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Abstract - The stabilization of a Nigerian deltaic 

clay, locally known as ‘Chikoko’ is necessary due 

to its extreme softness requiring expensive deep 

foundation. Light surcharge loads can cause 

considerable deformation and failure in this clay. 

This paper presents the investigation of the use 

of Sodium, calcium and Magnesium Chlorides in 

the stabilization of the Chikoko clay. The results 

show that the chloride contents are directly 

proportional to the maximum dry unit weight 

and the unconfined compressive strength (UCS) 

and inversely proportional to the optimum 

moisture content and the atterberg limits. 

Key Words: Chikoko, atterberg limits, chlorides, 
unconfined compressive strength, maximum dry 
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Introduction 
The Chikoko presents as dark brown, dark grey, to 
black fibrous material with characteristic foul 
odour. It has low strength and is highly 
compressible (Wong et al 2008, islam and Hashin 
2008, Adesunloye 1987). This kind of peaty clay are 
found all over the world occupying about 4.5% of 
total land areas (Deboucha et al 2008). 

Chikoko like other peaty clays can be strengthened 
by various techniques (Kalantari and Haut 2008). 
Hebib and Farrell (2003) supported foundation 
loads by combining surface stabilization with 
stabilized cement columns. Black et al (2007) 

transferred loads to the lower firm stratum by 
reinforced stone column.  

However, Perloff (1976) defined soil stabilization 
as improvement of soil properties by adding 
something to it, to improve the soil moisture; soil 
cohesion and cement/water proof the soil 
(Jonathan et al 2004).  

Chikoko is usually found in the mangrove swamp of 
the Niger Delta, Nigeria, and like other peats swell 
when in contact with water (Chen 1981). Cement 
and lime are most commonly used for the 
stabilization of this soil (Otoko 2014) to ensure 
high strength. As high strength may not always be 
required, cheaper additives such as chlorides and 
gypsum have been used to stabilize soils (Pyne 
1955; Chen 1981, Ghafoori and Cai 1997, Ghafoori 
2000, Azadic et al 2008). 

This paper therefore, presents the stabilization of a 
deltaic marine clay (Chikoko) with Sodium, Calcium 
and Magnesium Chlorides.        
 

Experimental Procedure 
The Chikoko soil of the salt water swamp of the 
Niger Delta is selected for this study. The soil 
sample was taken from Eagle Island, Port Harcourt 
(fig. 1) at the depth of about a meter below top soil. 
The geological map of Port Harcourt is shown in fig. 

2. The properties and classification of the soil are 
given in table 1, and the particle size 
distribution of the chikoko soil is given in fig.3 
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Fig.1 : Chikoko site at Eagle Island, Port Harcourt, 
Nigeria 
 
 

 

 

 

 

Fig. 2: Geological Map of Port Harcourt, Nigeria 

Laboratory Tests  

The Magnesium, Calcium and Sodium Chlorides 

were each dissolved in water, left for one day, 

mixed with soil and the soil prepared and tested 

according to ASTM (D1557) for modified proctor 

compaction, moisture content and dry unit weight 

relationship. The soil was compacted in 5 layers 

into 1000cm3 mould, and the dry unit weight – 

moisture content relations for different percentages 

of the different chlorides determined (see fig. 4). 

Liquid limit was determined by the Cassagrande 

apparatus according to ASTM (D423-66), while the 

plastic limit was determined according to ASTM 

(D424-59), all to investigate the effect of the added 

chlorides on the consistency limits (see fig. 5). 

 

 

 

 

 

Table -1: Physical properties of the Chikoko soil 

S/No Properties Values 

1 Depth of sampling (m) 1.0 

2 Specific gravity 2.17 

3 Bulk Unit Weight (kN/m3) 14.5 

4 Natural Moisture Content (%) 66.5 

5 Liquid Limit (%) 70.0 

6 Plastic Limit (%) 36.9 

7 Plasticity Index (%) 33.1 

8 Liquidity Index (%) 0.89 

9 Shrinkage Limit (%) 18.4 

10 Organic Content (%) 6.6 

11 pH 6.8 

12 Grain size distribution: 
(i) Clay size (%) 
(<0.002mm) 

 
41 

(ii)Silt size (%) 

(>0.002<0.075mm) 

40 

(iii) Sand size (%) 
(>0.075mm) 

19 

13 Activity 0.81 

14 Free Swell Index (cc/g) 4.25 

15 Salinity (g/I) 4.10 

 

 

 

 

 

 

 

 

Fig. -3: Particle size distribution  curve of the chikoko 

soil 
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The stress- strain relationships of the soil are given 
in fig. 6, which shows that unconfined compressive 
strength is directly proportional to the chloride 
content which is in agreement with Perloft (1976). 

Fig. 4 shows that the dry unit weight is directly 
proportional to the chloride content while the 
optimum moisture content is inversely 
proportional to the chloride content, both of which 
is in agreement with Frydman and Ehrenrich 
(1997), Wood (1971) and Lambe (1958). 
The atterberg limits are shown in fig. 5; which are 
inversely proportional to the chloride contents, 
which is in agreement with Ventatabor (1977). 

The stress- strain relationships of the soil are given 
in fig. 6, which shows that unconfined compressive 
strength is directly proportional to the chloride 
content which is in agreement with Perloft (1976). 

Conclusion 
There is considerable influence of the three 
chloride compounds studied, on the properties of 
the Chikoko soil. It is shown from this work, that 
the optimum moisture content and atterberg limits 
are inversely proportional to the chloride content, 
while the unconfined compressive strength and 
unit weight are directly proportional to the chloride 
content. 
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