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An improved electroosmoticmethodwhich involves coupling anodemovement
with injection of calcium chloride (CaCl2) solution into soils during the
electroosmotic process was proposed in this paper. The laboratory-based
experimental study was conducted in a custom-designed test set-up to assess
the effectiveness of the proposed method. During the electroosmotic process,
the drained water, drainage rate, electric current, electric resistance, power
consumption, settlement, and penetration resistance were monitored. The
experimental study showed that after treatment, the drainage volumewas about
3.5 times that of the pure electroosmotic, 1.6 times that of the electroosmotic
process with injection only, and 2.4 times that of the electroosmotic process
with anode movement only. Further, electrochemical injection coupled with
anode movement can significantly reduce the non-uniform electrochemical
changes in the treated samples, resulting in a relatively uniform settlement and
considerable cementation area throughout the sample. The results demonstrate
that using this method can effectively alleviate anode corrosion, double the
voltage gradient and mitigate the electric resistance increase, further enhancing
electroosmotic treatment efficiency.

KEYWORDS

electroosmotic process, soil improvement, anode movement, injection, cementation
area

1 Introduction

Electroosmosis is a process induced by electricity in which pore water moves from
the anode to the cathode along with dissolved electrolytes, resulting in soil drainage and
consolidation (Asadi et al., 2013; Pandey et al., 2024). Casagrande (1949) pioneered the
use of this phenomenon to strengthen soft soil and improve the geotechnical properties of
engineering materials. Since then, several studies followed to explore the characteristics of
electroosmotic treatment (Bian et al., 2024;He et al., 2023;Alshawabkeh and Sheahan, 2003).

To enhance the effect of electroosmotic flow, the method of injecting chemical
solutions into soil during electroosmotic process was adopted in recent years (Abdullah
and Al-Abadi, 2010; Sun et al., 2023). The electroosmotic chemical method takes
advantage of the interactions between chemical solutions and soil particles, including
cation exchange and particle cementation, under the influence of an electric field
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(Martin et al., 2019). By using the electroosmotic chemical
method one can inject chemical solutions into soft clay and
avoid fracturing, making it a suitable approach for improving
low permeability soils (Xue et al., 2018). Numerous solutions
have been utilized as the injection materials during electroosmotic
process, such as NaCl, KCL, CaCl2 (Chien et al., 2009), aluminum
ions (Mohamedelhassan and Shang, 2003), NaOH, and Na2SiO3
(Moayedi et al., 2012), Mg(CH3COO)2, AgNO3 and ZnSO4
(Otsuki et al., 2007), and positively charged SiO2@Al2O3 core-
shell nanoparticles (NPs) (Zhang et al., 2017). Injecting chemical
solutions during electroosmotic process can increase the soil
conductivity at the soil-electrode contact and effectively double
the electrical potential transmitted to the soil, thereby improving
the performance of electroosmotic consolidation (Chien et al.,
2011; Chien et al., 2015). However, it also can be observed from
previous studies that the improvements are primarily concentrated
in the regions of the anode and cathode (Ou et al., 2009;
Chien et al., 2010; Asavadorndeja and Glawe, 2005) despite that
injecting chemical solutions during the electroosmotic process can
effectively enhance the effectiveness of electroosmotic flow and
improve soil strength.

