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1 INTRODUCTION 
 
After laterite first discovered by Buchanan in 1807 in 
India, little was known about its formation and occur-
rence, apart from the definition given by Buchanan. 
Years later, through many studies, laterites can be 
identified and categorised (Maignien 1966). One of 
these categories are expansive laterite, they are soils 
that swell when given access to water and shrink 
when moisture is removed, this, however, depends on 
the particle distribution of the given laterite. Expan-
sive soils are widely available as they are the result of 
the weathering of parent materials in the presence of 
weathering agent (Charlie, Osman & Ali 1985). Tech-
nically, expansive soils are quite challenging when 
used for various earthworks and engineering con-
structions such as road pavements, earth dams, em-
bankments etc (Azam Abduljauwad Al-Shayea & Al-
Amoudi 1998, Huang 2004). One of the identified 
reasons for this behaviour is the presence of clay and 
silt that unfavourably responds to change in water 
content. In situations where laterites are unavoidably 
recognised as construction materials, stabilization can 
be used to improve its properties and increase project 
design life (Keable 2003). The simplest known ap-
proaches to establish stabilization are compaction of 
soil particles and draining out of absorbed water in 
wet soil (Lambe 2008). In addition, additives such as 

CaCl2(calcium chloride), gypsum, fly ash, cement 
and lime have been used to modify the properties of a 
locally available soil to improve its engineering per-
formance (Degirmenci, Okucu & Turabi 2007). 

In this present investigation, a locally sourced gyp-
sum product has been used as a chemical stabilization 
material to improve laterite index properties. Labora-
tory experiments according to British Standard were 
carried out on the obtained laterites. This paper de-
scribes the results of Atterberg limits test and CBR 
test on the gypsum stabilized laterites. The relation-
ships analysed were; California bearing ratio (CBR) 
value against gypsum content, maximum dry density 
(MDD) value against gypsum content, and liquid 
limit against gypsum content. These results obtained 
can be used to quantify the effects of gypsum on lat-
erite index properties. Also, the outcome would sup-
ply road designers another alternative to laterite sta-
bilization. Furthermore, improved laterites index 
properties with gypsum would influence the wide-
spread use of both laterites and gypsum as engineer-
ing materials.  
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British Standard (BS)- 1377:1990. The study revealed that the laterite’s CBR was improved from 8.77% at 0% 
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2 EXPERIMENTAL WORK 

2.1 Materials 

Representative samples of the laterites were obtained 
from the geomorphological zone of the Niger Delta, 
Nigeria, and at an average depth of a meter below top 
soil. The main materials required for this study are 
laterites and gypsum. Table 1 below itemize the char-
acteristics of the laterites used for the compaction, At-
terberg and CBR tests.  

The soil sample was classified as an A-2-6 soil in 
the AASHTO soil classification system. Also, ac-
cording to the unified soil classification system 
(USCS), the laterite belongs to SC the group (silty 
sand with medium plasticity). According to the clas-
sification systems, the rating of the laterite as a road 
foundation material was relatively poor. This infor-
mation suggests that modification through stabiliza-
tion would be necessary. Therefore, in this study, 
gypsum was adopted as the sole stabilizer. The gyp-
sum used in this investigation is whitish in colour and 
powdery in form. Once the laterites characteristics 
were known, self-cementing gypsum was added at 
percentages of 3.0 %, 5.0 %, 7.0 %, 9.0 %, and 11.0 
% (by dry weight of soil) to the laterite soils. The 
chemical composition of the gypsum used for this ex-
periment is summarized in Table 2. 
 
Table 1. Properties of the natural laterite. 

Characteristics             Data  

Natural moisture content (%)        16.90 

Percentage passing BS No 200 sieve (%)    1.5  

Liquid limit (%)             37.10 

Plastic limit (%)             16.62  

Plasticity index (%)            20.48 

AASHTO classification          A-2-6  

UCSC classification           SC  

Maximum dry density (kg/m3)        1430 

Optimum moisture content (%)       15.8  

Specific gravity              2.35 

Condition of air-dried sample        Brown  

 
Table 2. Chemical properties of gypsum. 

Material    Constituent    Percentage 

               (%) 

Gypsum    CaO        32.6 

Gypsum    SO3        46.5 

Gypsum    H2O        20.9 

2.2 Testing equipment 

Manual tools were used to obtain samples after re-
moving the top sand layer. Also, the equipment ac-
cording to testing standards was used to determine the 
classification of the samples. Examples of such 
equipment include a set of sieves, density bottles, 
Casagrande device, shrinkage mould, compaction set 
up. While to identify the effects of gypsum on later-
ites, compaction and CBR experimental set up were 
used to quantify the improvement of index properties 
on the resulting mixture. All tests were performed at 

about room temperature. The CBR set up consist of 
CBR mould with height and diameter as 175 mm and 
150 mm respectively, extension collar (50 mm high), 
base plate (10 mm thick), spacer disc, rammer, slotted 
mass, cutting collar, penetration piston. 

2.3 Procedures 

The procedures of the aforementioned tests were ac-
cording to the British Standards. Specifically, the spe-
cific gravity, moisture content, liquid limits and 
shrinkage limit of the laterite were determined with 
reference to BS 1377: 1990 No. 2 (British Standards 
Institution 1990a).  

For each category of tests, laterites samples were 
selected and thoroughly mixed with gypsum powder 
in different percentage of the soil samples. The range 
of the gypsum percentage used in this study was 0% 
- 11%. Compaction properties are determined by 
standard Proctor test as per BS 1377: 1990 No 4 
(British Standards Institution 1990b). The test was 
performed in a cylindrical mould of 1000 ml capacity 
using a rammer of 2.5 kg. Un-soaked and soaked 
CBR values of laterite sample were determined as per 
procedure in the testing standard.   
 
