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ABSTRACT 

This paper focuses on the extent of variation in permeability and surface area of soils when particle size 

distribution (psd) of the soils changes. Particle size distribution is the distribution of the weight or volume of 

solid particles falling into different size ranges. Two different soil samples were collected as sample A and 

sample B and the distribution of their particle sizes were determined. Ethylene glucol was used as an 

adsorbate in the determination of the surface area of the soils in the two samples. Falling head and constant 
head permeability tests were used to determine the permeability of the soil samples respectively. The results 

obtained in this study have corroborated the theories in soil mechanics that say the more the amount of fines 

in a soil the larger the surface area and the smaller the permeability of the soil. 
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1 INTRODUCTION

 
Particle size distribution (PSD) is the distribution 

of the weight or volume of solid particles falling 

into different size ranges. This distribution gives 

the percentage of the total solids of all sizes in a 

soil sample. This is probably the most important 

soil property as a lot of other properties, such as 

permeability and surface area, depend greatly on 

it. Soils with smaller particle sizes such as clays 

possess large surface area, which influences soil-

contaminant interactions (Yong, et al., 1992).  

Hence, the amount of water or heavy metals 

adsorption in soil is a function of particle and pore 

size properties (Lu et al., 2004).  

Das (2008) defines permeability of a soil as a 

measure of its capacity to allow the flow of fluid 

through its void spaces. The fluid may be either a 

liquid or a gas, however, according to Head 

(2002), soil engineers are concerned only with 

liquid permeability and the liquid is usually 

understood to be water. Hydraulic permeability is 

an important factor in determining the suitability 

of engineering soils for different engineering 

applications. This quality of soil determines the 

length of time required for water to move a unit 

length in the soil. On the other hand, an external 

surface of a soil-solid includes all the cracks and 

fissures which have a larger width than depth, 

whereas internal surface covers the internal walls 

of all cracks, voids and cavities which are deeper 

than they are wide (Gregg, 1965). Because of the 

vagueness involved in discriminating between 

internal and external surfaces of a solid, 

calculations with such areas are extremely 

difficult. In this paper, the relationship between 

PSD and permeability, and PSD and surface area 

of two soil samples are discussed. Figure 1.1 

shows the psd machine (Mastersizer 2000) with a 

soil sample and graph display screen.  

 

 

 
 

Figure1.1: Mastersizer 2000 a product of 

Malvern 

 

.
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2     MATERIALS AND METHODS

 
The conventional way of particle size distribution 

analysis is by using sieves of different sizes, and 

the modern techniques include passage of samples 

through an electrically charged orifice. 

Mastersizer 2000, a product of Malvern 

Instruments was used to analyse the particle size 

distributions of the two different soil samples as 

described in Abdulfatah et. al (2009). This 

technique uses laser diffraction system and is 

capable of measuring wet and dry soil samples. 

Permeability and the surface area of the two soil 

samples were also measured respectively. The two 

soil samples mentioned above were tested for 

permeability. Sample A is a silty sand with grain 

size ranging from 0.004 to 0.4 mm, and Sample B 

is a sand with grain size ranging from 0.028 to 0.8 

mm. Based on the suitability of the two popular 

permeability tests on different types of soils, the 

constant head test was used for sample B, while 

Sample A was tested with the falling head 

method. 

External surface of the soil was determined by 

measuring the amount of liquid or gas required to 

cover the surface of a solid “Gregg, (1965)”. A 

method used by Saleh (2006) was adopted in this 

study. Ethylene glucol was used as an adsorbate 

which was adsorbed on the solids to form 

monomolecular layers on their surfaces. 

As stated earlier, for sample A, the falling head 

permeability test was used to determine its 

coefficient of permeability. During this test the 

sand specimen was soaked in water for several 

hours in order to force out all the compressible air 

present in the sand voids, until the sand was 

completely saturated. This was necessary to 

prevent volume change due to air in the sand. A 

laminar water flow was ensured under a steady 

state condition. Equation 2.1 was then used to 

compute the value of K. 

 

                                                          

2.1         

                                                                                 

Where: 

 h0 is the initial reading of standpipe, h1 is the 

final reading of the standpipe and both ho and h1 

have the same units (cm). 

The cross sectional area of stand pipe (a) with 

diameter of 4.5cm and that of soil specimen (A), 

with diameter of 10.16cm were determined from 

equation 2.2 to be 1.5 x 10
-5

 m
2
 and 8.1073X10

-3 

m
2
 respectively.   

4

2D
Area


     2.2 

Constant head permeability test was used for 

Sample B in which the cylinder diameter and 

length were 80mm and 70mm respectively. The 

permeability coefficient (K) was determined from 

equation 2.3. 

Ah

qL
K 

          2.3                                                                  

Where: 

A = Cross sectional area of the sand sample 

            L = Sample length 

            h = Head difference, and  

            q = Discharge per second 

 

The surface areas of the samples were calculated 

using the following equation: 

Surface Area = 
Gmm

mm

Lowest

Lowest 1

13

34 














      2.4 

Where:  

m1 is the weight of empty dish, m2 is the weight 

of dish plus sample, m3 (1
st
) and M3 (2

nd
) are air-

evacuated weights and m4 is the weight of dish, 

sample and Ethylene glycol. G is the weight of 

Ethylene glycol required to form a monolayer 

over 1.0 m
2
 of a solid surface = 2.8 x 10

-4
 gm/m

2

. 