In addition to the inhomogeneous effects, problems such
as anode corrosion (Shi et al., 2021a; Liu et al., 2014), high
energy consumption (Xiao et al., 2021), potential loss due to
increasing contact resistivity (Mohamedelhassan and Shang, 2001;
Zhuang and Wang, 2007), and formation of gases (Kalumba et al.,
2009), also hinder the widespread application of electroosmotic
technique in engineering projects. To overcome the aforementioned
issues, a number of technical solutions have been proposed and
experimentally studied. Lo et al. (1991) implemented electrode
polarity reversal to achieve uniform soil strength between the
electrodes. However, after the polarity reversal, the electrode
interface resistance increases sharply, resulting in current reduction
and low energy efficiency (Tao et al., 2014). Xiao et al. (2021) found
that electrokinetic geosynthetics (EKG) electrodes can efficiently
alleviate anode corrosion and accumulation of gases during the
electroosmotic process. Nonetheless, the EKG electrodes exhibit a
greater increase in resistance compared to conventional electrodes.
Moreover, Asavadorndeja and Glawe (2005) reported an anode
depolarization technique that prevents the formation andmigration
of hydrogen ions, achieving more uniform strength improvements
compared to traditional methods. Peng et al. (2013) adopted a
method that combines vacuum preloading and electroosmosis,
which significantly and uniformly improved soil strength. However,
the practical application of vacuum preloading combined with
electroosmotic flow is extremely difficult, as the membrane used in
vacuum preloading cannot maintain the tightness of the seal under
the electric field conditions (Peng et al., 2015).

The main objective of this paper is to develop an improved
method for electroosmotic treatmentwhich could effectively expand
the improvement area, decrease the extent of anode corrosion, and
enhance the efficiency of the electroosmotic process. The improved
electroosmotic method combines anode movement technique with
injection of calcium chloride (CaCl2) solution into soils during
the electroosmotic process. Treatment effect was investigated
through monitoring the main characteristics of soft soils including
drained water, drainage rate, electric current, electric resistance,
power consumption, settlement, and penetration resistance.

For comparison, pure electroosmotic process, electroosmotic
process with anode movement technique only and electroosmotic
process with injection of calcium chloride (CaCl2) only were
also studied.

2 Experimental study

2.1 Experimental apparatus

The test apparatus, as is displayed in Figure 1 in detail, was
comprised of an electrokinetic cell and a D.C. power supply
device. The electrokinetic cell, made of acrylics, holds a dimension
of 440 mm in length, 330 mm in width, 140 mm in height
and 10 mm in thickness. Similar to the experiment disposition
designed by Chien et al. (2010), tubular stainless steel tubes were
used as both electrodes (350 mm apart from each other) and the
central tube (a tube at the midpoint between the anode and the
cathode, 175 mm away from both electrodes), while the holes were
drilled along the surface of the tube for injection (anode and central
tube) and draining (cathode) during the electroosmotic process.The
D.C. power supply device, which can provide an output voltage of
up to 60 V and a current of 5 A, was connected to both the anode
and cathode tube for electric supply. A number of drainage holes
with a diameter of 3 mm were scattered at the bottom of the cell
with a spacing of 10 mm from the cathode. The drainage process
could be controlled through a drained tube at the end of the cell
during the test.

Five voltage probes were installed on top of the cell to
measure the voltage following an organized time interval. In the
meantime, the vertical deformation resulting from soil consolidation
is monitored by five dial gauges disposed on the top plater. Figure 1
illustrates the specific position of both voltage probes and dial
gauges. The measuring cylinder and the multimeter were utilized
to monitor of drained water volume and voltage, respectively. In
addition, a camera was applied during the electroosmosis tests to
investigate the physical behavior of soil-anode interface.

2.2 Materials

The soils used in this study were collected from
the Jiangning District of Nanjing, China. The physical
properties of the soil were assessed in accordance with the
Chinese Standard GB/T 50,123-2019 (Standard for Soil Test
Methods) (Chinese Standard GB/T 50123-2019, 2019) and were
summarized in Table 1. Based on the Unified Soil Classification
System (USCS) (ASTM International Standard D2487-17e1, 2017),
the soil was classified as low plasticity clay (CL). Additionally,
calcium chloride (CaCl₂) solution was employed as the injection
material during the electroosmosis process.

2.3 Test procedure

A specified amount of air-dried soil was first mixed with
distilled deionized water using a mechanical mixer to reach a water
content of 1.5 times the liquid limit. This mixture was then stored
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FIGURE 1
Schematic configuration of test apparatus.

