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Abstract  In Marine clays, the consolidation 
phenomenon is a significant issue of concern. For this, an 
innovative electrokinetic consolidation method was 
adopted by coupling the conventional consolidation 
technique with a constant voltage gradient. A series of tests 
were performed on reconstituted marine clay samples for 
constant loading intensity of 4kg/cm² coupled with a 
constant DC voltage of 2, 4 and 6V. Various parameters 
such as deformation, void ratio, current, pH, voltage and 
moisture content were continuously monitored to compare 
with test results of conventional Incremental loading (IL) 
and constant loading (CL) techniques. In the case of 
electrokinetic (EK) coupled loading, with an increase in 
voltage gradient, the values obtained for voltage and 
current were also increased to maximum and then 
decreased afterwards. Microfabric changes were also 
visible in soils collected at anode and cathode, which were 
evidenced with the images of scanning electron 
microscopy (SEM) data obtained before and after EK 
consolidation tests when compared with original marine 
clay. The constant loading intensity of 4kg/cm2 with a 4V 
electric gradient resulted in higher compression and better 
consolidation characteristics than other loading conditions. 

Keywords  Marine Clay, IL Consolidation, EK 
Consolidation, Voltage Gradient, Compression 

1. Introduction
In 1809, Reuss discovered the fundamental principles of 

electro-osmosis treatment for rapid movement of water 
from anode front to cathode front on the application of 
direct current (DC) in a saturated porous medium [1,2]. 
Later, Casagrande explored electrokinetic (EK) technology 
to reinforce soft/problematic soils and slopes in 1952 [3]. 
Many other researchers also contributed to the 
advancement of EK technology in geotechnical and 
geoenvironmental applications. The problems associated 
are excessive deformation in foundations, decrease of 
swelling and shrinkage in capacity, increase in friction pile 
capacity, stabilization and strengthening of soft clays, 
consolidation of marine and dredged sediments for land 
reclamations and dewatering of slurries, sludges and mine 
tailings [4–11]. In the current era of technology, 
Electro-osmotic (EO) consolidation is a potential 
technique for accelerated pore pressure dissipation and 
resulting in the early consolidation of soft soils and 
dredged sediments with high moisture content, low 
compressibility, low permeability and low bearing capacity. 
Based on prior research, electro-osmotic consolidation 
proved to be an economical and time-saving method for 
treating low permeable soft soils [7, 12–14]. Critical 
laboratory-scale studies should be performed for field 
application to predict the feasibility, suitability, availability 
of resources, cost-effectiveness and time consumption of 
the process and to anticipate the influence of potential 
gradient and its effect on the required parameters [4, 15–
17]. 

Conventional laboratory apparatus with 2cm in height 
and 6cm in diameter is suitable for routine Incremental 
Loading (IL) as mentioned in [18]. Numerous researchers 
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carried out a study on their modified versions of 
consolidation tests with varying sizes, shapes, loading 
intensities, load increment ratios and materials to measure 
and estimate the relevant parameter for field conditions. 
However, in the case of electro-osmosis consolidation, no 
such standard code of practice is available. To carry out the 
test, EK coupled loading consolidation setup is designed 
and fabricated as per the standard protocols mentioned in 
ASTM D2435M-11 with a D/H ratio equivalent to 2.5 and 
considering the surface friction of the consolidometer. 
Some of the essential considerations for the setup required 
for the electro-osmosis test are: 
1. Easy provision for the expulsion of developed gases 
2. Continuous automated data monitoring with Data 

Acquisition System (DAQ) at regular time intervals 
without interruption 

3. Availability and suitability of sensor with DAQ for 
multiple parameter deformation/settlement, current 
and voltage measurement with time 

The present paper discusses a detailed design and 
experimental outline of EK coupled constant loading 
consolidation (EKCL) setup and procedure involved with 
the reconstituted marine soil sample preparation and later 
compared with the data obtained from conventional IL and 
CL consolidation tests. A series of tests were conducted 
under different loading conditions of IL consolidation upto 
4 kg/cm2 and CL consolidation with 4 kg/cm2 single load 
on a modified consolidation ring. Further EKCL 

consolidation tests were performed with constant loading 
of 4 kg/cm2 coupled with constant DC Voltage application 
of 2, 4 and 6V without any lateral deformation was 
performed using a modified consolidation ring. During the 
test, the Data Acquisition system continuously monitored 
settlement, voltage and current. After completion of the 
test, the void ratio, bulk and dry density, water content and 
pH values were also measured. The main objective is to 
validate the test results of EK coupled consolidation with 
reference to conventional IL tests; thus, a system and 
method for faster determination of the compressibility and 
consolidation characteristics of fine-grained soils will be 
recommended. 

