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The Influence of Electroosmosis on Compressibility of Tanon’s Clay
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Abstract—Clay soils have a tendency to have high water content, high plasticity, long decline time, low permeability, and low bearing
capacity. This study aims to determine the effect of electro-osmosis on clay soil compressibility. This research employed clay taken from
Tanon, Sragen, Central Java. Electro-osmosis testing is carried out by physical model experiments using variations in the distance
between the electrodes, which are 30 cm and 45 cm, as well as variations in the potential difference of 0; 4,5; 9; 12 volts. The physical
model of box-shaped electro-osmosis is 50 x 30 x 15 cm. The test results show that electro-osmosis can reduce the compressibility of clay
soil. This can be seen in the compressibility index (Cc) value of the soil, which experienced the greatest decrease reaching 60% compared
to the land that was not electroosmosed. The greater the value of soil water content, the greater the compressibility of the soil. Soil strain
is reduced by 35% compared to unelectroosmotic soil. The modulus of elasticity (Eedo) of the soil increased by 137%. The most water
volume that comes out is 94 ml at a voltage of 12 volts and a distance of 30 cm. The process of electro-osmosis is influenced by the
distance and potential differences that are given. However, the most influential factor is the distance between the electrodes. This
research proves that the electro-osmosis process can reduce the compressibility of clay soil.
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by reducing the pore water on the soil by the various types of
I. INTRODUCTION soil improvement methods. The soil will be conducted by an
electrical current that attracts the water and transporting it
from the positive electrode to the negative electrode. Soil
strength depends on the effective stress and the tension
between the grains of the soil. This appears to be a sentence
fragment. Consider rewriting it as a complete sentence.
Hence, the reduction in pore water stress will be increasing
the effective stress and soil strength [1], [3]-[10].
Consolidation is a process of discharging pore water in low
permeability soil due to the increase in loading. During the
loading increment, pore pressure increases, pore water is
expelling, and soil volume decreases. The volume change
which occurs during consolidation takes place only in the
voids. The pore volume initially filled by air and water
becomes smaller due to the applied stress makes the soil
becomes denser. The value of the change in soil volume at
inevitable stress can represent the soil's stiffness. The smaller
the value of the changes that occur, the more rigid the soil,
and the greater the value of soil volume changes, the softer
the soil [11]-[14].
Every material must have a shrinkage due to the pressure
received. Likewise, the soil has compressibility, especially in
clay soils with high water content. Soil compressibility is the

The growth of the high population in Indonesia drives the
demand for infrastructure to be increased. Not all of the land
can be used directly to construct buildings. Some types of soil
would have adverse characteristics if a building was built on
it. Before construction begins, the soil should be stabilized to
increase the soil's strength and reduce the possibility of
settlement. There are many types of soil improvement in civil
engineering, and it depends on the needs in the field.

Java island is dominated by clay which has a tendency to
have problems with the climate in Indonesia. During the rainy
season, the ground will lose its strength, and during the dry
season, the ground will break and make buildings damaged.
Clay soils with high water content are more dangerous and
have a unique treatment to prevent building damage. Most
clay soils with high moisture content have low-end strength,
are easily deformed, have low permeability, and high
compressibility [1]-[4].

Soil improvement in a broad sense shows a
procedure/method used to change one or several soil
properties to increase its engineering properties. The primary
purpose of soil improvement is to increase the soil's strength
[5], [6]. The drainage method is used to increase soil strength
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ability of the soil to change in volume due to the pressure
above it. parameters that affect the compressibility of the soil
are [15]:

« compression coefficient (ay)

« volume change coefficient (m,)

e compression index (Cc)

Further, compressibility represents the amount of
settlement of the area that would happen or take place. Soft
soils, such as alluvial silt and clays, are too weak to carry any
but lightest foundation loads unless the shear strength is first
increased by consolidation [3], [16]. Therefore, this study was
made to determine the influence of electro-osmosis on clay's
compressibility, especially in Tanon, Sragen, Central Java.

II. MATERIALS AND METHOD

A. Clay

The clay was brought from Desa Jono, Sub District of
Tanon, Sragen, Central Java. The disturbed soil from Desa
Jono was taken to the laboratory by cleaning the topsoil and
take it about 0.5 — 1 m depth. Laboratory testing might be
applied to know the soil properties and the result of soil testing
shown in Table 1.

