
1 INTRODUCTION

Electro-osmosis (EO) is a very well established process
used in the dewatering and stabilization of fine-grained
soil (soft clay). It is a process where flow of water in
soil is induced under an applied electric field. This is
one of the four possible electro-kinetic phenomena
that can occur within the soil (Mitchell, 1993).

EO in soft clay leads to a decrease of water content
at the anode and to an increase at the cathode. At the
anode, water is oxidized to form oxygen gas and
hydrogen ions while at the cathode, it is reduced to
form hydrogen gas and hydroxide ions. EO has been
used widely in a variety of applications. One such
application is the use of EO to dewater and consolidate
the soft clay in land reclamation projects by using
geosynthetic based Electrically Conductive Vertical
Drains (EVDs). These EVDs are manufactured using
highly conductive polymer so as to act as an electrode
in addition to its normal Prefabricated Vertical Drain
(PVD) function.

This research project on EVD was partially funded
by The Enterprise Challenge (TEC) unit, under the
auspices of PS 21, Prime Minister’s office, Singapore.
The scope of this research project were to design,
manufacture, conduct laboratory study and field trial

in two test plots with EVD electrodes at Tuas View
reclamation site, Singapore.

While many types and configurations of EVDs
were involved in this field trial, this paper only focuses
on the effects of surcharge on one particular type of
EVDs, namely 3 copper wires encapsulated EVD
(3CU-EVD). This EVD has dimensions similar to
conventional PVD, i.e. 100 mm width and 5 mm
thickness. The core is made of conductive polymer
while the filter jacket is made of conventional non-
woven geotextile. The copper wires were completely
encapsulated within the core. In conjunction to this
field trial, laboratory EO tests were conducted to
evaluate the effect of surcharge load onto the EO
process using the similar EVD type used in the field
study. During and after EO process at laboratory tests
and field trials, the current, settlement and amount of
moisture content reduction were measured.

2 FIELD TRIAL STUDY

A field trial was designed and carried out at Tuas
View Extension in Jurong, Singapore together with
an extensive instrumentation in two numbers of 50 m
× 50 m trial plots namely, Plot 1 and Plot 2. Preliminary
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m was achieved with this configuration within 24 hrs of electrification. In conjunction with the field study,
a series of laboratory EO tests were carried out to evaluate the performance of the 3CU-EVD with and without
surcharge. During the ‘effective’ EO process, there was increased current flow with constant voltage. Settlement
and reduction in moisture content were resulted with this EO process. Results showed that the presence of
surcharge increases the rate of EO settlement. This is because higher energy has been transmitted successfully
into the clay in this case, than without surcharge application.
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analysis of the field trial results were reported in
Chew et al. (2004) and Karunaratne et al. (2002).

In the test site, about 18.7 m thick of sand fill was
placed over 8 m of soft Singapore Marine Clay (SMC).
The geotechnical properties of this soft clay are given
in Table 1. This EVD field trial presents the possibility
of the evaluation of field performance of deep EO
treatment in the order of 20 m to 30 m, which was
unachievable in past field trials reported by Casagrande
(1949), Chappell and Burton (1975), and Lo et al.
(1991) who used copper and steel rods, tubes and
sheets as an electrode.

2.1 Result of Sub-plot 2A

In Sub-plot 2A, 3CU-EVDs were installed as shown
in Figure 2. Since the wires were all encapsulated,
hence they will be free from electro-chemical
corrosion. About an hour after the generators were
switched on, tiny bubbles of water were noticed
surfacing at the little gap between the wire and its
encapsulation at the cathode EVD. This indicates the
initiation of the EO process.

Table 1. Soil properties.

Soil LL (%) PL (%) PI (%) Clay Cc Cs
content

SMC 69-74 31-33 38-43 66% 0.6-0.7 0.15-0.2

This paper focuses only on 3 CU-EVD installed
in small segments of Plot 2 which were named Sub-
plot 2A and Sub-plot Y. The layout plan is as shown
in Figure 1. Sub-plot 2A is 25 m × 8 m, with EVDs
spaced at a square grid of 1.2 m spacing. Sub-plot Y
is 10 m × 10 m, with 2 sets of EVDs spaced at 1.2 m
square pattern, making the effective drain spacing of
0.6 m. Furthermore, in Sub-plot Y, two external copper
wires were installed together with the 3CU-EVD, so
as to enhance its conductivity. These exterior copper
wires were expected to be lost under electro-chemical
corrosion. However, these exterior copper wires would
help to transmit current into the clay layer at the
beginning stage, where the soil resistance is high.

Figure 1. Layout plan of the field trial Plot 2 and
instrumentation details.

Figure 2. Copper wires encapsulated EVD installation in
Sub-plot 2A & Sub-plot Y.

Figure 3 shows pore pressure readings of Sub-
plot 2A. Within 7 hours of electricity application
through EVD, piezometer reading surged
approximately 3 kPa. When polarity was reversed 24
hours after the start of EO, pore pressure reading
surged 14 kPa within 3 hours. Subsequent polarity
reversals caused similar surge in pore pressure readings
but with decreasing magnitude. There was a significant
drop in excess pore pressure between 28th June 2001
and 30th June 2001. This was also accompanied by
surface settlement. Treatment was ended when it was
observed that the resistance of this plot had increased
significantly.

