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ABSTRACT 

Many environmental issues involve transport of contaminants in unsaturated porous soil 
media. Unsaturated flow plays a significant role in wastewater infiltration and treatment. 
Transport of contaminants in unsaturated porous subsurface media is of significant 
importance due to the risks which contaminants pose to the environment. Mechanics of 
unsaturated soils is perhaps the most important issue in prediction of unsaturated flow 
including contaminant transport in the environment. The SWCC, “soil water characteristic 
curve”, can be used to determine various characteristics of the unsaturated soil media. In fact, 
it illustrates the relationship between soil suction and moisture content. Experimental methods 
for assessment of the SWCC are often time consuming and expensive. The SWCC can be 
estimated using specific characteristics of soils to avoid the costs of experimental methods. 
This paper aims at demonstrating that the SWCC for cohesive soils can be estimated using the 
PI, fine content, initial void ratio and the Van Genuchten equation.  
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1 INTRODUCTION 

Unsaturated soil mechanics is increasingly attracting scientific attention, playing an important 
role in the prediction of contaminant transport in porous soil media. Unsaturated flow plays a 
significant role in wastewater infiltration and treatment. Mechanics of unsaturated soils is 
perhaps the most important issue in prediction of unsaturated flow including contaminant 
transport in the environment. The soil-water characteristic curve, “SWCC”, has also played a 
significant role in the study of unsaturated soils [1]. Knowledge of the soil water 
characteristic curve is fundamental for understanding unsaturated soils [19]. The SWCC 
illustrates the relationship between soil suction and moisture content. Fredlund and 
Morgenstern (1977) showed that the shear strength of unsaturated soils can estimated by any 
two of three stress variables including soil suction. 

The direct methods of suction evaluation are often time consuming, requiring expensive 
laboratory tests. Studies show that the SWCC can be estimated using characteristics of soils. 

https://doi.org/10.15626/Eco-Tech.2010.110
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The measurement of soil parameters used to describe behaviour of unsaturated soils is 
expensive, difficult and often impractical to obtain [6].  

Figure 1 illustrates several approaches which can be taken to determine unsaturated soil 
property functions. Measurement of the soil-water characteristic curve for a soil can be used 
as an indirect laboratory test to compute an unsaturated soil property function [7]. 

 

Figure 1.  Approaches that can be used in the laboratory to determine the unsaturated soil 
property functions [7]. 

The SWCC shows the relationship between soil suction and either the degree of saturation or 
the volumetric water content. The volumetric water content is the ratio of the water volume to 
the total volume as follows: 
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Where θ is the volumetric water content; VW, volume of the water within the soil; Vt, total 
volume of the soil; VV, volume of the pores within the soil; S, degree of saturation; n, porosity 
ratio; e, void ratio. 

Figure 2 describes a typical plot of a soil-water characteristic curve which consists of three 
stages: capillary saturation, de-saturation and residual saturation. When the suction value 
exceeds the air-entry value, the degree of saturation decreases rapidly at relatively low suction 
values and then reduces more gradually when the suction becomes high [7].  
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Figure 2. Typical SWCCs [7]. 

Both empirical and theoretical investigations indicate that the SWCC is an essential element 
in unsaturated soil modelling and it is hysteretic in nature, owing to the energy dissipation 
during moving fluids in or out of the soil [14].  

Many characteristics of unsaturated soils such as the coefficient of permeability, shear 
strength, pore size distribution and water content at any suction, can be obtained from the 
SWCC. Many researchers have tried to predict the SWCC, Gardner (1956), Brooks and Corey 
(1964), Brutsaert (1966), van Genuchten (1980), McKee and Bumb (1987), Burdine (1953), 
Mualem (1976), Kosugi (1994), Fredlund and Xing (1994). However there is still a need for 
further research on prediction of the SWCC since most of the models can not predict the 
SWCC accurately.  

Zapata (2000) categorizes the predictive algorithms that can predict the SWCC based on grain 
size distribution and soil characteristics into three major approaches: 

1- The approach which is based on statistical estimation of water contents at selected matric 
suction values. 

2- The approach which includes the methods which correlate, by regression analysis, soil 
properties with the fitting parameters of an equation which represents the SWCC. 

3- The approach which includes the methods that estimate the SWCC using a physics based 
conceptual model. 

This paper aims at explaining that the SWCC of cohesive soils can be predicted using the PI, 
initial void ratio, fine content and the Van Genuchten (1980) equation.  