TABLEI
INDEX PROPERTIES OF TANON’S SOIL
No. Soil Testing Unit Result
1 Water content % 43.80
2 Bulk density gr/cm? 1.77
3 Specific Gravity - 2.61
Grain-size Analysis
a. Gravel % 0.02
4 b. Sand % 6.98
c. Silt % 39.45
d. Clay % 53.55
Atterberg Limit
a. Liquid Limit (LL) % 83.76
5 b. Plastic Limit (PL) % ’
. 33.85
c. Plasticity ~ Index % 4991
(PI) '
6  USCS Classification - Clay of high plasticity

B. Electoosmosis

Electroosmosis is a simple method of drainage. This
method was conducted in the laboratory by using a box with
dimensions of 50 cm x 30 cm x 15 cm. Copper plates with a
diameter of | mm holes and 1 cm distance each hole were
acted as anode and cathode. The anode and the cathode were
installed in two variations of distance. At first, anode and
cathode would be installed in 30 cm and then installed in 45
cm. The function of this plate is to transport the electric
current to the soil.

The sample taken from the field was dried up and filtered
with sieve no.4 (4,75 mm). Mixing the sample with water
until the soil saturated. Put the sample on the box and flatten
it. Plastic wrap was placed on the top of the box to prevent
evaporation during the electro-osmosis process. The electric
currents were used in this study were divided into four
variations that were 0, 4.5, 9, and 12 volts. The electrical
currents were applied throughout electrodes to pass through
the soil, and the liquid move from the anode to the cathode.
The experiment lasted for 72 hours, and the water was
collected into the glass. The volume of water was measured

every 24 hours. The schematic configuration of the electro-
osmosis test is shown in Figurel.

Glass Box

(50 x 30 x 15 cm) = \\\ Chopper Plate (cathode)

@xleOlc’m

Clay Soil

Beker Glass

Chopper Plate (anode)

30x 15%0.2 cm Adaptor

Fig. 1 Schematic configuration of the electro-osmosis test

When an electric current is conducted to the soil, there are
electrolysis proses during the electro-osmosis. Electrolysis is
a process of splitting up water molecules [17],[21],[22]. The
process of electrolysis is shown as the following equation (1)
and (2).

Anode: 2H,0 —4e~ - 4H"+ 0,1 (D)

Cathode ::2H,0+2e~ - 2(OH)" +H, 1T (2)

Equation (1) and (2) shows that the electro-osmosis process
produces oxygen and hydrogen. This phenomenon of
releasing oxygen and hydrogen could be changing the degree
of acidity of the soil.

C. Consolidation modification

The method of consolidation in this study was referred to
ASTM D2435 with a modification. The modification means
consolidation test was tested without using water because the
sample was assumption as saturated soil and to kept the water
content the same as the condition after the electro-osmosis
process. The sample was loaded axially with stress increments.
Each stress increments was applied by doubling the pressure
to obtain values approximately 50, 100, 200, and 400 kN/m?.
The plasticine shall be applied to prevent change in
specimen’s water content due to evaporation. The mass of the
specimens should be measured before each pressure
increment is applied.

Fig. 2 Modified consolidation test
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The compression index (C;) is equal to the field
consolidation curve slope plotted to the logarithmic scale of
pressure in the linear range.

_ Ae _ [ei1—ep
Ce = Alogp (logz—i> 3)
The coefficient of volume compressibility (my) is the

change in volume per unit volume for each unit of change in
stress and this value can reflect the soil's consistency.

a 1 Ae
m, == L (-2) @
1+eq 1+eq Ap

The oedometric modulus (Eocdo) is the ratio between strain
and stress of the material and the value was representing soil
consistency or stiffness.

Aot 1

Epeg =—=— (5

Ae my

III. RESULT AND DISCUSSION

A. The Effect of Electroosmosis on Total Water Output

At the electro-osmosis processing stage, the volume of
water output was measured every 24 hours. After being
conducted with an electric current in 72 hours, the total water
output was calculated. The recapitulation of total water output
is shown in Fig 3.
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Fig. 3 The water volume flow

Figure 3 shows the total water output between the group
with electro-osmosis in 30 cm and 45 cm electrode distance.
The soil without electro-osmosis remains unchanged after 72
hours. The soil with electro-osmosis keeps growing, total
water output is related to the amount of electrical current. Fig
2 shows that the total water output value increased along with
increasing electric current [17], [28]. On the other hand, the
electrodes' distance affects the total water output during the
electro-osmosis process. The electro-osmosis with a 45 cm
electrode distance showed the total water discharge is lower
than the electro-osmosis with a 30 cm electrode distance.