Figure 3. Pore pressure changes in Sub-plot 2A.

2.2 Results of Sub-plot Y

An input voltage of 5 volts was applied at the start. A
fairly high current would reach the clay layer due to
the high conductivity of copper wires despite some
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losses in saline saturated sand layers. Since the bare
copper wire is exposed to both sand and clay of about
equal thickness, about half the voltage would be lost
in the sand layers.

Results of Sub-plot Y showed that consistent
settlement was observed over the EO treatment area
as measured by the surface settlement pegs, as shown
in Figure 4. The effectiveness of EO operation was
further ascertained via current and voltage
measurement. The voltage, current and resistance of
this sub-plot seem to indicate that the current increases
and the resistance decreases due to EO. These changes
took place immediately due to sufficiently high
conductivity.

3.2 Results of laboratory tests

The settlement at the end of EO process was found
to be 8 mm and 15 mm for test without and with
surcharge respectively. The corresponding reduction
in moisture content due to EO process is 9% and
19% for without and with surcharge case respectively.
This variation of settlement and moisture content can
be explained by the amount of electrical energy
transmitted into the soil.

Figures 5 and 6 show the plot of power and
cumulative energy versus log time respectively for
tests with and without surcharge. The power for both
tests seems to increase till 1700 minutes and
subsequently started to reduce. This seems to suggest
that the EO process is more effective within the first
1700 minutes. The EO process ceases at about 1700
minutes due to the escalating resistance resulting from
the dewatering of the soil, causing the soil to be less
conductive.

Figure 4. Elevation of surface settlement pegs in Sub-plot Y
during the EO process.

3 LABORATORY INVESTIGATIONS

The laboratory study was carried out to evaluate the
efficiency of surcharge application for the same EVDs
used in the field. Perspex EO tanks of dimensions of
300 mm long, 170 mm wide and 235 mm high were
employed in this test. These EO tanks have a provision
for the instrumentation panel and the installation of
EVD electrodes. The liquid limit, plastic limit and
plasticity index of the soft marine clay obtained from
the field were found to be 65%, 21% and 44%
respectively. The voltage across electrodes and the
current transmitted into the clay were constantly
recorded during the whole EO process. Detailed
measurements of surface settlement and moisture
content were also carried out before and after the EO
process.

3.1 Laboratory test scheme

Tests were conducted with and without surcharge
load. During the EO tests, the current and applied
voltages were measured.

The surcharge load was applied with the view to
increase the efficiency of EO treatment as reported
by Shang (1998). In the EO test with surcharge, the
clay sample was prepared and placed in the EO cell
with the initial water content of approximately 60%.
EO electrodes were installed and electrification started.
At the same time, a surcharge of 10 kPa was applied
onto the soil mass between cathode and anode.

Figure 5. Power consumption of 3CU-EVD with and without
surcharge load.

Figure 6. Total energy consumption of 3CU-EVD with and
without surcharge load.

In this study, the power is computed from the
applied voltage and the total current transmitted, which
is dependent on the resistance of the soil and the
losses due to electrodes etc. Assuming the losses due
to electrodes for both with and without surcharge
case are the same, it can be seen that the case with
surcharge resulted in higher power in general. This
higher power observed is due to the reduction in
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resistance in the soil resulting from the application
of surcharge, which meant that more current would
be passed through the soil with the same voltage.

The graph of cumulative energy even clearly shows
that the energy consumed for surcharge case is almost
twice that of the case without surcharge. This may
well explain the double amount of settlement and
moisture content reduction for surcharge case within
the same time frame. Thus, this validates the usefulness
of additional surcharge during the EO process.

4 CONCLUSIONS

Based on both the field trial and laboratory results, it
could be concluded that the surcharge influences and
expedites the EO process.

From the field trial results, it can be concluded
that the EO treatment was successfully achieved on
the soft clay below 18m of sand fill. In the field, pore
pressure readings generally decreased during the EO
process, with the exception when polarity was reversed.
Settlement readings also showed consistent settlement
over an area and it could be seen that the EO process
is effective, achieving 0.1 m settlement within 24 hrs
of EO treatment.

The settlement at the end of EO process in the
laboratory was found to be 8 mm and 15 mm for test
without and with surcharge respectively. The
corresponding reduction in moisture content due to
EO process is 9% and 19% for without and with
surcharge case respectively. Power and energy
measurements further ascertained the effectiveness
of using surcharge during EO. Settlement was double
for the case with surcharge than that without surcharge.
Similar observations were made for the energy
consumed. This increase in energy consumption is
possibly due to the decrease in the resistance of the
ground with the application of surcharge. Hence, this

faster rate of settlement together with the other results
obtained from both the laboratory tests and field trials
validates the usefulness of the surcharge during the
EO process.
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