 
3 LABORATORY TESTS 

3.1 Laterite grain classification 

By passing the sample downward through a series of 
standard sieves from 4.75 mm to 0.075 mm, each of 
decreasing size openings, the laterite is separated into 
several groups, each of which contains soil in a size 
range. Soil retained in each sieve was weighed and 
noted. Since the soil passing 75 µm was above half 
the weight of the sample, hydrometer method was 
used to analyse the finer particles of the soil sample. 
Cumulative weight passing through each sieve was 
calculated as a percentage of the total sample weight 
(Fattah 2008). The result of the sieve analysis was 
then plotted on the graph as shown in Figure 1 which 
describes the percentage passing against the sieve 
sizes. 

3.2 Effects of gypsum on Atterberg limit 

In this study, gypsum, also called calcium sulphate 
dihydrate and is chemically represented as 
CaSO4.2H2O was added in varying percentage to the 
laterite. The impact of the prepared gypsum to the At-
terberg limits of the laterite was analysed through the 
plot of liquid limit and plastic limit against gypsum 
content percentage (Azam et al. 1998). As shown in 
Figure 2, it can be observed that liquid limits gener-
ally reduced with an increase in gypsum content per-
centage. Also, as gypsum percentage increase plastic 
limits reduce. From the previous study by Degirmenci 
et al. (2007), reasonable reduction of liquid limits 
couple with an increase in plastic limit is a positive 
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indication of improvement in the laterite index prop-
erties.  
 

 
Figure 1. Particle size distribution curve for laterite. 

 

Figure 2. Atterberg limits variation with increasing gypsum con-
tent. 

3.3 Effects of gypsum stabilizer on maximum dry 
density and optimum moisture content 

The result obtained from the investigation, as shown 
in Figure 3, reveals that the dry density increases as 
gypsum content increase. This observation agrees 
with the fact that chemicals such as cement, lime and 
ash have the potential to increase densification of the 
soil particles.  In other words, the addition of chemi-
cal stabilizer most often results in the expulsion of 
voids, hence, the increase in density after adequate 
compaction have been applied (Bell, 1993). 

Also, from the series of tests carried out, it can be 
observed that optimum moisture content (OMC) re-
duces as the gypsum content increases, as illustrated 
in Figure 4. OMC reduction was assumed to be due 
to the less water required in hydrating and lubricating 
the laterite-gypsum mixture. In agreement with this 
finding, Degirmenci et al (2007) conducted a study on 
soil stabilization with phosphogypsum and identified 
that optimum moisture content decreases with in-

creasing phosphogypsum content. Also, the dry den-
sity and moisture content relationship for different 
percentages of gypsum was analysed and represented 
as shown in Figure 5. 

 

 

Figure 3. Maximum dry density variation with increasing gyp-
sum content. 

 

 
Figure 4. Optimum moisture content variation with increasing 
gypsum content. 

 

 
Figure 5. Moisture content -dry density relationship of various 
gypsum percentage. 
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3.4 Effects of gypsum on bearing strength of 
laterite 

To determine the influence of gypsum on the bearing 
strength of the given laterite, CBR tests were carried 
out in the laboratory on the prepared samples. The 
percentage of gypsum added ranges from 3% to 11% 
at an interval of 2%. In agreement with the study by 
Otoko & Manasseh (2014), in which, compound salts 
were used to stabilized Nigerian laterites, it was ob-
served that increase in stabilizer content such as gyp-
sum resulted into a steady improvement of the bear-
ing strength of the laterite. In other words, dry density 
and California bearing ratio are directly proportional 
to the increase in stabilizer content, as given in Table 
3 below (Jaksa, 2010). 
 
Table 3. Compaction properties and CBR values. 

Gypsum    MDD     OMC  CBR 

(%)    (kg/m3)     (%)    (%)  

0     1.58      16.8   8.77 

3     1.59      15.9   11.62 

5     1.72      15.8   12.82 

7     1.74      15.8   13.46 

9     1.77      15.2   13.87 

11     1.78      14.7   30.06 

 
 
4 CONCLUSIONS 
 
The following conclusions are reached as a result of 
the conducted experimental investigation of the ef-
fects of gypsum on laterite geotechnical property, 
where the gypsum acted as the stabilizer; 
1. Stabilizing laterite with gypsum generally reduces 

the liquid limit, increases the plastic limit and re-
duces plasticity index. From engineering princi-
ples, a reduction in plasticity is a positive indicator 
of the index property.  

2. With respect to the influence of gypsum on dry 
density and moisture content, increase in gypsum 
content resulted in an increase in density while the 
inverse was recorded for moisture content. 

3. Gypsum stabilization generally increases the CBR 
of laterites. The CBR value of 30.0% was recorded 
at 11% gypsum content. 

4. Economically, gypsum stabilization is relatively 
advantageous compared to other stabilizers.  
 
 

5 RECOMMENDATIONS 
 
It can be recommended that the use of laterites as sub-
base and subgrade or foundation soil in road construc-
tion is subject to the addition of a stabilizer such as 
gypsum. Based on this study, 11% gypsum content is 
enough to provide necessary improvement for engi-
neering application. According to Thagesen (2005), a 

minimum CBR of 30% is suitable as subbase materi-
als. 

For further research, the effects of gypsum on lat-
erite can be extended by considering using gypsum in 
its dehydrated form. Also, it would be important to 
investigate whether removal of water from gypsum 
could rank with gypsum been mixed with ash with re-
spect to soil index properties.    
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