2 VAN GENUCHTEN EQUATION 

The Van Genuchten equation (1980) is widely used due to its flexibility. It can be written as 
equation 2. In this equation parameter b corresponds to the pore size distribution index. 
Parameter a does not affect the curve shape, but shifts the curve towards the higher or lower 
suction regions of the plot, parameter c is related to the asymmetry of the curve; a smaller c 
corresponds to a moderate slope in low suction range and a steeper slope in high suction range 
[11]. The equation introduced by Van Genuchten (1980) has been used in this study. 
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Where S is the degree of saturation and ψ is soil suction. 

Zapata (2000) suggested that of cohesive soils, the product of the percentage passing # 200 
sieve, as a decimal, multiplied by the PI as a percentage, can be used to form the weighted PI, 
“W.PI”. The equilibrium soil suction at a given degree of saturation is expected to be 
proportional to the specific surface area of the soil. The PI is a fair indicator of surface area 
and the use of PI alone can be considered. However, a soil with a small percentage of highly 
active clay would have a high PI but only a moderate specific surface area. Therefore, the 
weighted PI (W.PI) can be considered a better index of soil particle surface area for predicting 
the Soil-Water Characteristic Curve [22]. 

The smaller the initial void ratio, “e”, the higher the air-entry value, “AEV”, and the higher 
the residual degree of saturation as well [12]. The air-entry value and the residual degree of 
saturation can be expressed together by void ratio, “e”, using empirical relationships. The air-
entry value is an important parameter for partially saturated soils since the degree of 
saturation starts to drop rapidly when the suction exceeds the AEV. The denser the soil, the 
higher the AEV, which implies that for soils with low void ratio values, small changes in 
degree of saturation can be assumed at low suctions [11].  

3 ESTIMATION OF THE SWCC FOR COHESIVE SOILS 

The following equations have been driven by fitting the Van Genuchten Equation (1980) to 
experimental observations. The parameters a, b, and c, are assumed to be functions of the PI, 
initial void ratio and the percentage passing  sieve # 200 (see equation 2). 

( ) ( ) ( ) 813.11))+75).(1/Ln(0.4.118.(1.5871.0.1028.0.0015.0 23 +−+++= eWPIWPIWPIWa   
(3) 

( ) ( ) 76987.1.01358.0.00011.0 2 +−= PIWPIWb                                                                         
(4)

( ) ( ) 14745.0+)+).Ln(0.750.376.(1.00014.0.105 26 eWPIWPIWc −+−×−= −                               
(5)

Where W is the percentage passing sieve # 200; e, initial void ratio;  PI, plasticity index as a 
decimal. 

Results from these equations have been compared to those from experimental observations. 
Figures 3 through 7 show the results. Table 1 shows the characteristics of the soils and the 
parameters of the Van Genuchten equation, calculated using the above equations. 
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Table 1. The Characteristics of the Soils and the Parameters of the Van Genuchten Equation. 

Parameters of Equation (2) 
Soil  γd 

(gr/cm3) 
 PI 
(%)  W e 

a b c 

Madrid Gray Clay 1.33 31 0.98 1.03 166.73 1.467 0.143 

Red Silty Clay 1.80 14 0.83 0.48 38.25 1.627 0.158 

Madrid Clayey Sand 1.91 8 0.13 0.38 41.85 1.756 0.18747 

Fountain Hills Clay 1.14 35 0.92 1.386 261.2 1.46 0.158 

Price Club Clay 1.33 4 0.536 1.053 16.79 1.741 0.249 
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Figure 3. Experimental and Estimated SWCCs  (Madrid Gray Clay). 
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Figure 4. Experimental and Estimated SWCCs  (Red Silty Clay). 
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Figure 5. Experimental and Estimated SWCCs (Madrid Clayey Sand). 
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Figure 6. Experimental and Estimated SWCCs (Fountain Hills Clay). 

 

0%

20%

40%

60%

80%

100%

1.E-01 1.E+00 1.E+01 1.E+02 1.E+03 1.E+04 1.E+05 1.E+06

Soil Suction (kPa)

D
eg

re
e 

of
 S

at
ur

at
io

n 

Experimental Data (Zapata, 1999)

 Van Genuchten

 

Figure 7. Experimental and Estimated SWCCs (Price Club Silt). 

As illustrated, the estimated results are in a relatively good agreement with those of 
experimental observations.  
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4 CONCLUSIONS 

Three equations have been developed through fitting the Van Genuchten equation (1980) to 
experimental results to show that the SWCC of cohesive soils can be predicted using the PI, 
fine content, initial void ratio and the Van Genuchten equation. Results show that for cohesive 
soils, the parameters of the Van Genuchten equation,  “a”, “b”, and “c”, are functions of the 
PI, initial void ratio and the percentage passing # 200 sieve. 
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