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Abstract— This study was conducted to determine the effect 

of moisture content and density of the soil on the effective 

thermal conductivity of Tripoli sand, through a series of 

laboratory experiments, at different porosity and saturation 

values. For specimens with low moisture contents, the results 

showed a nonlinear increase in the effective thermal 

conductivity, while for soils with high moisture contents, the 

thermal conductivity was observed to have linearly increased. 

The maximum value for the effective thermal conductivity was 

obtained at the maximum dry density at the saturation state. In 

contrast, the minimum value was at the minimum dry density 

at the dry state.  
Keywords— Tripoli sand; Thermal conductivity; Steady state 

apparatus; Borehole heat exchangers; Energy piles; 

Temperature measurement. 

 

 Introduction  

Ground source heat pump (GSHP) systems provide a viable 

alternative to conventional heating and cooling systems in 

framework of developing sustainable buildings solutions, this 

is a technology that tap into the thermal energy present in the 

ground then utilize it for heating or cooling buildings, it is an 

effective method in terms of quality and cost [3]. The ground 

provides a reliable heat store due to its high heat capacity and 

fairly low thermal conductivity, with ground temperatures 

below a few meters depth staying relatively constant 

throughout the year, this means that the ground is warmer than 

the air during winter, and cooler than the air during summer. 

The rate of heat transfer of a single energy pile depends 

primarily on the temperature of the fluid carrying heat and the 

thermal conductivity of the soil surrounding the pile, so it is 

important in respect of designing such a system, to model and 

analyze accurately the heat transfer process between the 

foundations and the soil, where it is from the important 

parameters for such analysis is the effective thermal 

conductivity of soil [1]. 

The objective of this study is to find effective thermal 

conductivity coefficient of soil, study effect of porosity and 

particle arrangement (density) and the water content on the 

thermal conductivity of Tripoli sand using one dimensional 

conduction test (steady state method)[1]. 

 

I. EXPERIMENTAL SETUP AND PROCEDURE 

In order to achieve the objectives of this investigation, several 

tools, and laboratory instruments were used during this study; 

Figure 1 shows the complete set-up of the apparatus as listed 

below. 

1. Personal computer (PC). 

2. Thermal cell to place the soil samples for testing. 

3. Thermal interface unit board. 

4. Board of temperature control and transducers. 

5. Digital Voltmeter and Ammeter. 

6. Temperature sensor. 

7. Temperature sensor  

8. Temperature sensor. 

9.  Heating Element. 

10. DC Power supply resource. 

11. Wire fastener. 

12. Sensitive balance. 

13. Electric Oven. 

14. Set of standard sieves. 

15. Water vial and mixing tray.  
 

Figure (1) shows a thermal cell apparatus in which a heater 

disc is placed between the two specimens so that a thermal 

gradient parallel to the axis of the specimen is generated. 

The heat inside the disc is generated by a cartridge rod 

heater inserted into the heater disc through a drilled hole in 

the aluminum disc. Two aluminum sink discs  at the 
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unheated ends of the specimen, were used to dissipate the 

heat from the outer ends of the specimens. The heater disc, 

sink discs and specimens have the same diameter (84 mm).  

The system temperature is measured and monitored using 

temperature measurement control system and data 

acquisition unit, where the system temperature is sampled 

each 20 seconds. Heater temperature is controlled so that it 

provides the desired disc temperature. Temperature limits 

are carefully monitored to shutdown the system if the 

limits are exceeded. 

II. STEADY STATE THERMAL CONDUCTIVITY MEASUREMENT 

The thermal conductivity of the soil was measured at different 

degrees of saturation using a thermal cell that utilizes the 

steady-state method. The design of the apparatus is based on 

the application of Fourier’s law, where a one-directional 

uniform heat flux is generated through two identical 
specimens. The main body of the cell is made of PVC, whose 

low thermal conductivity helps in minimizing the radial heat 

loss and whose stiffness allows specimens to be compacted 

during preparation if required. In steady state conditions, the 

temperature of at least three points for each specimen can be 

plotted versus time. 

 

A. Abbreviations and Acronyms 

Q is the power input, A is the cross-sectional area, ΔT is the 

temperature difference across the length of the specimen, L is 

the length of the specimen, V is voltage , I is current supplied 

by the DC power supply  

 

B. Units 

Using SI as primary units:  

The power Q in watt, Current I in amperes, V in voltage, 

∆T in Celsius degrees, ∆L in meter unit, A in square meter 

and thermal conductivity ke in W/m.c. 

