conductivity. 

There are several methods of measuring soil thermal conductivity. They fall into two categories: 

steady state or transient methods [18]. At the laboratory scale, steady state methods involve 

applying one-directional heat flow to a specimen and measuring the power input and temperature 

difference across it when a steady state is reached. The thermal conductivity is then calculated 

directly using Fourier‟s Law of heat conduction. Transient methods involve applying heat to the 

specimen and monitoring temperature changes over time, and using the transient data to 

determine the thermal conductivity. An example of the steady state method is thermal cell, while 

that of the transient method is the needle probe. 

In this study, the Lee‟s disc apparatus, which is a steady state method, will be used to determine 

the thermal conductivity of soil sample in Abraka, Delta State, Nigeria. 

 

EXPERIMENTAL METHODOLOGY  
Description of the study area 
Abraka is a town located in Ethiope East Local Government Area of Delta State. Its geographical 

coordinates are 5°47¹ N latitude and 6°6¹ E longitude. It has an elevation of 67 m above sea 

level. It is one of the main urhobo clan. Abraka town is a favorite destination for domestic and 

international tourists. The town is known to be rich in clay-loamy soil. Abraka has a tropical wet 

and dry climate, with a lengthy wet season and relatively constant temperatures throughout the 

course of the year. 
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Apparatus/Materials  

i. Lee‟s disc 

ii. Vernier caliper 

iii. Micrometer screwguage 

iv. A tin disc and a metallic disc of large diameter compared to its thickness 

v. Sample of soil in the form of disc with same diameter 

vi. Digital stopwatch 

vii. A balance 

viii. Steam chamber 

ix. Two mercury thermometers 

 

Theory of Lee’s Disc Apparatus 

The Lee‟s disc experiment determines an approximate value for the thermal conductivity κ of a 

poor conductor like glass, soil, etc. The procedure is to place a disc made of the poor conductor, 

radius r and thickness x, between a steam chamber and two good conductivity metal disc (of the 

same metal) and allow the setup to come to equilibrium, so that the heat lost by the lower disc to 

convection is the same as the heat flow through the poorly conducting disc. The upper disc 

temperature T2 and the lower disc temperature T1 are recorded. The poor conductor is removed 

and the lower metal disc is allowed to heat up to the upper disc temperature T2. Finally, the steam 

chamber and upper disc are removed and replaced by a disc made of a good insulator. The metal 

disc is then allowed to cool through T1 < T2 and toward room temperature T0. The temperature of 

the metal disc is recorded as it cools so a cooling curve can be plotted. Then the slope s=∆T/∆t of 

the cooling curve is measured graphically where the curves passes through temperature T1.  

 
Figure 1: Description of Lee’s disc experimental setup 

 

The thin sample of disc is sandwiched between the brass disc and brass base of the steam chamber as seen 

Figure 1. The temperature of the brass disc is measured by thermometer T1 and the temperature of the 

brass base is measured by thermometer T2. In this way the temperature difference across such a thin disc 

of sample can be accurately measured. 

At the steady state, rate of heat transfer (H) by conduction is given by 

 H = κA( )          (1) 
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where, 
κ is the thermal conductivity of the sample, A is the cross sectional area, T2 – T1 is temperature difference 

across the sample, and x is thickness of the sample. 

The sample is an insulator. It is in the form of a thin disc with large cross sectional area (A=πr
2
) compared 

to the area exposed at the edge (a=2πrx) in order to reduce the energy loss. Rate of energy transfer across 

the sample can be increased by keeping „x‟small and „A‟ large. Keeping x small means the apparatus will 

reach steady state quickly. The temperatures T1 and T2 are constant when the apparatus is in steady state. 