The sample with a 30 cm distance of electrode released the
higher volume of water output in 24 hours, and the volume
water output getting decreased in the following 24 hours. In
the 48 hours, the total water output grows up with
insignificant value and going up in 72 hours. The distance
between the electrodes affected the time electron transported
the water to the cathode. The other factor affecting the electro-
osmosis process is the distance between the electrode. The
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total water output increased along to the shortest distance of
the electrode.

It was known that the most affecting factor in the electro-
osmosis process is the distance of the electrode. As shown in
Figure 3, the sample with the shortest distance of the electrode
and the lowest current was released more water volume than
the sample with the longest distance of electrode and highest
current.

B. The Effect of Electroosmosis on Soil Deformation

Soil samples that were treated using electro-osmosis
process, trimmed into consolidation specimens, and being
tested. At the consolidation testing process, the change in the
height of the sample was recorded at the intervals 0, 0.25, 0.5,
1,2, 4,8, 15, 30, 60, 120, 240, 480, and 1440 minutes. The
data plotted on the curve of time-deformation is shown in
Figure4.
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Fig. 4 The effect of electro-osmosis on the deformation of Soil at Various
pressure : (a). 50 kN/m?, (b). 100 kN/m?, (c). 200 kN/m? and (4). 400 kN/m?

At the consolidation testing, the samples were given axial
pressure and being changed in the height of the sample. From
Figure4, the deformation occurred in intervals 0 until 480
minutes, and deformation activities were reduced or
insignificant value on the following time. The soil without the
electro-osmosis process being high deformed than the sample
with electro-osmosis. At the first pressure, the total
deformation of all samples is greater than the other pressure.
The following pressure, the soil deformation remains
decreased, but the value was not greater than before.

At various pressure, it is observed that the electro-osmosis
process influences soil deformation. Figure 4 shows the
amount of electric current is decreasing the deformation of
soil. On the other hand, the electrode distance also affects the
deformation value. The closer electrode distance will reduce
the deformation of the soil [14], [18], [23].

C. Strain (¢) and Stress (o)

In the consolidation testing process, the amount of strain is
used as one of the observed parameters. The value of strain
was calculated by dividing the change in the samples' height
with the samples' initial height, and the value is multiplying
by 100 percent. The result of the calculation for the strain of
samples is presented in Figure5.
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Fig. 5 Soil Strain during consolidation test
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As shown in Figure 5, the soil without electro-osmosis gets
increased during the increment of pressure. At the second
pressure, the strain of the soils is not greater than before. The
strain of soil remains increased during the increment of
pressure. Conversely, the result shows that the strain of soils
decreased at a higher amount of electric current. The lower
strain of soil, the consistency of soil is stiffer [14], [18], [20],
[23], [26].

The results indicate that a decrease in the strain of the
sample with the electro-osmosis process. The result also
shows that the various electric current and various distances
affect the strain of soil. Moreover, the shortest distances of the
electrode resulted in a lower strain of soil. Consequently, the
electrode's longest distance would be needed a long time for
the current to transfer.

D. Oedometric Modulus (Eoeds)

One of the parameters obtained from the consolidation test
is the modulus of soil elasticity. The modulus of elasticity is
a value used to determine how much the soil experiences a
strain at specific stress. The number of modulus of elasticity
was calculated by dividing the stress with the change of strain.
The result of the calculation for modulus of elasticity is
presented in Figure 6.
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Fig. 6 The change of elastic modulus

At the consolidation testing stage, the samples' water
content was released during the increment of pressure. The
void between the soil that is filled with water being
compressed by axial pressure. The water that was released
would be evaporated, and the samples' mass was measured
before increment pressure. The mass of samples calculated to
get water content during increment pressure. The amount of
change of sample height calculated as restrain and the
pressure from the consolidation test calculated by dividing it
by the disk area.

Figure 6 shows that soil without electro-osmosis has the
lowest modulus elasticity and higher moisture content until
the testing was done. Commonly, the curves of change in
modulus elasticity were formed parabolic curves. At the



second pressure, the modulus elasticity was increased but
relatively insignificant. The electro-osmosis affected the
water content of the soil become decreased. The greater the
moisture content, the more the modulus elasticity was
decreased, and the lowest moisture content, the modulus
elasticity was increased [14], [18], [20], [27].