TABLE 1 Physical properties of the soil.

Specific gravity (Gs) Liquid limit (LL)/% Plastic limit (PL)/% Plastic index (PI) USCS classification

2.67 41.8 23.6 18.2 CL

in an airtight container with a sealed lid for 3 days to facilitate
moisture equilibration. Subsequently, the prepared soil sample was
layered into the electrokinetic cell in five separate layers, allowing
for the placement of electrodes and a central tube. A saturated
geomembrane was then positioned over the soil surface to create a
horizontal flow condition.

A direct current of 30 V was applied to the soil with a voltage
gradient of 50 V/m to undertake the electroosmotic process, with
each test lasting for 25 h. A total of 140 mL of CaCl2 solution
with concentration of 2 mol/L was injected into the anode or the
central tube, and water was discharged from the cathode during
electroosmotic process. The voltage, current, surface settlement and

drained water from the cathode were monitored during the test.
The penetrometer resistance of the soil sample was assessed using
a specially designed laboratory micro penetrometer, as illustrated in
Figure 2. This micro penetrometer featured three dynamometers (I,
II, and III) and three probes (A, B, and C). The actual penetration
resistance can be obtained by multiplying the recorded reading
by the corresponding calibration coefficient, with a measurement
accuracy of ±5%. After the experiments, penetrometer resistance
values were measured at various locations within the sample,
as shown in Figure 2. Data readings were recorded electronically
using a digital data logger. A total of four types of test were
performed.Theprocedures for each type of tests are described below.
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FIGURE 2
Plan view of laboratory penetration resistance tests collection locations.

FIGURE 3
Schematic diagram of the tests: (A) Test S0, (B) Test S1, (C) Test S2, and (D) Test S3.

Four electroosmotic tests were denoted as S0, S1, S2 and
S3 respectively. As presented in Figure 3, S0 refers to pure
electroosmotic flow, S1 refers to electroosmotic flow with
simultaneous injection through both the anode (Point A) and
central tube (Point B), S2 refers to electroosmotic flow with anode

movement (from Point A to B) only, and S3 refers to electroosmotic
flow with anode movement (from Point A to B) coupled with
injection of CaCl2 solution (through Point A followed by Point B).
Specifically, for test S1, 70 mL of CaCl2 solution was firstly injected
into the anode (Point A) and central tube (Point B) simultaneously
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FIGURE 4
Drained water versus time during tests.

FIGURE 5
Drainage rate versus time during tests.

FIGURE 6
Electric current versus time during tests.

immediately after powering on, and the electroosmotic process
will continue for the whole treatment time of 25 h. For test S2, a
pure electroosmotic process was first conducted for 12.5 h, after
that the anode was pulled out and moved from Point A to Point
B, followed by another 12.5 h of electroosmosis. While for test S3,
70 mL of CaCl2 solution was firstly injected into the anode (Point
A) immediately after powering on, then the electroosmotic process

will last for 12.5 h. After that, the anode was pulled out and moved
from Point A to Point B, and another 70 mL of CaCl2 solution was
injected into the anode (Point B), then the electroosmotic process
will last for another 12.5 h. A detailed schematic diagram of these
four tests are tabulated in Figure 3.

3 Results and discussions

3.1 Drained water and drainage rate

Figure 4 illustrates the variation of drained water (mL) during
the electroosmotic process. The total volume of the drained water
was 295, 609, 432, and 1030 mL for test S0, S1, S2 and S3,
respectively. As shown in the figure, the drainage volume for the
S3 test was the largest, approximately 3.5 times that of S0 test, 1.6
times that of the S1 test and 2.4 times that of the S2 test. It is worth
noting that for S2 and S3 tests, a turning point in the drainage curve
is observed around 12.5 h. In the first 12.5 h, the drainage volume
was 170 mL for S2 and 496 mL for S3 test. Following this turning
point, the drainage volume increased to 262 and 534 mL for S2 and
S3 test, respectively.

