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Introduction

Clayey soil (vertisols, planosols) are superficial layers less 
evolved and they are subject to volume variations as they are 
filled or not with water. Clayey soils are used in various domains 
and serve as building material, in the manufacturing of works of 
art and as support of buildings and roads. However, numerous 
problems of cracks met in buried pipes, pavements, buildings 
and roads result not only from an excessive loading of the base 
ground but also from several parameters which are mostly link 
to the characteristics of the base soil. In Cameroon, we meet 
clayey soil preferentially in the far north region of Cameroon 
[1]. In fact, this region is covered in large part by clay soil called 
“Karal lands” which have been proven to be one of the main 
causes of the swelling/shrinkage phenomenon [2-6]. Because of 
their instability, many constructions suffer from cracking due to 
their argillaceous nature, hence the need to stabilize them to be 
used in civil engineering.  Karal has been the subject of several 
studies for stabilization [1,7-11] due to their predominance in 
this part of Cameroon. However, very few studies [12] address 
the dimensional variation aspect. The main interest of this work  

 
is to appreciate the dimensional changes of Karal when mixed 
with various sand contents (0, 30, 40, 50, 60 and 70%) in order 
to be use in civil engineering constructions.

Materials and Method 
Several field works were realized and devoted to localizing 

monitoring sites and sampling. Laboratory tests included 
identification (Atterberg limits, particle size analysis and 
methylene blue) and characterization tests (sand equivalent, 
Proctor and measurement of dimensional change).

Materials

Hit points are located at two places; the first on the edge 
of the town of Maroua going towards Kaélé (Figure 1) and the 
second at salak near the interna-tional airport Maroua Salak 
(Figure 2). Materials were collected using parallel tubes and 
then coated with paraffin at their ends. This process allowed 
us to have an undisturbed sample that will give us in-formation 
on the type of soil in situ. Disturbed soil samples were collected 
using a shovel and a pick-axe. The samples were placed in bags 
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previously la-belled kw followed by numbers 1 and 2 indicating 
the site number. As regarding the sand (S1), it is tak-en from 

River Sanaga because of the same structure and components as 
the one found in the northern part of Cameroon [1].

Figure 1: Monitoring Site Kw1.

Figure 2: Monitoring Site Kw2.

Laboratory work

Identification tests and classification

Preliminary tests: Preliminary tests involve defining the nature of soils using basis human senses. They are indicated in Table 1.

Table 1: Classification of Soil Through Preliminary Tests.

Trials
Nature of soil

Sandy Silty Clayey

Sight Fine Fraction

Taste Unpleasant sensation within the teeth No unpleasant sensation Sticky in contact with the tongue

Touch Rough Averagely plastic Plastic and sticky

Radiance // // Plastic and sticky

Atterberg limits, grains size analysis and methylene 
bleu tests: The Atterberg limits, the particle size analysis and 
the methylene blue test are carried out respectively according 
to NF P94-051 [13], NF EN 933-1 [14] and NF P94-057 [15] and 
NF EN 933-9 [16].

Characterization tests
Sand equivalent test and the Proctor test: The Sand 

equivalent and proctor tests are realized following respectively 
NF EN 933-8 [17] and NF P 94-093 [18].
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Measurement of dimensional change: Measurements of 
dimensional change were carried out using the method proposed 
by the French norm NF P18-427 [15]. Measurements were per-
formed on swelling clay sample both undisturbed and disturbed 
and on mixtures of the same clay with 0%, 30%, 40%, 50%, 60% 
and 70% of Sanaga sand. 

Results

Identification and classification of studied materials
Preliminary characterization: Preliminary results on 

Karal and sand are presented in Table 2. 

Table 2: Classification of Soil Through Preliminary Tests.

Samples Colour Nature Touch

KW1 Yellow Clay Sticky

(S1) Yellow Sandy Rough

Plasticity of materials: Results obtained from the Atterberg 
limit tests, as presented in Table 3, show that Karal is a high 
plas-ticity soil and is classified as Class A-7-6 according to 
the AASHTO classification. This material is not so advisable in 
road construction because of its fair to poor behaviour in road 
construction. It can be use unless it’s ameliorated.

Table 3: Atterberg Limits Values.

Samples Wp Wl IP

Kw1 17,31 41,5 24,19

S1 14,8 20,46 5,66

Grain size distribution: Table 4 present the different grains 
size content meanwhile Table 5 present rate of grain size in differ-
ent mixture. The studied karal is silty clay. This nomenclature is 
specific to clay materials in the northern part of Cameroon [19]. 
The sand (S1) is of the gravel type as presented in Table 4 with 
22 % of gravel. Figures 3 & 4 show the particle size distribution 
of the karal sample and sand while Figure 5 shows the particle 
size curves of various mixtures.

Table 4: Rate of Grain Size (%).

Samples
Rate of grain size (%)

Cu CcClay Silt Sand Gravel

KW1 56 40 2,16 1,84 - -

S1 0 0 78 22 2,73 0,72

Table 5: Summary of Grain Size Rate in Various Mixtures.