Then the rate of heat conducted through the brass disc must be equal to the rate of heat loss due to cooling 

from the bottom of the brass disc by air convection. By measuring how fast the brass disc cool at the 

steady state temperature T1, the rate of heat loss can be determined. It is shown in Figure 1. If the disc 

cools down at a rate, dT/dt then the rate of heat loss is given by, 

                H = mc           

 (2) 

where, 

m is the mass of the brass disc, c  is the specific heat capacity of brass, and dT/dt is the rate of cooling of 

the brass disc at T2. 

 

 

Figure 2: Rate of heat loss by brass disc 

At steady state, heat conducted through the bad conductor per second will be equal to heat radiated per 

second from the exposed portion of the metallic disc. Hence, equating equations 1 and 2 yieilds: 

     κA ( )  =  mc  

κ =            

 (3) 

Equation 3 is used to calculate or determine the coefficient of thermal conductivity of the sample. 
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METHODOLOGY 
A sample of soil was taken from the front of physics laboratory in Abraka, Delta State, Nigeria. A disc 

made of tin was used in this study. The diameter of the soil sample was measured with a vernier caliper. 

The thickness of the soil sample was measured with a vernier caliper and micrometer screw gauge (but 

the vernier caliper reading was considered). Also the mass of the tin disc was measured with a beam 

balance. After the temperature readings were taken at steady state, the temperature of the tin disc was 

allowed to increase 10 °C above the steady state temperature. The system was then allowed to cool and 

the temperature for every minute of cooling was recorded till it fell 10 °C below the steady state 

temperature and results tabulated in Table 1. 

 

RESULTS   
The following are the readings gotten from the respective measurements of each materials used. 

Diameter of soil sample = 6.73 ± 0.005 cm 

Thickness of soil sample = 1.75 ± 0.005 cm 

Mass of tin disc = 4.9 ± 0.1 g 

Specific heat capacity of tin (from tables) =217 J/kg K 

At steady state, 

T1, steady temperature of Lee‟s disc = 53 °C 

T2, steady temperature of hollow cylinder = 65 °C 

Table 1: Data for cooling curve 

                                   Time(s)                      Temperature ± 1.0 (°C) 

                               60                                               63 

                                120                                             62 

                               180                                             61 

                               240                                             60 

                                300                                             58 

                                360                                             56 

                                420                                             55 

                                       480                                             54 

                                       540                                             52 

                                       600                                             50 

                                       660                                             50 

                                       720                                             49 

                                       780                                             48 

                                       840                                             47 

                                       900                                             46 

                                       960                                             44 

                                       1020                                           42 
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Figure.3: A Graph of temperature against time 

2.0 DISCUSSION  

From Figure 3, the slope represents the rate of cooling of tin disc at T1 °C. 

Slope,  =  

 =  

=  

= 0.022 °C/s 

In order to calculate the thermal conductivity of the soil sample, equation 3 was used. 

Converting all measurements to their S.I units; 

Mass of tin disc, m = 4.9 x 10⁻³ ± 0.0001 kg 
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Thickness of soil sample, x = 0.0175 ± 0.00005 m 

Diameter of soil sample, D = 0.0673 ± 0.00005 m 

The area of the sample in contact with the tin disc is, 

 A =  

=  

A = 3.56 x 10⁻³ m² 

Therefore, the thermal conductivity of the soil sample is, 

κ =  

κ =  

κ = 0.01 W/°C m 

Hence, the thermal conductivity of the soil sample is 0.01 W/Km. 

CONCLUSION 
This research work was carried out using the Lee‟s disc apparatus to determine the thermal conductivity 

of soil at Abraka, Delta State, Nigeria. A dry soil sample was taken and was examined using the steady 

state method of heat transfer. The thermal conductivity of the soil sample was then calculated directly 

using Fourier‟s Law of heat conduction. The thermal conductivity of the sample was found to be 0.01 

W/°C m. The result obtained showed that the soil sample has a low thermal conductivity which poses 

threats of overheating in cables and pipelines in that environment but may be required or needful for hot-

water carrying pipes to minimize heat loss from the pipes to the ground. Hence, proper soil testing is key 

to lasting use of underground systems. 
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