Figure 5 shows the drainage rate (mL/h) vs. time (h) during the
electroosmotic process. The initial drainage rate for the four tests
was approximately 30 mL/h. During electroosmotic process, the
drainage rate of S0 exhibited a continuous decrease until it reached
a state of stability. For S1 test, the drainage rate initially increased
rapidly and reached a peak drainage rate value of 70.6 mL/h at
2.25 h. This was followed by a slow decrease in the next 13–15 h,
after which a stable stage was reached. In comparison, both S2
and S3 curves exhibited a subsequent peak around 12.5 h. For
the S3 test, the drainage rate increased from 28.5 to 49.4 mL/h in
the first 2.5 h, followed by a gradual decrease and a subsequent
peak of 57.2 mL/h was reached around 12.5 h. Conversely, the S2
test showed a continuous decrease in drainage rate from 26.0 to
12.4 mL/h in the first 12.5 h and reached its maximum value of
42 mL/h when the anode wasmoved, followed by a downward trend
thereafter. Yoshida (2000) and Burnotte et al., (2004) showed that
with the continuous application of a direct current, the electrical
contact resistance between the electrodes (mainly the anode) and the
soil is considerably increased, leaving an effective voltage gradient
too small for significant electroosmotic dewatering. Therefore, it
can be concluded that the increase in drainage rate of S2 and S3
during the subsequent 12.5 h was attributed to the movement of
the anode, which effectively doubled the voltage gradient, thereby
enhancing the drainage capacity of the soilmatrix. In contrast, under
the same condition of anodemovement, S3 exhibited better drainage
performance than S2. This is mainly because the injection of CaCl2
solution during the electroosmotic process in S3 will lead to an
increase in electric conductivity and hydration of cation, resulting
in a better drainage effect.

3.2 Electric current and electric resistance

Figure 6 illustrate the variation of electric current (A) during
the electroosmotic process. As noticed in Figure 6, the electric
current in S0 test continuously decreased over time. Additionally,
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FIGURE 7
Electric resistance versus time during tests: (A) Schematic diagram of sample segmentation, (B) electric resistance of part 1, (C) electric resistance of
part 3, and (D) electric resistance of part 2, and (E) electric resistance of part 4.

the electric current of S1 showed a rapid increase tomore than 0.5 A
due to the presence of salt solution, as well as the desorption and
mobilization of ions in the soil matrix. Subsequently, the electric
current decreased from 0.53 A to 0.06 A and finally a stable stage
was reached.Thedecrease inelectric current canbeattributed to two
reasons: first, a decline in the gradient of ionic concentration and
a partial saturation of charge sites within the clay (Yukselen-Aksoy
and Reddy, 2012), and second, anode corrosion and the formation
of cracks near the anode area, which caused significant voltage
loss and further reduced the electric current (Wu et al., 2015; Shi
and Zhao, 2020; Shi et al., 2021b). For S2 and S3 tests, the change
in electric current curve was similar to that in drainage rate curve,
with a subsequent current peak value of 0.21 A for S2 and 0.42 A for

S3 around 12.5 h. This observed increments in drainage efficiency
and electric current around 12.5 h of S2 and S3 tests were may be
due to fact that the anode being moved during the electroosmotic
process. As mentioned, the movement of the anode, coupled with
the injection of CaCl2 solution can significantly decrease the power
loss and double the voltage, thereby leading to a substantial increase
in electric current. In addition, the peak value of electric current of
S3, which is twice that of S2, is mainly due to the fact that injection
of the CaCl2 solutions.

A plot of electric resistance of the soil with regard
to time is presented in Figures 7B–E. To provide a more
comprehensive analysis of the electric resistance variations during
the electroosmotic process, the changes in electric resistance for
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FIGURE 8
Power consumption versus time during tests.

TABLE 2 Summary of power consumption after treatment.