Rate (%)

Sand Clay Silts Sand Gravel

10 53,6 36 6,3 4,1

20 40,6 21 31 7,4

30 37 11 43 9

40 31 9,3 49,3 10,4

Figure 3: Size-Distribution Curve of the Karal Sample (Kw1).

Figure 4: Granulometric Curve of the used Sand.
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Figure 5: Granulometric Curves of different Mixtures (10%, 20%, 30% and 40% of Sand Contain).

Value of Methylene blue: The value of methylene blue 
found is 11g/110g soil, which qualifies Karal as a material at the 
threshold separating clay soils from very clay soils, with mod-
erate swelling potential. In addition, the activity of clay fraction 
is estimated at 0.61. This value is less than 0.5 obtained by 
Ekodeck [19]. According to the norm NF P 94-068 sand belongs 
to the group of inactive soils, this is due to the quartz nature of 

sands [20]. 

Characterization of materials

Sand Equivalent: Data used to calculate the sand equivalent 
show that the value of the visual sand equivalent is equal to 
95.37% and 92.93% at the piston. These values de-scribe sand 
as a very clean one.

Figure 6: Proctor Curve of the Natural Karal.

Proctor: Results of the compaction test are recorded in Table 
6, while the dry density curve following specific water content 
is shown in Figure 6. This curve deducts the optimum water 
content and the optimum dry density value of 13.2% and 1.82 
g/cm3 for Kw1 respectively. The optimum proctor values found 
are different from those obtained by Simo [12]; this could be 
due to the amount of sand present in the material.  The modified 

proctor test on different mixtures per-mitted to have curves 
shown in Figure 7 where dry density values are represented 
on y-axis and water content values on x-axis. The results are 
summarised in Table 7. The figure shows that the maximum dry 
density increases significantly with the percentage of sand as 
the optimal water content decreases. There-fore, the materials 
become less and less sensitive to water.

Table 6: Values of the Dry Density and the Water Content at the Optimal Proctor.

Sample Optimal Proctor

Kw1
Dry density (max) Optimal water content (𝑾𝑶𝒑𝒕 %)

1,819 13,20

Table 7: Summary of Optimum Obtained for the Different Mixtures.

Percentage of sand in kw1 (%) Dry density (𝜸𝒅 𝒂)) Optimal water content (𝑾𝑶𝒑𝒕 in %)

10 2.01 11.6
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20 2.02 10.8

30 2.029 10.6

40 2.04 10.4

50 2.05 10

60 2.061 9

70 2.11 7.39

Figure 7: Proctor Curves of the Different Mixtures.
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Figure 8: Dimensional Change of Natural Karal.
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Figure 9: Dimensional Change of Natural Karal.

Swelling-shrinkage: Laboratory results allowed the 
dimensional change of Karal to be represented by water content 
and time (Figure 8) on undisturbed or disturbed soil samples. 
The analysis of these results shows that Karal is a highly 
sensitive material same as Bana in their work published in 2016, 
it is observed just 30 minutes after the start of the test that the 
comparator needle reaches 14.2. The shrinkage is progressively 
pronounced as the water content decreases and stabilizes after 

six (6) hours at the water content of 2.4. Regarding mixtures, the 
examination of the curves in Figure 9 shows that the amplitude 
of the swelling/shrinkage depends on the water content of the 
material. The phenomenon is more accentuated as the water 
content is high. The best results are observed for mixtures 
containing 70% of sand where the amplitude is then minimal as 
shown in Figure 10 and Table 8.
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Figure 10: Amplitude Obtained from the Dimensional Change.

Table 8: Récapitulatif D’amplitude Pour Chaque Mélange.

Ratio of Sand (%) Total swelling G (mm) Shrinkage R (mm) Amplitude = G+|R| (mm)

0 0,142 -0,093 0,235

10 0,138 -0,081 0,219

20 0,133 -0,070 0,203

30 0,060 -0,053 0,113

40 0,056 -0,047 0,103

50 0,045 -0,040 0,085

60 0,041 -0,0367 0,034

70 0,021 -0,013 0,077

Conclusion
The objective of this work was to study the dimensional 

change of karal in order to justify the relevance of its use in 
infrastructure works through mixtures of the latter with sand 
at various rate based on the results of previous work. Tests 
were conducted on natural Karal and sand-stabilized Karal at 
per-centages ranging from 10 to 70, including identification 
tests such as particle size analysis, Atterberg limits, and 
characterization tests such as the modified Proctor test and 
comparator swelling/shrinkage measurement on Proctor 
Modified samples. The results of these tests show that the Karal 
studied is a low-lift, silty clay soil of class A-7-6 according to the 
ASHTO classification; the phenomenon of swell-ing-shrinkage 
occurs when the water content begins to decrease and depends 
on the state of consistency of Karal because its greater sensitivity 
is observed at the transition from solid to plastic; the effect of de-
creasing the swelling-shrinkage phenomenon by add-ing sand 
becomes perceptible from 40% sand. Swell-ing decreases as the 
proportion of sand increases. In the specific case, it was minimal 
for the value of 70% sand which is the highest percentage value 
used. The results obtained from this study are usable in road 
construction and in the building. However, the results obtained 
in this study do not allow us to understand all the causes of 
swelling/shrinkage.
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