However, the modulus elasticity was increased
significantly. From the result, it can be resumed that the
electro-osmosis process increased the modulus elasticity.
Increasing the amount of electric current in consequence of
modulus elasticity increased. The longer distance of the
electrode also postponed transporting electric current from the
anode to the cathode. Moreover, the increased distance of the
electrode resulted in the value of modulus elasticity were
decrease.

E. Void Ratio

The void ratio is affected by many interrelated factors such
as the weight of solid, specific gravity of soil, soil volume,
and pore volume. The void ratio resulted in dividing the
volume of the pore with a volume of solid. The result of the
calculation is shown in Figure 7.
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Fig. 7 The change of void ratio with the pressure during consolidation test
in various electric current and electrode distances.

Figure 7 shows the change in void ratio during the
consolidation testing. The change of void ratio is influenced
by the volume of pore water and the volume of solid. The
difference in the initial void ratio (ep) is caused by
consolidation during the electro-osmosis stage.  The
consolidation happened when the water was released during
the electro-osmosis. The void of the pore is filled with air and
being compressed by the mass of the overburden. Therefore,
during the electro-osmosis process, there is a consolidation
process, but the magnitude of consolidation is minimal.

The sample without electro-osmosis had the largest
compression shown on the curve. The amount of compression
can be seen based on the magnitude of the change in the soil's
pore ratio. The samples without electro-osmosis have a large
change in pore ratio compared to samples without electro-
osmosis. The curve between void ratio and stress formed a
gradient. It means that the greater the slope of the line, the
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greater the compressibility will occur. The curve's gradient is
influenced by the amount of electric current that flowed and
the electrodes' distance. The compression of the soil could
increase if the amount of the electric current decreased. The
other factor that is affecting the compression of the soil is the
distance of the electrode. The compression of soil would be
decreased when the distance of the electrode being shorter
[14].

F. Coefficient of volume compression (m,)

The coefficient of volume compression (m,) or sometimes
called the modulus of volume change, is one of the parameters
which indicates the compressibility per unit thickness. The
value of the coefficient of volume compression (my) is also
represented as clay type. The value of the coefficient of
volume compression (my) calculated for the void ratio on each
load increment of the consolidation test. The result of the
calculation for the coefficient of volume compression (my)
shown in Figure 8.
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Fig. 8 The change of coefficient volume compression (m,)

Figure 8 shows the change in coefficient volume
compression during the electro-osmosis process. The samples
without the electro-osmosis process have a greater value of
coefficient volume compression than the sample with the
electro-osmosis process. At the first pressure, all of the
various electric current and the electrode's distance had the
highest value of m,. The value of m, being insignificant after
the second increment pressure and following pressure. The
greater the coefficient volume compression, the greater the
compression that occurs. Conversely, the smaller the volume
compression coefficient value, the smaller the compression
that occurs. From the result, it can be resumed that the
coefficient of volume compression decrease as the amount of
electric current increased. The shortest distance of the
electrode is decreasing the value of the coefficient of volume
compression.

G. Compression Index (C.)

Compression index (C.) is one of the parameters derived
from consolidation tests to indicate the compressibility of
soils, from which an estimate of the amount of settlement



would happen. The result of the calculation for the
compression index (C.) is shown in Figure 9.
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Fig. 9 Index of compressibility in a various amount of electric current and
distance

The compression index (Cc) value is equal to the gradient
of'the field consolidation curved plotted to a logarithmic scale
of pressure in the linear range. The result reveals that the
variation in the electric current and distance of the electrode
was affected by the compression index (C). A higher amount
of electric current would be decreasing the compression index.
The other factor that influences the compression index is the
distance of the electrode. The shortest distance of the
electrode would be decreasing the compression index. The
dominant factor that affected the value of the compression
index is the distance of the electrode [1], [27].

