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ABSTRACT
The Soil-Water Characteristic Curve (SWCC) is central to the behavior of unsaturated soil. It is
generally expressed in terms of a graphical relationship between soil suction and water content (or
saturation). The parameters defining this SWCC are important input for unsaturated soil modeling. It
is believed that each soil has got a unique SWCC and hence, unique SWCC parameters, that may get
influenced by different factors. However, there are not many studies that deal with the changes in
drying SWCC parameters of soil due to the addition of fly ash. With this in view, the present study
aims to investigate the variation of SWCC parameters due to the mixing of fly ash with a locally
available sandy soil.  It can be noted that the fly ash has been used to improve the growth some
plants by providing some essential nutrients and fly ash mixed soil remain in an unsaturated state for
most of the cases. SWCCs have been obtained for sand and sand-fly ash mix using a tensiometer and
volumetric water content sensor. The details of the methodology adopted in this study are presented
in the paper. Based on the test results, the changes in the SWCC parameters of sand due to the
addition of fly ash are analyzed.
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INTRODUCTION
The unsaturated soil behavior is of prime
importance in many of the geoenvironmental
problems associated with landfill covers,
contaminant spill remediation and mine
reclamation1,2. The basic characterization of
unsaturated soil is based on the development of a
graphical plot between soil suction and water
content (either gravimetric or volumetric) or soil
saturation3,4. Such a graphical plot is popularly
known as Soil-Water Characteristic Curve
(SWCC). The review of literature indicates that
unsaturated soil properties such as strength,
compressibility, flow of water/ liquid/gas,
contamination transport, heat migration, chemical
diffusivity, chemical adsorption are determined
based on SWCC1,5,6.
The reliability of unsaturated soil modeling depends
on its accurate determination of SWCC. The

parameters defining these SWCCs are crucial
input for irrigation planning, crop yield modeling,
hydrological simulation and solute transport
simulation through the vadoze zone. However,
there are not many studies that deal with the
changes in SWCC parameters of soil due to the
addition of fly ash. Fly ash, a coal combustion
residue of thermal plant, has been regarded as a
problematic solid waste all over the world.
However, it can be noted that the fly ash has been
reported to improve the growth of some plants by
providing some essential nutrients7-9.  The
influence of such additions on SWCC parameters
of parent soil needs to be understood. In view of
this, experiments were conducted on a locally
available sandy soil and sandy soil mixed with an
Indian fly ash to investigate the variation of
SWCC parameters. For this purpose, drying
SWCCs corresponding to different initial
compaction conditions were obtained for a sand*Author for correspondence
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and sand-fly ash mixture using a tensiometer and
a volumetric water content sensor.
Theoretical background
Soil specific parameters for a typical drying
(desorption) SWCC are10 :
(1) The volumetric water content at saturation,
θs, which is the water content at which the soil is
completely saturated and typically depicts the
initial condition for the drying path,
(2) Air-Entry Value (AEV), which is defined as
the suction at which air starts entering the largest
pores present in the soil sample, and
(3) Residual water content (θr), defined as the
water content below which water content changes
are minimal as suction changes.
In this study, the SWCC is represented by Van
Genuchten11 equation represented by eq.1.
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where  (h) is the volumetric water content at
pressure h;  s is the saturated volumetric water
content;  θr is the residual water content;   and
n are empirical fitting parameters.
For estimating Van Genuchten SWCC parameters,
computer code RETC, version 6.02 has been
used.11

AIMS   AND   OBJECTIVES
The study indicates that the addition of fly ash to
sandy soil changes the SWCC parameters of
sand.

MATERIAL     AND    METHODS
A locally available river sand designated as SA
and commercially available fly ash designated as
FA were used in this study, which are
characterized for their specific gravity and grain
size distribution following the guidelines reported
in the literature12,14.  The results of these
characterizations are presented in Table 1.

Table 1 : Physical properties of the soil (SA) and fly ash (FA)

The air-dried sand was mixed with required
amount of distilled water and compacted into the
perspex mold of 12 cm diameter and 15 cm height,
by giving different number of blows to achieve
required packing dry unit weight (  d). The
prepared soil sample was saturated by ponding it
with distilled water and further removing the
excess solution on top. After saturating the soil
sample, T5 tensiometer and ECH2O-TE
volumetric water content sensor (Decagon Inc.,

USA) were inserted into the packed soil sample.
The details of these sensors and the test set up
employed for the present study were reported in
the literature15. The soil sample was then allowed
to air dry and ym and volumetric water content
( ) of the sample were continuously recorded
using the respective data loggers. These data were
used to obtain Soil-Water Characteristic Curve,
SWCC1 of sand. For preparing fly ash mixed soil,
the air-dried sand was mixed with required amount

                        Property SA FA

    Specific gravity 2.66 2.12

                                                     Particle size characteristics

    Coarse sand size (4.75-2 mm) 0 0

    Medium sand size (2-0.425 mm) 38 2

    Fine sand size (0.425-0.075 mm) 60 34

    Silt size (0.075-0.002 mm) 2 64

    Clay size (<0.002 mm) 0 0
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Fig. 2 : Drying  SWCC of sand  SA2

fly ash and SWCC was developed as mentioned
above.15

RESULTS   AND  DISCUSSION
The data obtained from the T5 and ECH2O-TE
measurements were used to plot the SWCCs

corresponding to different compaction states for
the soil SA and the sand-fly ash mix, as depicted
in Fig. 1 to Fig. 4. The SWCCs are in terms of
measured volumetric water content (θ) and matric
suction ( m).

