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Ground Improvement

Influence of electrochemical treatment on
a typical laterite
Ayodele and Agbede

(Chrysochoou, 2013), the reactions are summarised as follows
(Asavadorndeja and Glawe, 2005)

1. Ca’* +2(OH)” +Si0, — CSH

2. Ca** +2(0H) + ALO; — CAH

Some studies have shown that for tropical soil, aluminium
hydrate compounds are more likely to be formed (Ahmad
et al., 2011; Eisazadeh et al., 2012), probably because there is
a lot of free aluminium in tropical soil. Gidigasu (1976)
described laterite in all its form as a highly weathered natural
material formed by the concentration of hydrated oxides of
iron and aluminium.

Compounds of phosphate such as strengite (AIPO4.2H,0),
barrandite ((Al, Fe) PO42H,0), variscite (FePO4.2H,0) and
bobierrite (Mg3(PO4),.8H,0) can also be formed according
to Falamakin er al. (2008). The most stable calcium salt
according to Roeselers and Van Loosdrecht (2010) is formed
as presented in the following equation

3. 5Ca** 43P0, + OH™ — Cas(PO4);0H

Phosphate can precipitate both in alkaline and acidic soils.
Iron (Fe) and aluminium (Al) are responsible for precipitating
phosphate in acidic soil while phosphate is precipitated in
alkaline soil by calcium.

From the foregoing, there are different possibilities when phos-
phate and calcium are injected into a soil during ECT. First,
formation of CSH can occur if there is dissolution of silica
from the soil during ECT, which can react with injected
calcium provided the soil pore fluid is highly alkaline. Second,
there can be formation of aluminium phosphate precipitate if
there is dissolution of alumina from the soil, which can react
with the injected phosphate. Third, formation of CAH can
occur if there is dissolution of alumina from the soil, which
can react with the injected calcium provided the soil pore fluid
is acidic. Fourth, reaction of the injected calcium with the
injected phosphate to form calcium phosphate precipitates
is possible provided the soil pore fluid is highly alkaline.
Since laterite is an acidic soil and there is a possibility of
further acidification during ECT, it might be more beneficial
to explore cementitious compounds that can be precipitated in
an acidic environment, as also suggested by Lo et al. (2000),
Ou et al. (2009) and Ozkan et al. (1999). Thus, for laterite soil,
the second possibility is more feasible.

With the recent increase in urbanisation, which has necessi-
tated the construction of more infrastructure on soft soil with
stability and settlement problems, the geotechnical engineer is
faced with the challenge of improving soil properties in situ so

it can perform satisfactorily as a foundation material, thus
there is a need to develop a process for in situ soil stabilisation.
The main aim of this study is to evaluate the effect of ECT on
some engineering properties of a tropical laterite soil when
calcium and phosphate are injected into it, also relying on
possible dissolution of silica and alumina from the soil. There
is also a need for a non-destructive measurement of soil prop-
erties during and after ECT. Thus, soil shear wave velocity
(a measure of soil stiffness) was measured with the aid of
bender elements (BEs) in this study.

2. Experimental programme

2.1 Soil properties

A residual tropical laterite soil was collected at a depth of 2 m
below the ground surface from a geographical positioning
system location 7:519819 N and 4:534708 E in southwest
Nigeria. Soil passing sieve size 4-75 mm was used for prelimi-
nary analysis of soil, while soil passing sieve number 40 (with
0-425 mm opening) was used for the ECT tests. The prelimi-
nary analysis, including particle size distribution and consist-
ency of the soil sample, is summarised in Table 1. The major
mineralogical constituents of the soil are aluminium oxide
(Al,03) and silicon oxide (SiO,) with the ratio of silicon oxide:
aluminium oxide as 0-58, and the soil is thus laterite. Bell (2007)
stated that a soil is laterite if silicon oxide:aluminium oxide is
<1-33; lateritic soil if silicon oxide:aluminium oxide is between
1-33 and 2-0; and non-laterite if silicon oxide:aluminium oxide

Table 1. Results of preliminary analysis of laterite soil sample

Parameter Value
Natural moisture content: % 12-91
Specific gravity (Gs) 2:63
Colour Brown
pH 57
Organic matter content 0-312
Cation exchange capacity: ng/g 7023
Kn: m/s 9-8x 1078
Liquid limit LL: % 55
Plastic limit PL: % 32-17
Plasticity index PI 22-83
% passing sieve number 200 564
% passing sieve number 40 34
America Association of State Highway and Transport ~ A-7-6
Officials classification
Unified Soil Classification System classification CH
OMC: % 19-26
MDD: Mg/m? 1-63
Mineral content
Na*: ppm 19-4
K*: ppm 189
Mg?*: ppm 100
Ca’*: ppm 1073
Iron: ppm 167 108
Aluminium oxide: % 62-17
Silicon oxide: % 36:15
Haematite: % 0-9
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