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1. Introduction

One of the most important behaviors of some clay soils is
susceptibility to volume changes that can happen
independently of loading due to changes in water content.
These volume changes (i.e., swelling or shrinkage) can give
rise to a ground movement that may result in damage to the
building. Low-rise buildings are particularly vulnerable to
such ground movements since they usually do not have
enough weight or strength to resist. These soils also
represent a problem when they are encountered in road
construction, and shrinkage settlement of embankments
composed of such clays can lead to cracking and breakup of
the roads they support. The potential of volume change of
these soils dependents on the initial water content, initial
density or voids ratio, type, the amount of clay minerals, and
the surcharge pressure. Expansive soils are usually in
unsaturated condition and have two components of suction,
namely matric suction and osmotic suction. Matric suction
can be considered as the negative pore water pressure due to
the surface tension effects. Osmotic suction is resulted from
dissolved salt concentration in the pore water. Before
soaking, the sample is in unsaturated condition. Soaking it,
water flows from the reservoir to the sample and initial
matric suction begins to reduce to a point in which full
saturation is achieved. The osmotic suction is appeared in
the sample upon reaching nearly full saturation condition.
Total suction is composed of matric and osmotic suctions.
Reviewing related literature shows that the studies on the
potential and pressure of swelling soils are nearly rare at
different matric suction. Therefore, the main aim of this
study was to investigate the effect of different chemical pore
fluids on the potential and pressure of swelling at different
suctions. Experimental tests were conducted on the samples
with different pore fluids (i.e., distilled water and solution
of NaCl and CaCl,) that were wetted by distilled water. The
potential of swelling and swelling pressure of wetted
samples were measured at different water content and then
converted to the suction through the Soil-Water
Characteristic Curve (SWCC) that was established for each
chemical quality of pore fluids. Finally, the results of this

study are presented in terms of swelling potential and
pressure and matric suction.

2. Materials and methods

A suitable soil for this research work would be highly
expansive clay. A number of kaolin-bentonite mixtures with
different percentages were selected and tested. Finally, a
mixture of 80% kaolin and 20% bentonite was chosen for
this work. Hereafter, this mixture will be simply referred to
as soil. The physical, mechanical, and chemical of this soil
were determined. According to the Unified Soil
Classification System (USCS) this soil was classified as
clay with high plasticity.

The standard compaction tests were performed on soil
with different pore fluid qualities (a. distilled water, b. 250
g/L NaCl solution, and c. 250 g/L CICI, solution) and
compaction curves were established for each pore fluid.
Then for each sample, the required water with 5% less than
optimum water content corresponding to the compaction
curve was added to a specific weight of dry soil and mixed
by hand. The prepared mixture was kept in a plastic bag for
24 hours for uniform distribution of water content. The
static compaction technique was used for preparing the
samples. Static compaction was conducted on the selected
moist soil in a special mould by applying static pressure
using a loading machine. The dimensions of the mould were
exactly the same as the oedometer ring and were
accommodated by detachable collars at both ends.

The matric suction of samples with different pore fluids was
measured by using the filter paper method and SWCC was
determine for each of them.

A conventional oedometer was used for conducting the
tests. The prepared sample was placed in the ring between
two porous stones with the load plate resting on the upper
stone. Then it was wetted with distilled water. The value of
swelling potential and pressure were measured at different
time of wetting. At the end of each test, the water content of
the sample was also measured. The experiments were
repeated three times to ensure the results. The SEM tests
were also performed on samples before swelling and after
the free swelling test to get data about the microstructure of
samples with various pore fluids.

3. Results and discussion

The vertical deformation of the samples was measured
during each test and it was expressed as a percentage of the
initial height at the beginning of the test (i.e., AH/Hx100).
By plotting the percent of deformation against time, the
trend of variations in swelling for each pore fluid was seen.
The swell-consolidation method (ASTM D4546-08) was
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used for determining the swelling pressure. Once completed,
the sample is compressed through a consolidation test. The
pressure needed to compress the sample back to its initial
void ratio or height is considered the swelling pressure. The
values of free swelling for distilled water, NaCl and CaCl;
solution after 226 hours are 26.6, 29.7, and 26.2%,
respectively. Their swelling pressures also were determined
600, 617.5, and 583.5 kPa. Moreover, the solution of NaCl
causes increasing free swelling and swelling pressure 11.5
and 2.95% in comparison with distilled water as pore fluid.
But the CaCl, causes reduction in the values of free swelling
and swelling pressure as 1.5 and 2.75% in comparison with
distilled water. It can be said that the physical and chemical
behaviors of pore fluid such as pH, temperature, dielectric
constant, and kind of ions are effective in swelling behaviors
of soil. The calcium ions bind to the soil particles more
stronger than sodium ions and result in increasing the degree
of pasting particles to each other as shown in SEM results.
This condition leads to the reduction of swelling in
comparison with NaCl solution. The reasons can be used to
explain the effect of distilled water on swelling parameters
as well.

The results of SWCC for soil samples with different
chemical pore fluids show that for given water content, the
sample with NaCl as pore fluid has more suction than the
other pore fluids. Changes in the ion concentration affect the
changes of suction in soil sample. The ion concentration of
NaCl and CaCl, is more than distilled water. Therefore, the
produced suction in samples with other used pore fluid also
is greater.

As it was explained the many free swelling and swelling
pressure tests for different specific times were conducted on
samples with the desired pore fluid. Then the water content
of each sample was measured after the test and it was
changed to suction by using the corresponding SWCC.
Figure 1 shows the variations of percentage of swelling for
samples with different pore fluids. It is seen from this figure
that for all pore fluids, the potential of swelling is reduced
by increasing suction. The results also show that at high
suction, the behavior of samples with NaCl and CaCl; as
pore fluid are close to each other. By reducing the suction,
the percent of swelling for distilled water and CaCl, are
nearly the same. It is seen from Figure 2 that by increasing
the suction, the swelling pressure decreases for all pore
fluids. The results also show that at high suction, the
swelling pressure of the sample with CaCl, is more than
distilled water but at low suction, the opposite is seen. It can
be said that at high suction the calcium and sodium ions
make strong bonds between the particles in comparison to
distilled water which has resistance against loading as seen
in SEM results.
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Figure 1. Variations of percentage of swelling with matric
suction for samples with different pore fluids
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Figure 2. Variations of percentage of swelling pressure with
matric suction for samples with different pore fluids

4. Conclusion
The main conclusions drawn from this study are as follows:

- Potential and swelling pressure of an expansive soil are
dependent on the chemical quality of pore fluid. These
parameters are a function of water content or suction;

- Comparing the results of used pore fluids revealed that
at given suction, the amounts of percentage and
pressure of swelling for NaCl are more than CaCl, and
distilled water.

These results can be considered as a guide to the
economics of their improvement method.
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