Test number S0 S1 S2 S3

Power consumption (kW·h) 0.05 0.20 0.09 0.21

Part 1 (the soil adjacent to Point A), Part 2 (soil near the left
side of the midline/Point B), Part 3 (the soil near the right side
of the midline/Point B), and Part 4 (soil adjacent to Point C) were
examined, as depicted in Figure 7A. Overall, the soil sample can be
delineated into two main regions by the midline: the upper regions,
which include Part 1 andPart 2, and the lower regions, which include
Part 3 and Part 4.

As illustrated in Figure 7B, the electric resistance of S0 test
rapidly increased over time, reaching a value of 1,200 Ω after 25 h in
Part 1. In comparison, the electrical resistance of S1 was obviously
lower than that of S0 in the same section. This is attributed to
the injection of CaCl2 solution, which markedly increased the
total ion concentration within the soil matrix, resulting in an
increase of current flow and a corresponding decrease in electric
resistance. Comparing S1 and S3 tests in Figure 7B, it also can be
observed that under the same treatment condition (electroosmotic
process with injection of CaCl2 solution), the electric resistance
of both tests remained at a relatively low level (below 60 Ω) in
the first period of 12.5 h in Part 1. Subsequently, S1 experienced
a significant increase in electric resistance, surging from 55 Ω to
more than 300 Ω, while the electroosmotic process of S3 was
halted due to the movement of the anode. Observing the electric
resistance curves in Figure 7C, it can be noted that the electric
resistance of S2 increased progressively after 12.5 h. In contrast,
under the same conditions of anode movement, the resistance of S3
initially decreased and then experienced a slight increased, while it
consistently remained below 55 Ω. Therefore, it can be concluded
that injecting of CaCl2 solution coupled with moving the anode
can significantly reduce the growth of electric resistance in Part
3. It is also worth noting that the electric resistance in the S2
and S3 tests was slightly higher than that in S0 and S1 within
the regions of Parts 2 and 4, with the increase being generally
less than 60 Ω, which is considered within an acceptable range for
the tested soils. Clearly, the electric resistance was mainly affected
in the regions of Parts 1 and 3 because the soil near the anode

was more prone to water loss. In addition, water electrolysis and
the impervious boundary led to an increase in gas pressure at the
anode-soil interface, leading to significant volume shrinkage and
cracks in both the Part 1 and Part 3 regions. These shrinkage cracks
and gas accumulations substantially elevated the electric resistance,
further reducing the electric current. Therefore, coupling anode
movement with the injection of calcium chloride (CaCl2) solution
during electroosmotic process can effectively prevent the increase
in electric resistance, which further enhance the electroosmotic
treatment efficiency.

3.3 Power consumption

High power consumption limits the engineering applications
of electroosmosis. To evaluate the power consumption of the three
tests, the electrical power consumption during the electroosmotic
process and the unit drainage energy consumption were calculated
and analyzed.

The electrical power consumption,W, can be calculated using:

W = ∫ V ⋅ I ⋅ t
1000

dt

Where V is the applied vlotage (V), I is the electric current as a
fuction of time (A), and t is the processing time (h).

Figure 8 shows the power consumption (kW∙h) vs. time (h)
during the electroosmotic process for the three tests. The power
consumption after treatment is also presented in Table 2. The
final power consumption was 0.05, 0.20, 0.09, and 0.21 kW h
for tests S0, S1, S2 and S3, respectively. Analysis of the results
from the S1 and S3 tests indicated that moving anode during
the electroosmotic process had no significant impact on power
consumption. Conversely, the power consumption following
the injection of CaCl2 was approximately twice that of the
condition without any solution injection. This is mainly because
the electroosmotic flow with injection will result in an increase
in electric conductivity, thus the power required for the process
increases proportionally (Mohamedelhassan and Shang, 2001).
Although the power consumed in tests S1 and S3 was slightly greater
than that in tests S0 and S2, but the increment is acceptable in the
case of the tested soils.

