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ABSTRACT: Every year, many structures are being constructed on fined-grained soils. Drainage of
these soils is necessary for constructing new or maintaining existing structures. Considering low drainage
capacity of these soils, it is required to use appropriate methods. Electrokinetic is one of these methods,
which can be used for increasing drainage in fine-grained soils effectively. In this method, two electrodes
are placed in the soil and then electrical current is established in the electrodes using a power source.
As a result, charged particles move to the electrodes with opposite charge. This mechanism causes
rapidly drainage of the soil. In this research, soil’s drainage investigated using electrokinetic method.
The charged particles moving, was investigated within the soil using mathematical equations and soil
drainage was tested in a laboratory reservoir with dimension of 180×60×60 cm3 serving electrokinetic
method. This was made by applying different voltage levels in the soil and acidic environment. Results
showed that soil bearing capacity, drainage and consolidation were increased in the Saturated fine soil
by applying electrokinetic method.

1- Introduction
Drainage in the coarse-grained soils is done easily, but
in the fine-grained soils the drainage rate is very low, and
the use of appropriate methods is necessary to increase the
drainage. One possible method is electrokinetic method.
This method aims to increase drainage in fine-grained soils
or remove heavy metal contaminants from low permeable
contaminated soils under the influence of an applied direct
current. This method were used in many researches [1-12]
to increase the fine-grained draining. In this research, the
effect of electrokinetic process on fine-grained draining rate
is investigated in laboratory scale.
2- Electrokinetic Method
The surface tension in a liquid can be calculated using
equation 1:
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equation 2 for computing surface tension between a liquid
and a solid surface as follow:

γ L cos θ= γ S − γ SL

In which, γ S is the solid surface tension,γ SL is the surface
tension between the liquid and the solid and θ is contact angle
between the liquid and the solid.
The γ SL can be easily calculated using Young equation if
the other parameters to be known. The γ SL have high value in
the fine-grained soils. Electrokinetic method is used to reduce
the value in the fine-grained soils by increasing soil drainage.
Electrokinetics refers to the relationship between electrical
potential and the movement of water and charged particles.
Effects directly related to the application of a voltage via
electrodes include: heating, electrolysis of water and other
electrochemical processes (Figure 1).

(1)

In which, γ L is surface tension, is binding energy in a
molecule, Lmol is the distance between molecules, h is
the specific heat of evaporation, m is the mass of a single
molecule and ρ is the density of molecules. Young presented
Figure 1. Electrokinetic phenomena
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3- Material and methods
In this research, a device with two copper electrodes (anode
and cathode), variable voltage power source, extension cord
and a container with dimensions of 180×60×60 cm3 were
constructed (Figure 2).

As shown in Figure 3, the drained water for voltages lower
than 15 V were zero in the experiment 1. In the voltages of 20
and 40 V the drained water were 0.1 and 0.5 lit, respectively,
which were low values and the presence of polika pipe was the
main reason of this observation. In the experiment 2, drainage
rate for applied voltages of 4 and 40 V were 0.52 and 1.49 lit,
respectively. Also, the soil in the container was consolidated
10 cm (Figure 4). In the experiment 3, the drained water in
voltages of 4 and 40 V were 1.53 lit and 4 lit, respectively, and
the soil was consolidated 15 cm. Obtained results of partially
saturated soils showed that the electrokinetic method haven’t
effect on the rate of water drainage in the soil and drained
water was approximately zero.

Figure 2. Electrokinetic device

In the first step of experiments, the soil was poured into
the container and saturated with water. Then, six experiments
were performed in two (soil and water) and three phases
(soil, water and acid) environment in saturated and partially
saturated conditions which was taken placed electrodes
directly or indirectly. The voltage of 4, 6, 8, 10, 15, 20, 30,
and 40 V were applied in each experiment and observations
were made. The effect of acid presence were investigated in
some of the mentioned experiments. The acid used in this
research was sulfuric acid with molecular weight of 98 gr/
mol, density of 1.28 gr/cm3, melting point of 10 ̊C and boiling
point of 337 ̊C. The experiment time was varied between 1
and 7 day.
4- Results and Discussion
Six experiments were performed in this research for saturated
and partially saturated soils. Here, results of saturated
condition were presented (experiments 1-3). In experiment 1,
electrodes were placed inside a polika pipe within the soil. In
the experiment 2, electrodes were placed in the soil directly.
In the experiment number 3, electrodes were directly placed
in the soil which blended with sulfuric acid. The diagram of
obtained results is shown in Figure 3 in which the amount
of drained water is drawn versus applied voltage for three
experiments. The voltage varied between 4 and 40 V.

Figure 3. Electrokinetic phenomena

Figure 4. Consolidation of the soil in experiment 2
and voltage of 40 V as a result of draining

5- Conclusion
The increase in the drainage rate and rapid movement of
particles within a fine-grained soil using electrokinetic method
was confirmed in this research. Results showed that soil
bearing capacity, drainage and consolidation were increased
in the fine-grained saturated soil by applying electrokinetic
method and the soil drainage increases in the presence of
sulfuric acid comparing with sample which sulfuric acid was
not added to it.
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