2. Materials and Methods 

2.1. Materials 

In the present study, a disturbed marine soil sample was 
collected from the depth of 0.5m from the reclamation area 
at Jawahar Nehru Port Trust (JNPT), Mumbai, 
Maharashtra, India. The sample obtained was grey-black 
coloured; it was then air and oven-dried, pulverized with 
the mallet and then sieved using a 4.75mm sieve to remove 
any unwanted foreign particles. The physical and 
geotechnical properties of soil are evaluated as per relevant 
ASTM codes as presented in Table 1. 

Table 1.  Physical and geotechnical properties of marine soil 

Properties Standard code/Procedure used Values 

Specific gravity [19] 2.6 

Clay (%) 

[20] 

66.0 

Silt (%) 23.0 

Sand (%) 11.0 

Classification (USCS) CH 

Natural water content (%) [21] 108.0 

Liquid limit (%) 
[22] 

82.0 

Plastic limit (%) 46.0 

Optimum moisture Content (OMC) (%) 
[23] 

33.0 

Maximum dry density (MDD) (Mg/m3) 1.39 

pH [24] 8.1 

Organic content (%) [25] 6.34 

Colour - Greyish black 
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2.2. Electrodes 

The past investigation showed that copper electrodes 
were the best suitable and the same was used in the present 
study. The main advantages of the utilization of copper 
electrodes are its high electrical conductivity, good 
electrical conductance, reduced power loss at the electrode 
front, easy availability and reasonable cost [4, 26, 27]. The 
electrode diameter, thickness and total area were 9.4cm, 
0.2cm and 69.36cm2, respectively. Multiple holes of 1 mm 
diameter were made to facilitate the pore water dissipation, 
and a layer of saturated filter paper was placed over the 
electrode at the top and bottom to avoid clogging the holes. 
During the experiment, an electrolysis reaction occurred, 
and oxygen gas was generated at the anode front, where 
copper is utilized at the cathode front to form copper oxide. 
The metal reactions involved with oxidation and reduction 
reactions are mentioned below: 

Oxidation at the anode: 

Cue→Cue
+2+2e-                (1) 

Reduction at the cathode: 

Cus
+2+2e-→Cus↓                (2) 

which represent copper electrode in an oxidation reaction 
and result in the formation of the copper ion with valence 2 
in solution and represent the copper precipitate in solution. 

2.3. Sample Preparation and Experimental Setup 

For the experiment, reconstituted marine soil samples 
were prepared using the slurry consolidation technique to 
ensure a fully saturated consolidated sample [28]. 

To meet the current study's research requirements, EK 
coupled constant loaded consolidation experimental setup 
was indigenously designed and fabricated for conducting 
the laboratory electro-osmotic consolidation tests. The 
main embodiment of EKCL setup comprises a 
consolidation ring of size 100mm in diameter and 40mm in 

height and was made of Teflon coated stiff steel material to 
provide better surface insulation, corrosion resistance, and 
sample housing. The base plate has a provision to support 
the consolidation ring and mechanical load application 
facility regarding the consolidation ring size. Two copper 
electrode discs, acting as anode and cathode at the top and 
bottom of the consolidation ring, were provided to enhance 
the pore water dissipation faster on applying a constant 
voltage. Two porous stones and filter paper were arranged 
on the bottom and top of the sample to prevent the entry of 
the soil particles from the consolidation ring and to allow 
free water flow. A perforated loading pad was placed over 
the top porous stone of consolidation ring assembly. A 
linear variable displacement transducer (LVDT) is placed 
over loading pad to measure the axial settlement 
continuously with different loading conditions. Current 
sensor and Voltage sensor were used to measure current 
and voltage throughout the sample during the test. A collar 
ring was placed to support the consolidation ring at the 
predefined position with the base plate with multiple 
fasteners. Finally, a Data Acquisition System (DAQ) was 
connected to the sensors to measure and store the data at 
regular intervals throughout the process. A DC supply 
source was included to provide the DC supply and 
maintain an electric gradient throughout the experiment. A 
schematic diagram of the experimental setup with various 
components of the present EKIL consolidation is shown in 
Figure 1. 