Figure 9 illustrates the variation of unit drainage power
consumption (mL/(W∙h)) with time during treatment. The unit
drainage power consumption, η, was obtained by the volume of
drained water (mL) by dividing power consumption (W∙h). As
shown in the figure, the η of S0 fluctuated around 7 mL/(W∙h)
over time, while the η of S1 initially increased rapidly, peaking
at 2.25 h with a value of 6.1 mL/(W∙h). This was followed by a
gradual decrease in the next 13–15 h and afterwards a stable stage.
The changes in η of S2 and S3 in this study was quite different
from those of S0 and S1. In the first 12.5 h, the η for S2 and
S3 tests exhibited a similar trend, with minor fluctuations around
8 mL/(W∙h) over time. Subsequently, both S2 and S3 experienced
a notable reduction in η, with values decreased from 8.0 mL/(W∙h)
for S2 and 67 mL/(W∙h) for S3 to 3.4 mL/(W∙h) and 2.3 mL/(W∙h),
respectively. In summary, the η values for S2 and S3were consistently
higher than that of S1 test throughout the entire electroosmotic
process, indicating that S1 test requires more electrical power to
discharge the same volume of water.
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FIGURE 9
Unit drainage power consumption versus time during tests.

FIGURE 10
Final settlement distribution after treatment.

3.4 Settlement

The final settlement measured at five locations, namely 0, 8.75,
17.5, 26.3 and 35 cm after treating vs. the distance from the anode
for four different test procedures are presented in Figure 10. It is not
surprising that all the settlements of five locations treated by test S0
keep the lowest, which was consistent with the previously observed

lowest drained water among the four tests as shown in Figure 4. It
can be readily seen that the settlement near Point A induced by test
S1 was close to 6 mm, which is almost twice than that induced by S2
and S3, indicating that keeping the anode at Point A is benefit for the
increase of final settlement near Point A. However, throughout the
testing area, the settlement induced by S3 always keeps the largest
except the observed Point A. To be specific, the final settlements
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FIGURE 11
Penetration resistance contour plot after treatment: (A) S0 (pure electroosmotic flow); (B) S1 (electroosmotic flow with injection of CaCl2 solution); (C)
S2 (electroosmotic flow with anode movement); (D) S3 (electroosmotic flow with anode movement coupled with injection of CaCl2 solution).

measured at 8.75 and 26.3 cm away from Point A induced by S3 are
9 and 8.5 mm, 1.5 times than those induced by S1 and triple than
those induced by S2. It can be concluded that moving the anode
from Point A to B can certainly improve the settlement distribution
throughout the whole treating area, especially for the area between
Point A and B as well as Point B and C. It is interesting that the final
settlement measured at Point B induced by S2 was lower than that
induced by S3 and larger than that induced by S1, which means that
the improvement on settlement brought by moving the anode from
Point A to B ismore drastic than that brought by electroosmotic flow
with injection. It should also be admitted that the final settlements
measured around cathode (Point C) induced by S1, S2 and S3
were close to each other and show not too much improvement
compared with S0.

3.5 Penetration resistance

Penetration resistance can describe the strength of soils after
electroosmotic treating. Figure 11 shows the contour plots of
penetration resistance for the whole treating area after treatment
for four tests. The contour plots were generated using Kriging
method (Liang et al., 2018), which is a spatial interpolation estimator
that is applied to find the best linear unbiased estimate at each
location and is determined according to the linear combination of

