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An experimental study is conducted on combined electrokinetic and chemical processes for improving marine sediment.
The electrokinetic and chemical treatment is carried out on marine sediment from the Korean coast. The soil is mixed with
chemical admixtures, including sulphate-resistant cement, quicklime, and coal fly ash, and is treated with a DC current. The
effectiveness of the combined treatment is evaluated in terms of the undrained shear strength and compressibility, as well
as soil characteristics such as the water content, plasticity (Atterberg limits), carbonate content, and pore water chemistry.
The results of this study show that the combined electrokinetic and chemical treatment nearly doubled the undrained shear
strength of the marine sediment after 7 days, compared to the chemical treatment over the same time period. In addition,
the preconsolidation pressure of the EK and chemical-treated sediment increased to as high as 500 kPa when the soil sample
was consolidated under a surcharge pressure of 5 kPa, compared to that of 220 kPa after the chemical treatment under
the same condition. The improvement is attributed to significant cementation effects generated by both electrokinetics and
electrochemical reactions.

INTRODUCTION

Chemical stabilization using admixtures such as lime, cement,
fly ash, and their combinations has been applied in engineering
practice to improve engineering properties of soft soils (Mitchell
and Hooper, 1961; Mitchell, 1976; Bell, 1988). These admixtures
are also effective for the improvement of soft marine clays of high
water content, high compressibility, and low shear strength (Al-
Amoudi, 1994; Indraratna et al., 1995; Mathew and Narasimha
Rao, 1997; Supakij et al., 2004; Ho and Chan, 2011). The influ-
encing factors for chemical treatment include the soil type, curing
period, temperature, mixing ratio, initial moisture content, method
of compaction, and time elapsed between mixing and compaction.

The management of dredged sediments from harbors, water-
ways, and land reclamation is often challenging because of the
high water content, plasticity, void ratio, and compressibility, as
well as the low permeability. It is of great importance to acceler-
ate consolidation and to increase the shear strength of the dredged
marine sediments in engineering practice. Many studies have been
performed to evaluate the feasibility of chemical stabilization in
the improvement of dredged marine sediments (Dermatas et al.,
2003; Boutouil and Levacher, 2005; Liu et al., 2005; Kamali et al.,
2008; Rekik and Boutouil, 2009). Although beneficial effects of
chemical treatment were shown in several studies, the hydration
and hydrolysis reactions, which control the early strength of the
mixture of soil and chemical admixtures, are often slow com-
pared to the cement concrete, which leads to slow enhancement
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of the soil strength. On the other hand, the initial water content of
dredged marine sediments, which typically varies between 90%
and 170% (Dermatas et al., 2003), is much higher than typical
soft soil. This means more admixtures would be needed if the
chemical stabilization were applied to strengthen dredged marine
sediments. Furthermore, the effectiveness of treatment is not con-
clusive, and the cost of treatment could be high.

In this study, an innovative research is carried out, i.e., using
combined electrokinetic and chemical treatment to strengthen
marine sediment dredged from the Korean coast. The objective
of this study is to explore the effectiveness of combined elec-
trokinetic and chemical treatment in the improvement of dredged
marine sediment. Electrokinetics has been applied to strengthen
soft clayey soils for decades (Bjerrum et al., 1967; Shang and
Dunlap, 1996; Mohamedelhassan and Shang, 2002). In addition
to generating consolidation in soil when a DC voltage field is
applied, electrokinetics produces the following effects: ion diffu-
sion, ion exchange, development of ionic and pH gradients, des-
iccation by heat generated by the DC current in soil, formation
of secondary minerals, precipitation, electrolysis, hydrolysis, oxi-
dation, reduction, physical and chemical adsorption, and fabric
changes (Mitchell, 1993). Some of these effects may be beneficial
for combined electrokinetic and chemical treatment. For example,
electrochemical hardening after EK treatment has been observed,
which resulted in permanent changes in the plasticity and strength
of marine sediment, as evidenced in some studies (Micic et al.,
2002; Shang et al., 2004).

In the present study, an experimental program on dredged
marine sediment is designed and carried out. The test series was
designed to study electrokinetic treatment of the soil mixed with
chemical admixtures, including sulphate-resistant cement, quick-
lime, and coal fly ash. The effectiveness of the combined treat-
ment is evaluated in terms of the soil water content, Atterberg
limits, carbonate content, undrained shear strength, compressibil-
ity, and pore water chemistry.