2.4. Experimental Procedure 

The experimental plan includes a series of experiments 
performed with defined loading intensity and over the 
range of voltage gradient. Five different loading conditions 
were followed in the study, amongst which three were 
coupled constant loading of 4kg/cm² coupled with DC 
voltage of 2, 4 and 6V and two tests were carried out by 
placing of 4kg/cm² either direct or as in the form of 
incremental loading intensity without DC voltage. 
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(a) 

 
(b) 

Figure 1.  (a) One Dimensional Electro-Osmotic Consolidometer; (b) Experimental setup 
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To initiate the experiment, a reconstituted marine soil 
sample was extracted and weighed from the slurry 
consolidation technique, including the consolidation ring 
before and after the tests performed to evaluate the soil 
moisture content pre and post-experiment conditions. Then 
copper electrode discs were positioned at the top and 
bottom of the soil to act as cathode and anode connected to 
an active DC supply for a constant Voltage application. 
Next, porous stones and filter paper were placed after the 
electrodes were positioned. The loading pad was placed at 
the top of the consolidation ring for the distribution of the 
applied constant load. Afterwards, the collar was placed, 
connecting the consolidation ring and the base plate with 
fasteners. This base plate consists of two openings, the first 
for electrical wiring and the second for discharge of the gas 
and fluid generated during the test. 

Voltage and current sensors were attached to a metal 
probe at the mid-level of the sample from one end and 
DAQ at another. After assembling the whole consolidation 
ring setup, a surcharge load of 0.05kg/cm2 was placed over 
the sample through a lever arrangement with a load 
distribution ratio equal to 1:10 on the loading assembly. At 
the time of commencement of the experiment, the DC 
supply and DAQ were turned on and checked for zero 
adjustment reading of LVDT, voltage and current reading 
for EKCL loading at a constant voltage (equal to 2, 4 and 

6V) application and simultaneously a constant load of 4 
kg/cm2 was placed on the sample. The DAQ provides an 
automated collection and storage of various data during the 
process at a fixed interval with an RS-232 interface. 

The analysis of results showed that the voltage becomes 
stable to an extent whereas current trend kept decreasing 
with the progress of the test due to increased resistance 
with time and the dissipation of pore water. During the test, 
the gas generated throughout the electrolysis process is 
visible at the top and bottom in the form of bubbles. In the 
case of mechanical loading, two types of loading 
conditions: constant loading of 4 kg/cm2, and incremental 
loading up to 4 kg/cm2 on the modified consolidation setup 
without voltage and readings are taken at fixed intervals to 
calculate the settlement. 

3. Results and Discussions 
The current setup facilitates mechanical and coupled 

electro-mechanical loading for faster pore water pressure 
dissipation in the vertical direction for one-dimensional 
consolidation. The results obtained from the various tests 
are mentioned in Table 2. The test on Marine soil was 
carried out at five different mechanical loading conditions 
with and without constant electric gradient. 

Table 2. Test results from EKIL and conventional techniques 

Loading 

Modified Consolidometer Conventional 
Consolidometer 

DC Voltage Coupled with Constant 
Loading Without DC Voltage  

2V+ 
4kg/cm2 

4V+ 
4kg/cm2 

6V+ 
4kg/cm2 

Incremental loading 
upto 4kg/cm2 

Direct loading 
4kg/cm2 

Incremental loading up 
to 4kg/cm2 

Max. settlement at the end of 
loading (mm) 12.121 12.36* 12.298 9.923 9.286 5.3 

Final settlement at the end of 
unloading (mm) 11.376 11.873* 11.64 8.53 7.844 4.82 

Time to reach final settlement 
(hrs) 52.5 84.9 31.933* 144.6 114.27 144.6 

Settlement for average degree 
of consolidation (U50) 6.11 6.216 6.211 4.964 4.698 --- 

Time to reach average degree 
of consolidation (U50) 0.534 0.817 0.567 75.334 0.379 --- 

Settlement for average degree 
of consolidation (U90) 10.914 11.126 11.079 8.948 8.366 --- 

Time to reach average degree 
of consolidation (U90) 4.55 6.98 3.56 120.5 2.652 --- 

Percentage regain (%) 6.55 4.102* 5.653 16.33 18.38 9.95 

Initial void ratio 1.649 1.626* 1.648 1.624 1.631 1.638 

Final void ratio 0.846 0.8279* 0.834 0.983 1.02 0.939 

Water content (%) 62.688 62.646* 62.102 61.9 61.65 61.68 
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Table 2 Continued 