the known values of all sampled locations. The initial penetration
resistance for natural samples ranged from 50 to 75 kPa for all the
four tests. It is readily seen that Figure 11 can be divided into two
categories, i.e., Figures 11A, B present the results for electroosmotic
flowwithout anodemoving, while Figures 11C, D present the results
for electroosmotic flow with anode moving. It is obvious that the
contour lines around Point B induced by S2 and S3 were denser
compared with those induced by S1, indicating that moving anode
from Point A to B could significantly improve the penetration
resistance of soils around Point B. Furthermore, it is apparent that
the soils, not only between the anode and the cathode, but also away
from the alignment of the anode and the cathode, were significantly
improved in S3. It should be noted that the penetration resistance
of soils around Point A would be weakened by moving the anode
from Point A to B. For example, the peak penetration resistance of
soils around Point A treated by S1 was more than 1,400 kPa, while
the peak values for S2 and S3 were about 500 kPa and 125 kPa,
respectively. However, it has been proved that the area of penetration
resistance greater than 100 kPa after treatment could be defined as
a cementation area to describe the improvement of electroosmotic
treatment, similar to the method used by Chien et al. (2010). It is
expected that cementation between soil particles due to the chemical
reaction between injected solutions should contribute to a large
proportion of the cone resistance when it is greater than 100 kPa.
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FIGURE 12
Comparison of the cementation area after treatment: (A) S0 (pure electroosmotic flow); (B) S1 (electroosmotic flow with injection of CaCl2 solution);
(C) S2 (electroosmotic flow with anode movement); (D) S3 (electroosmotic flow with anode movement coupled with injection of CaCl2 solution).

Figure 12 plots the cementation area after treatment for four tests. It
was calculated from Figure 12A and c that the cementation area for
S0 and S2 were about 18.05% and 26.76% of the whole treating area,
respectively. It is also evident that the cementation area in S1 and S3
were larger than that in S0 and S2, accounting for about 62.30% and
63.20% of the total area for S1 and S3, respectively. It is interesting
that the cementation area treated by S1 and S3 were very close, the
main difference lied in that the cementation area treated by S1 covers
most of the area between Point B and C, whereas the cementation
area treated by S3 covers most of the area between Point A and B.
This is mainly because the injection of CaCl2 solution into Point
B was kept during the treatment time for S1, while for S3, CaCl2
solution was injected to Point B only after the abode was moved
from Point A to B. This observation indicates that electroosmotic
process with anode movement coupled with injection of CaCl2
solution could further improve the homogeneous distribution of the
treatment area.

4 Conclusion

In this study, the effect of electroosmotic process with and
without anode movement was investigated through laboratory
tests. For comparison, pure electroosmotic flow and electroosmotic

flow with injection of calcium chloride (CaCl2) were also studied.
During the tests, drained water, drainage rate, electric current,
electric resistance, power consumption, settlement, and penetration
resistance were analyzed to investigate drainage and consolidation
behaviors. Based on the results of this study, the following
conclusions can be drawn:

(1) The effect of electroosmotic flow can be improved by the
injection of CaCl2 solution during electroosmotic process.
After electroosmotic flow with injection of CaCl2 solution for
a period of 25 h, the total volume of drained water was 609 mL,
about 2.06 times that of pure electroosmotic flow without
injection. Furthermore, the cementation area after treatment
was increased to 62.30% of the entire sample, compared to
18.05% for pure electroosmotic flow.

(2) After pure electroosmotic process with anode movement, the
drained water of soil was increased by 46%, compared to
anode without movement. The test result also indicates that
the electroosmotic process with anode movement can further
improve the homogeneous distribution of the treatment area.
In the electroosmotic process, the movement of the anode
resulted in an approximate 8.71% increase in the cementation
area compared to the anode not moving.

(3) After electroosmotic process with anode movement coupled
with injection of CaCl2 solution, the drainage volume reached
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up to 1,030 mL, approximately 1.6–3.5 times greater than that
of other schemes. Additionally, the corresponding cementation
area extended to 63.20%, compared to 18.05% for pure
electroosmotic flow and 26.76% for electroosmotic flow with
anode movement only.

(4) The results found that the electroosmotic process with anode
movement coupled with injection of CaCl2 solution was
superior to other schemes in this study, which may be a
potential technique for the improvement of soft clay.
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