H. Acidity degree of soil (pH)

During the electro-osmosis process, there is another
reaction that occurs at that stage. This phenomenon is called
electrolysis which is broke up the hydrogen bond in the water
molecule. Releasing the hydrogen and oxygen particle would
increase the value of the acidity degree of soil in the area of
the anode, and the acidity degree of soil in the area of the
cathode decreased [17], [19], [21], [22]. The result of the
experiment is shown in Figure 10.
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Fig. 10 Acidity degree (pH) of soil in a various amount of electric current and
distance of the electrode
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The result from the experiment shown that the electro-
osmosis process changed the acidity degree of the soil. The
soil near the anode tends to decrease in acidity degree (pH) of
soil. In contrast with the soil near the cathode, the acidity
degree (pH) tends to increase. Based on the results of the
analysis in Figure 10, it was found that the dominant factor
affecting the change of acidity degree (pH) is the amount of
the electric current. The value of acidity degree changed along
with increasing the amount of electric current.

I The Moisture Content of soil (w)

The soil with high moisture content was treated by using
electro-osmosis. Its process was drained the moisture content
of soil and stabilizing it from the settlement. At the electro-
osmosis process, the moisture content was obtained by taking
the soil from the box. The soil from the electro-osmosis
process was divided into nine segments that were classified
base on the position. So, each position has three segments.
The result of moisture content testing is shown in Figurel 1.
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Fig. 11 The changes in moisture content with various electric current

Figurel1l shows the change of moisture content at the
various electric current and distance of the electrode. As
shown in Figure 11, the sample's moisture content without
electro-osmosis remains unchanged after 72 hours while the
soil with electro-osmosis process gets decreased. The electric
current flowed on the ground carrying water molecules so that
the anode area tends to dry. Whereas in the cathode area, the
water content tends to remain constant.

It is known that the soil with high moisture content needs
long-term drainage. Clays were classified as soil with low
permeability, meaning that the condition of the soil in high
moisture content would need more time to release the water
[1], [17], [19], [30]. At all of the variation, it is observed that
the moisture content decrease as the amount of electric current
increased, and the shortest distance of the electrode affected
the moisture content were decreased. The dominant factor that
strongly influences the change of moisture content is the
distance of the electrode. The longer distance of the electrode
also postponed the transporting activity of water during the
electro-osmosis.



IV. CONCLUSIONS

From the analysis that was carried out in this research, the
researchers highlighted the conclusion as follows: The
amount of water volume that comes out in the electro-osmosis
process is influenced by several factors, namely the distance
factor and the voltage factor. The farther the distance between
the electrodes, the less the volume of water that comes out.
The greater the voltage is given, the greater the volume of
water that comes out. The most influencing factor is the
magnitude of the applied voltage. The process of electro-
osmosis is decreasing the deformation of the soil. The amount
of electric current is decreasing the deformation of soil. On
the other hand, the electrode distance also affects the
deformation value. The closer electrode distance will reduce
the deformation of the soil. The amount of electric current and
various distances affect the strain of soil. The increasing
amount of electric current resulted in the strain would be
decreased. Moreover, the shortest distances of the electrode
resulted in a lower strain of soil. Consequently, the electrode's
longest distance would be needed a long time for the current
to transfer. Increasing the amount of electric current in
consequence of modulus elasticity increased. The longer
distance of the electrode also postponed transporting electric
current from the anode to the cathode. Moreover, the
increased distance of the electrode resulted in the value of
modulus elasticity were decrease. The compression of the soil
could be increased if the amount of the electric current is
decreased. The compression of soil would be decreased when
the distance of the electrode being shorter. The coefficient of
volume compression decrease as the amount of electric
current increases. The shortest distance of the electrode is

decreasing the value of the coefficient of volume compression.

A higher amount of electric current would be decreasing
the compression index. The shortest distance of the electrode
would be decreasing the compression index. The dominant
factor that affected the value of the compression index is the
distance of the electrode. The electro-osmosis process
changed in the acidity degree of soils. The dominant factor
affecting the change of acidity degree (pH) is the amount of
the electric current. The value of acidity degree changed along
with increasing the amount of electric current. The amount of
moisture content decreased as the amount of electric current
increased, and the shortest distance of the electrode affected
the moisture content. The dominant factor that strongly
influences the change of moisture content is the distance of
the electrode. The longer distance of the electrode also
postponed the transporting activity of water during the
electro-osmosis.

The position near the anode
The position at the middle of the box
The position near the cathode

NOMENCLATURE
Ce Compression index
e Void ratio
P Pressure kN/m?
my Coefficient of volume compression m*MN
ay Coefficient of compressibility m?/kN
\% Value of electric current volt
J Distance of electrode cm
A
T
K
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