Density before test (kN/m3) 16.24 16.33* 16.42 16.242 16.324 16.28 

Density after test (kN/m3) 9.98 10.04* 10.13 10.03 10.09 10.07 

Coefficient of volume change (per kPa) 7.57x10-4 7.73x10-4 7.69x10-4 5.32x10-4 5.8x10-4 4.94x10-4 

Coefficient of compressibility-av 2.01 x10-3 2.02 x10-3 2.04 x10-3 2.83 x10-3 1.53 x10-3 1.31 x10-3 

Coefficient of consolidation-cv (mm2/sec) 2.81x10-2 1.99 x10-2 3.13 x10-2 1.87 x10-2 8.35 x10-2 6.46 x10-2 

At anode 34.216 33.865 33.744 - - - 

At cathode 40.320 37.792 38.883 - - - 

Initial Water content 62.688 62.646 62.102 61.9 61.65 - 

 

Figure 2.  Axial deformation with time for different loading conditions 
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Figure 3.  Void ratio with time for different loading conditions 

 

Figure 4.  Voltage with time for coupled electro-mechanical loading conditions 
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Figure 5.  Current with time for coupled electro-mechanical loading conditions 

 

Figure 6.  pH vs sample location for coupled electro-mechanical loading conditions 
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3.1. Axial deformation vs. Time 

Figure 2 illustrates the characteristic trend of soil 
deformation with time for different loading conditions 
(Table 2) observed in the case of a modified oedometer. A 
Linear Variable Differential Transducer (LVDT) is placed 
on the top of the loading pad to measure the continuous 
deformation of the soil sample. An increased settlement 
with time was observed in electro-hydro-mechanical 
coupled loading compared to mechanical loading [29]. 

This additional settlement is due to the electro-osmotic 
flow process, which includes the transport of ions under an 
electric gradient. The ion transport in the phenomenon 
includes diffusion, electromigration and electro-osmotic 
flux advection [30]. Thus it results in faster dissipation of 
excess pore water that alters the soil fabric due to pore fluid 
flow, ion migration, and charged particle flow [31,32]The 
electro-osmotic flow was directly proportional to the 
applied electric potential. It was observed that a maximum 
settlement of 12.36 mm occurs in the case of coupled 
loading of 4V+4kg/cm2 in comparison to other loading 
conditions. Based on the past studies, the maximum 
compression occurs for a voltage gradient of 1V/cm, same 
trend was also observed in the case of 4V+4kg/cm2 in the 
present study, equivalent to a voltage gradient of 1V/cm 
[33–36]. 

3.2. Void Ratio vs. Time 

Figure 3 illustrates the variation of the void ratio with 
time for different loading conditions. It is well known that 
the void ratio is inversely proportional to effective stress 
and directly proportional to pore water pressure. With the 
development of negative excess pore pressure, the 
effective stress in the soil increases, resulting in a 
decreased void ratio with time. A maximum reduction in 
the void ratio was observed in EK coupled loading as 
mentioned in Table 2. Based on the theory, the decrease in 
the void ratio is basically due to an additional increase in 
the expulsion of pore water in case of coupled loading 
consolidation. The void ratio and volume change behavior 
are similar to those of trends expected in the consolidation 
process adopted through mechanical loading. Based on 
past studies, the maximum reduction in void ratio and 
volume change occurred for voltage gradient equals unity 
which can also be validated with the test results obtained in 
the current study. 

3.3. Voltage vs. Time 

Voltage is an additional parameter obtained for three 
different electrokinetic coupled mechanical loading cases 
in which electric gradient plays an important role 
throughout the test (Figure 4). In the study, continuous 
monitoring of Voltage data was performed at the 
mid-height of the soil sample and recorded through the 

voltage sensor attached to the DAQ. The graph shows the 
consistent result with past findings and a significant 
voltage loss for constant voltage application on soil 
specimens. Many researchers also reported similar findings 
[29, 37, 38]. The Voltage loss that occurred in the vicinity 
of the anode was found to be less than at the cathode [39]. 
This voltage loss results from the precipitation of metal 
hydroxides near the cathode and the desorption of metal 
ions at the anode. The efficiency factor was increased with 
an increase in applied voltage; the same was observed by 
other researchers also [29,30]. The results indicate that an 
increase in voltage gradient improves the effective voltage 
with reference to the output voltage during the early stage 
of the electro-osmotic process. However, from a long-term 
perspective, an increase of the voltage gradient alone is not 
helpful in increasing the effective voltage to the output 
voltage. 