Fig. 1 : Drying  SWCC of sand  SA1

 w= 9.91 % yd = 13.80 kN/m3

(kPa)

(kPa)
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Fig. 3 : Drying SWCC of  SA-FA  (70:30) mixture

Fig. 4 : Drying SWCC of  SA-FA (30:70) mixture

(kPa)
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It can be noted from the figures that different
initial paths are followed  by the SWCCs
corresponding to different compaction state.

Comparison of SWCC parameters of sand
(SA1) and sand-fly ash (70:30) Mixture
Fig. 1 and Fig. 3 shows the measured SWCCs
of sand (SA1) and sand-fly ash (70:30) mixture
respectively. The initial compaction water content

(w) of sand-fly ash mixture is close to the initial
compaction water content of sand. The Van
Genuchten SWCC model parameters of sand and
sand-fly ash mixture obtained by fitting the SWCC
equation to the measured SWCC using computer
code RETC, version 6.02 are listed in Table 2. It
can be noted from the Table 2 that the residual
water content,  θr, the saturated water content,
θs and the parameter, n of sandy soil increases due

      SOIL θr θs α          n

  SA1 0.05081 0.3289 0.0483      2.512

  SA-FA  (70:30) 0.0848 0.3392 0.1319      1.382

  SA2 0.0556 0.2806 0.0319      2.752

  SA-FA  (30:70) 0.0894 0.3506 0.0971      1.377

Table 2 : Van Genuchten SWCC  parameters for the soil (SA) and sand-fly ash mixture

to the addition of fly ash. The value of other
SWCC parameter,   of sand-fly ash mixture is
found to be smaller than sand.
Comparison of SWCC Parameters of sand
(SA2) and sand-fly ash (30:70) mixture

Fig. 2 and Fig. 4 shows the measured SWCCs
of sand (SA2) and sand-fly ash (30:70) mixture
respectively. The initial compaction water content
(w) of sand-fly ash mixture is almost equal to the
initial compaction water content of sand. The Van
Genuchten SWCC model parameters of sand and
sand-fly ash mixture obtained by fitting the SWCC
equation to the measured SWCC using computer
code RETC, version 6.02 are listed in Table 2. It
can be noted from the Table 2 that the residual
water content,  θr, the saturated water content,
θs and the parameter, n of sandy soil increases due
to the addition of fly ash. However, the value of
the other SWCC parameter, n of sand-fly ash
mixture appears to be smaller than sand.
Therefore it can be summarized that the SWCC
parameters of a sandy soil change due to the
mixing of fly ash.

CONCLUSION
The study deals with an investigation on the
variation of Soil-Water Characteristic Curve

(SWCC) parameters of a locally available sandy
soil due to the addition of fly ash. The SWCCs
were obtained using T5 tensiometer  and
ECH2O-TE volumetric water content sensor for
a locally available sandy soil and sand-fly ash
mixture. The SWCC parameters of Van
Genuchten model were obtained by fitting the
SWCC equation to the experimental data using
computer code RETC, version 6.02. The study
indicates that the Van Genuchten SWCC
parameters of the sandy soil vary due to the
addition of fly ash.

REFERENCES
1. Fredlund D. G. and Rahardjo H., Soil

mechanics for unsaturated soils, John Willey
and Sons, 2ndEd. New York, (1993).

2. Sreedeep S., Modeling contaminant transport
in unsaturated soils, Ph. D  thesis, Department
of Civil Engineering, Indian Institute of
Technology Bombay, India, (2006).

3. Aitchinson G. D., Relatioship of moisture and
effective stress functions in unsaturated soils,
Proc. Conf. Pore Press. Suct. Soils, London,
47, (1961).

4. Richards B. G., Behavior of unsaturated soils,
Soil mechanics-new horizons, American
Elsevier, 6th Ed., 112, (1974).



977

Journal of Environmental Research And Development Vol. 5 No. 4, April-June  2011

5. Yang H., Rahardjo H. and Fredlund D. G.,
Factors affecting drying and wetting soil-
water characteristic curves of sandy Soils,
Can. Geotech. J., 41(5), 908, (2004).

6. Rao B. H. and Singh D. N., Establishing soil-
water characteristic curve of a fine-grained
soil from electrical measurements,
J. Geotech.  Geoenviron. Eng. , 136(5),
751, (2010).

7. Carlson C. L. and Adriano D.  C.,
Environmental impacts of coal combustion
residues, J. Eviron. Qual., 22(2), 227, (1993).

8. Roberts F. J., The effects of sand type and
fine particle amendments on the emergence
and growth of subterranean clover (Trifolium
subterraneum L.) with particular reference to
water relations, J. Agr. Res., 17(3), 657, (1966).

9. Summer R. M., Clarke M., Pope T. and
O’Dea T., Western Australian fly ash on sandy
soils for clover production, Communicat. Soil
Sc. Plant Anal., 29(17/18), 2257, (1988).

10. Hillel D., Fundamental of soil physics, academic

Press, Inc., San Diego, Calif,   494, (1980).
11. Van Genuchten M. T., A closed form equation

for predicting the hydraulic conductivity of
unsaturated soils, Soil Sc. Soc. Am. J., 44(5),
892, (1980).

12. IS: 2720 : Part III : Sec 2 : Indian standard on
test for soils, Part III, Determination of
specific gravity-Sec 2 : fine, medium and
coarse grained Soils, Bureau of Indian
Standards, New Delhi, (1980).

13. Vidivelli  B. and Mageswari M., Study on
flyash concrete using SEM analysis, J.
Environ. Res. Develop., 5(1), 46-52, (2010).

14. IS: 2720 : Part  IV: Indian standard methods
of test for soils,  Part 4 grain size analysis.,
Bureau of Indian Standards, New Delhi,
(1985).

15. Malaya C. and Sreedeep S., A study on the
influence of measuring procedures on suction-
water content relationship of a sandy soil,  J.
Test. Eval., 38(6), 1, (2010).