 

C. Equations 

For this study thermal cell method was chosen due to the 

simplicity of the apparatus and because it is inexpensive and 

does not require a large amount of sample. Generally, the 

thermal conductivity of a cylinder of soil is measured by 

generating one-directional heat flow along the axis of the 

specimen. The heat is generated by a cartridge heater 

embedded in the aluminum platen. Provided the specimen is 

well insulated so that radial heat losses can be neglected, the 

heat flow through the specimen during steady state is governed 

by Fourier’s Law of heat conduction [3] :                                                                                                                                               

                                                                                           

III. SAMPLE PREPARATION 

Tripoli sand is widely available and typical of most Tripoli 
area. It was obtained from one location in order to eliminate 
variations in its engineering properties. The samples tested 
were extracted from a depth of one meter from Tripoli 
University. Sieve analysis following BS 1377, indicates that 
this soil can be classified as a fine sand with coefficients of 
uniformity and curvature of 1.52 and 0.893, respectively , This 
sandy soil is classified as (SP) according to the unified 
classification system , and  average specific gravity is equal to 
(2.658). 

The study focused on the effects of degree of saturation and 

porosity on the thermal conductivity of Tripoli sand. For the 

interpretation of the test data, both porosity and degree of 

saturation were controlled. To study the effect of changing 

water content, ten values of water contents were used. 

 

IV. TEST PROCEDURE 

After preparation of the specimens was completed, the two 
cylinders containing the soil samples were then inserted into 
the insulating cylinder. The length of the specimen cylinders is 
designed to ensure complete contact between the heater disc 
and the two specimens when they reach their final position 
inside the insulating cylinder. 

To monitor the temperature gradient along each specimen 
length, temperature sensor was pushed longitudinally through 
the holes in the centre of the specimens in the two cell 
cylinders to reach depths of 0, 35, 65, and 100 mm from the 
heater. Another temperature sensor was used to control and 
monitor the temperature of the heater disc. 

Once thermal equilibrium was achieved, the DC power supply 

was switched on and the test run until steady state condition 

was achieved. The power selection depends on the required 

temperature gradient. For unsaturated conditions, the 

temperature gradient was kept as low as possible near the room 

temperature to avoid moisture migration. The power (Q = V * 

I) supplied to the heater is controlled by changing the voltage V 

and current I supplied by the DC power supply. Using 

Equation 1, the effective thermal conductivity ke can be 

determined. Three thermal conductivity values were calculated 

using different specimen lengths. The thermal conductivity 

results were then plotted against the corresponding specimen 

lengths. The radial heat losses along the specimen length can 

be identified by the slope of the line connecting these thermal 

conductivity values. If the line is not horizontal, radial heat 

losses took place during the test period. A correction step can 

be applied by extrapolating the thermal conductivities to a 

specimen length of zero [4]. Figure (4) shows an example of 

the thermal conductivity correction method. 

(1) 
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V. RESULTS AND DISCUSSION 

From the experimental results of specimens having different 

water contents, the relations between the physical properties of 

Tripoli sand and thermal conductivity can be assessed. Figure 

(2) shows a typical temperature versus time curve. The steady 

state can be clearly recognized after 4 hours from the start of 

the experiment. 

 

The evaluation of the experimental results obtained from the 

tests shows that for specimens with low moisture content 

(<5%), a nonlinear increase in the effective thermal 

conductivity, while for soils with high moisture content, the 

thermal conductivity was observed to have linearly increased. 

This is due to the disruption of the thermal flow continuity in 

the soil matrix which effected by the migration of moisture in 

the porous. The values of the effective thermal conductivity 

obtained in this study are in the normal range for soils which is 

between 1.12 to 4.0 W/m.C. 
 

A. Figures 

 

 

Figure 1 : Complete set-up of the apparatus 

 

 

 

 

Figure 2 :  Relationship between Temperature Versus Time 

 

Figure 3 : Temperature gradient and Relationship between T 

and L of soil sample  

 

 

Figure 4 : Temperature gradient and Relationship between ke 

and L of a soil sample 

 

Figure 5 :  Effective thermal conductivity (ke) Versus moisture 

content (w%) 

VI. CONCLUSIONS  

Based on the experimental work conducted in this investigation 

and the analysis of results, the following conclusions could be 
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drawn: Thermal cell method is one of the best practical 

methods for determining the effective thermal conductivity of 

soils because of the simplicity of the apparatus, inexpensive 

and does not require a large amount of sample and can be 

accommodated with soil samples retrieved from routine soil 

investigations. The radial heat losses along the specimen length 

can be identified by the slope of the line connecting the thermal 

conductivity values. If the line is not horizontal, radial heat 

losses took place during the test period. The results have shown 

that for soils with low to medium moisture content, a nonlinear 

increase in the thermal conductivity, while for soils with high 

moisture content, the thermal conductivity was observed to 

have gradually linearly increased. The results obtained in this 

research lie well within the normal range of soils (1.12 to 4.0 

W/m.c) 
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