3.4. Current vs. Time 

Current is also an additional parameter monitored 
throughout the test for different electrokinetic coupled 
mechanical loadings and Figure 5 depicts a variation in 
current with time. It is observed that the current drops 
rapidly in the initial phase and reaches a stable value of 42, 
57 and 175mA at 2V+4kg/cm2, 4V+4kg/cm2 and 
6V+4kg/cm2 respectively in case EK coupled loadings. A 
similar variation of current was reported by several 
researchers [4, 37, 40]. The drop-off in current with time is 
due to the electrochemical changes leading to an increased 
rate in the formation of the gas bubble with time. It 
increases the resistance between the anode and cathode, 
resulting in the reduction of ion mobility, current intensity 
and consolidation efficiency [40, 41]. Initially, as the 
voltage gradient is applied acidic and basic front was 
generated at anode and cathode which causes 
heterogeneous ion concentration in the soil-water system. 
This heterogeneous ion concentration reduces the electrical 
conductivity of soils and releases the H+ ions in the 
expelled pore fluid near the anode [29, 42]. 

3.5. pH vs. Sample location 

pH is also an additional parameter that needs to be 
considered during the electrochemical process, and 
OH- ion is transferred from cathode surface to anode [43]. 
This leads to the H+ ion movement from the anode surface 
to the cathode to neutralize and obstruct OH- ion movement 
[8, 44]. In clay particles, the H+ is adsorbed by negatively 
charged clay particles due to its buffering capacity this 
results in increased pH value from the anode (bottom) to 
cathode (top) as shown in Figure 6. In addition, with an 
increase in voltage, the movement of H+ and OH- ions will 
increase which results in a higher variation of pH value. 
Similar observations were also reported by other 
researchers [9, 29, 44, 45] 
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(a.) Bubble formation during the initial stage of coupled loading   (b.) Top view of consolidation ring after completion of the test 

            

(c.) The copper electrode at the Anode front after the test      (d.) The copper electrode at Cathode front after test 

           

(e.) Soil sample at anode front                                 (f.) Soil sample at cathode front 
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(g.) Soil sample after test 

Figure 7.  Images soil and electrodes before and after the coupled loading test 

3.6. Moisture Content of Soil 

The moisture content of the soil samples for pre and post 
EK consolidation, tests subjected to different mechanical 
and coupled electro-mechanical loading conditions were 
found and reported in Table 2. In the case of EK 
consolidation, the fluid movement resulting from the 
electrochemical changes and complex mechanism leads to 
non-uniform moisture content across soil samples was 
observed [39]. The reason behind the phenomenon is the 
movement of positively charged particles towards the 
cathode (negative front), while negatively charged 
particles toward the anode (positive front). This is due to 
the accelerated expulsion of interstitial water under applied 
electric gradient which ultimately consolidates the soil. On 
the other end, a uniform distribution of moisture content 
was observed only in mechanical loading. 

3.7. Images before and after Consolidation Test 

Coupled electromechanical loading tests performed on 
reconstituted marine soil sample have resulted in the 
expulsion of additional pore-water that leads to an 
increased volume reduction. The interpretation of data 
obtained from coupled electro-mechanical loading tests 
such as deformation, void ratio and water content after the 
test validates the success of the EK consolidation technique 
when compared to conventional IL test. Few photographs 
related to the coupled experiment are shown in Figure 7 for 
a better understanding of the chemical and physical 
changes taking place in soil and electrodes after the 
electrochemical action. 

Figure 7(a) depicts the formation of a gas bubble during 
the initial stages of the consolidation test run with EK 
coupled constant loading. However, gas formation is 
taking place due to the electrolysis of soil and was 

observed to be directly proportional to the voltage applied. 
Figure 7(b) shows the final stage of EK coupled loading. 
At the end of the test, heavy deposition of electrode 
precipitation was observed on the loading pad and 
precipitation occurred as a result of the electrokinetic 
phenomenon at the cathode front which increased the 
resistivity of soil. Figure 7(c) shows the deteriorated 
condition of the copper electrode (Anode) after completion 
of the test due to the complex phenomenon involved with 
the electrokinetic coupled test and oxidation of copper 
electrode and generation of oxygen gas. Figure 7(d) shows 
the deteriorated condition of the copper electrode (cathode) 
after the completion of the test due to the complex 
phenomenon involved with the electrokinetic coupled test 
and reduction of the copper electrode and generated 
hydrogen gas. A higher loss of moisture content in soil at 
the anode in comparison to the cathode was observed and 
the anode and cathode sides of the soil are shown in Figure 
7 (e) and (f) respectively. Figure 7 (g) shows the side view 
of the sample after removing it from the consolidation ring. 