 

 

3     RESULTS AND DISCUSSION

3.1     Particle size distribution 

Figure 3.1 shows the particle size distribution of 

sample A. It can be seen from this figure that the 

sand has particle sizes ranging from 0.004 mm to 

0.4 mm. It can be noticed that there was no clay 

fraction in the sand sample. 
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Figure 3.1: Particle size distribution curve for sample A 

The smallest size starts from 0.004 mm, 

which is within silt fraction. 10 % of the 

total volume was silt, ranging from 0.004 

mm to 0.063 mm. The remaining 90 % of 

the total volume falls within sand fraction 

of 0.071 mm to 0.4 mm.

 

 

Figure 3.2: Particle size distribution curve for sample B

The particle size distribution of sample B is shown in 

Figure 3.2. It can be seen from this figure that 1.3 % of the 

total volume of the sand was silt (ranging from 0.028mm to 

0.063 mm), while the remaining 98.7 % was sand (ranging 

from 0.071 mm to 0.8 mm). 

3.2     Permeability test 
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3.2.1     Falling head permeability test (for 

sample A): 
Table 3.1 shows the result of the falling head 

permeability test conducted on the soil sample 

. 

Table 3.1: Falling head permeability results 

Observation 

number 

ho 

(cm) 

h1 

(cm) 

Dt 

(s) 
k (m/s) 

1 

2 

3 

4 

5 

97.0 

99.5 

95.0 

99.5 

100 

45.0 

5.0 

10.0 

30.0 

1 

4 

19 

15 

8.8 

23 

4.507 x10-5 

3.694 x 10-5 

3.523 x 10-5 

3.198 x 10-5 

4.699 x 10-5 

 

The average permeability, k = 3.9242 X 10
-5

 m/s. 

 

3.2.2     Constant head permeability test (for 

sample B): 

Table 3.2 shows the time of collection (s), 

discharge volume (ml) and head (cm).   

 

Table 3.2: Constant head permeability results  

Observation 

Number 

Time of 

collection (s) 

Discharge 

Volume (ml) 

h 

(cm) 

1 

2 

3 

60 

60 

60 

627 

617 

615 

40.8 

41.0 

41.1 

 

From Table 3.2, Average h = 0.4097 m and 

average q = 1.0328 x10
-5

 m
3
/s 

Area, A =  

 
0050.0

4

08.0
2




  m
2
 

 

4
5

105292.3
4097.00050.0

07.0100328.1 


 X
X

XX
K

m/s 

 

3.3     Surface area measurement  

Table 3.3 shows the measured surface area values 

in this experiment

.

 

Table 3.3: Surface area values 

Sample No. m1 (g) m2 (g)  m3 1
st 

(g) m3 2
nd 

(g) m4 (g)  Area 

(m
2
/g) 

Sample A 

Sample B 

4.6930 

5.0482 

5.7424 

6.0649 

5.7423 

6.0672 

5.7417 

6.0669 

5.7455 

6.0686 

12.941 

6.0000 

 

 

 

Sample calculations: 

Sample A: 

Surface area, A = 
4108.2

1

6930.47417.5

7417.57455.5















x  

                          = 12.9410 m
2
/gram of soil 

 

Table 3.4: Average surface areas 

Sample Name Average Specific Surface Area (m
2
/g) 

Sample A (Silt Sand; 0.004 - 0.4mm) 

Sample B (Sand; 0.028 – 0.8mm) 

12.9410 

6.0000 

 

4 Conclusions

This study has shown how the particle size 

distribution affects both the particle surface area 

and the permeability of a given soil sample. For 

the two soil samples tested, the results of the 

particle size distribution indicate that sample A 

contains about 10% silt and the remaining 90% 

was found to be sand, while for sample B, only 

1.3% of the sample was silt and the remaining 

98.7% was found to be sand. In the surface area 

measurements, the average surface areas of the 

soil in the samples were found to be 12.9410m
2
/g 

and 6.00m
2
/g for sample A and sample B 

respectively. It can be noted that the surface area 

for Sample A is more than double of that Sample 



Journal of Engineering and Technology (JET) Vol 9 No. 1 February 2014 

Abdulfatah et al (2014)                                       40 

 

B. The permeability tests conducted revealed that 

sample A has a smaller coefficient of permeability 

of 3.9242 X 10
-5

 m/s while sample B has a larger 

value of 3.5292X10
-4

m/s. These results have 

indicated that the change in the particle size 

distribution (from Sample A to Sample B) has 

brought a change in the value of the permeability 

by a multiple of 10. Hence, it can be concluded 

that more percentage of fines will result in larger 

surface area and subsequently lower coefficient of 

permeability. The results of this study have 

corroborated the established theories in soil 

engineering.  

 

 

REFERENCE
 
1. Abdulfatah, A.Y., El-Hamalawi, A. and 

Wheatley, A. D. (2009). Leaching of trace metals 

   from two different size soils, Advanced 

Materials Research, Trans Tech Publications, 

   Switzerland, Vol. 62-64, pp. 197-202.  

2. Das, B.M. (2008). Advanced Soil Mechanics, 

Taylor and Francis publishers, London. 

3. Gregg, S. J. (1965). The Surface Chemistry of 

Solids, Second edition, Chapman & Hall Ltd, 

    London  

4. Head, K.H. (2002). Manual of Soil Laboratory 

Testing, Volume 2, Permeability, Shear 

    Strength and Compressibility Test, John Wiley 

and Sons, New York, USA. 

5. Lu, N & Licos, WJ 2004, Unsaturated soil 

mechanics, John Wiley & Sons, Inc. New Jersey.  

6. Saleh, A.A. (2006). The Suitability of Libyan 

Clays for use in Landfill Liners, 

    Loughborough University PhD Thesis, 

Loughborough, United Kingdom. 

7. Young et. al (1994). Yong, NR, Mohamed, 

AMO & Warkentin, BP 1992, Principles of 
    Contaminant Transport in Soils, Elsevier 

Science Publishers B.V., the Netherlands

. 

 

 

 