3.8. Scanning Electron Microscopy (SEM) 

The microfabric/particle arrangement of soil can be 
investigated with representative scanning electron 
microscopy (SEM) of the dried soil before and after the 
electro-osmosis process [40]. Soil properties and 
characteristics depend on the intermediate microstructure 
of dispersed and flocculated soil [43,46–48]. The 
compressibility and consolidation characteristics are the 
results of clay matrices, interstitial pore spaces, diffuse 
double layer (DDL), and soil particles aggregation [42,49] 
These physical characteristics can be recognized with the 
SEM image for all microstructure features like particle 
arrangements, particle assemblage and pore spaces [50] 
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At anode front Original soil At cathode front 

Figure 8.  SEM images of marine soil at anode, original and cathode section 
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Figure 8 shows the induced microfabric changes within 
the inter-electrode space for coupled loading (4V+4kg/cm2) 
when compared with the original soil sample. An alteration 
in micro-fabric can be seen in the image. The microfabric 
size increased due to the contraction of the DDL envelope 
and bonding with the negatively charged particle. Another 
main characteristic is the redistribution of pore size visible 
within the treated soils. At the anode front, the size of 
micro aggregates decreased sharply in a highly acidic 
medium due to the dissolution of clay particles but at the 
cathode front, micro-aggregates size increased. 
Electro-osmosis caused the formation of anisotropic large 
pores (macropores) within the cathode and anode zone. 
Similar findings were also reported by Korolev and 
Nesterov (2019). 

4. Conclusions 
A series mechanical and electro-hydro-mechanical 

experiments were performed to explore the mechanism for 
one-dimensional consolidation on a modified 
consolidation ring (100mm dia and 40mm height) in an 
axial direction with incremental loading up to 4 kg/cm2 
and constant loading 4 kg/cm2 with and without voltage 
gradient of 2, 4 and 6V application. The parameter studied 
from the test data is deformation, voltage, current, pH, 
void ratio and moisture content. Based on these 
parameters, experimental data is compared, analysed and 
further validated. Based on these experimental 
investigations following conclusions can be made. 
1. The present setup investigates coupled 

electro-hydro-mechanical loading effect on 
consolidation using indigenously designed 
laboratory setup with the provision of the expulsion 
of gases generated due to complex 
electro-hydro-mechanical phenomenon at the anode 
and cathode end. 

2. Electro-hydro-mechanical coupled phenomenon is 
more advantageous than mechanical due to 
additional stresses generated in presence of electric 
gradient and resulted in an increased amount of 
effective settlement which consequently decreases 
the void ratio and changes the permeability of the 
soil. The maximum settlement was observed for a 
1V/cm voltage gradient. This proves to be a notable 
impact in EK coupled loading due to the transport of 
ions includes diffusion, electromigration and 
electro-osmotic flux advection. 

3. In electro-hydro-mechanical coupled consolidation, a 
sufficient voltage loss was observed at midheight of 
sample due to soil–electrode contact resulting in 
power loss. This voltage loss is attributed to 
electrode corrosion, gas generation and heating. The 
effective voltage at mid of sample was around 70-80% 
of the applied voltage. This voltage loss can be 
accounted for by the complex mechanism involved 

from precipitation of metal hydroxides near the 
cathode and desorption of metal ions at the anode 
during the test. 

4. For electro-hydro-mechanical coupled loading 
consolidation, voltage and current are additional 
parameters recorded throughout the test with DAQ 
whereas pH of soil sample was calculated at the top, 
mid and bottom of the sample on successful 
completion of the test. This additional effect of 
electric gradient response resulted in early 
dissipation of pore water through the sample which 
was confirmed from the moisture content value 
obtained before and after the test. 

In summary, coupled electro-hydro-mechanical 
consolidation proved to be a promising technology to 
improve the consolidation characteristics of fine-grained 
soils. 
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