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Abstract 
The materials studied were lateritic soils from Souza-Mbanga-Cameroon, 
with a view to their better use in road geotechnics. In order to achieve the set 
objective, the work was carried out in two phases, firstly in the field, to pro-
vide a morpho-structural description of the soil profiles, followed by a labo-
ratory phase to analyse the samples collected in the field. The results of the 
physical characterisation of the soil samples show that, for average values, the 
water content is 9.87%, the percentage of fines 48%, the plasticity index 21.6%, 
the liquidity limit 50.91%, and the consistency index 1.97. These soils are classi-
fied as silty sands in the LCPC classification and as fine soils in the GTR classi-
fication. The average value of the maximum dry density is 1.81 g/cm3 and that 
of the water content at the modified Proctor optimum is 16.24%. The CBR in-
dex is between 1.8% and 17.8%, showing that these soils belong to classes S1, 
S2, S3, S4 and S5. Souza-Mbanga lateritic soils can be used in their natural 
state as subgrades. 
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1. Introduction 

A well-designed and constructed road network plays an important role in 
transporting people and other agricultural and industrial products to any direc-
tion within short period of time. The importance of roads increases as the area 
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of the country increases, especially in the absence of other means of transport 
such as railways and waterways, which is often occurred in developing countries. 
In developing countries, particularly south of the Sahara, building industry is 
growing rapidly due to economic progress and the growth of rural and urban 
communities (Oyelami & Van Rooy, 2016). In Africa in general and Cameroon 
in particular, in addition to the increase in economic activity, the need to open 
up countries raises a number of questions in the field of road construction (Diop 
et al., 2014). Cameroon has almost 78,000 km of main roads, divided into na-
tional, regional, departmental and rural roads. Of these, 5133 are asphalted, 
giving an asphalted road rate of 6.58% (Eco morning 10 June 2019). Also, the 
deterioration process starts directly after opening the road to traffic. This 
process starts very slowly so that it may not be noticeable, and over time it ac-
celerates at faster rates. Laterite is a building material produced by the wea-
thering of pre-existing rocks in a hot, humid climate. Its use in road construc-
tion is of obvious interest in several countries, particularly Cameroon (Sikali & 
Mir, 1986). Among the wide range of natural materials used in the construction 
sector, laterites are abundantly available in the tropical and sub-tropical regions 
(Maignien, 1966). However, one of the prerequisites for using these materials is 
knowledge of their geological, physical and mechanical properties (Ngon et al., 
2012). A number of studies have already looked at the use of laterites in road 
construction, in particular (Millogo et al., 2006, Oyelami & Van Rooy, 2016). 
Cameroon’s coastline, mainly the Souza-Mbanga axis, is an area of heavy road 
traffic. The incessant shuttling of heavy goods vehicles is gradually leading to 
the appearance of pathologies, most often potholes, differential settlement and 
longitudinal and transverse cracking. Some studies were carried out on wea-
thering products derived from ignimbrites and those derived from granites 
(Katte et al., 2019) and aluvial material (Ngapgue et al., 2020), (Onana et al., 
2017) in order to evidence their geotechnical characteristics and their suitabil-
ity in roads construction. But till now, no study has been carried out on lateritic 
materials developed upon granitic rock which are used abundantly by local 
population and micro-enterprises, regarding their characterization and their 
significance in the road construction. The present study aims at presenting 
physical and mechanical characteristics of laterites to elaborate propositions for 
the realisation of durable road in Cameroun in general and Souza-Mbanga road 
in particular. 

2. Materials and Methods 
2.1. General Setting of the Study Area 

See Figure 1. 

2.2. Materials 

Field investigation consisted of general prospecting in order to locate lateritic 
soil deposits. This allowed to retain ten (10) sites for sampling (Figure 1). In  
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Figure 1. Location and geological settings of the study. 
 

each site, a lateritic soil was carried to laboratory. Samples were then collected in 
the different B horizons of each soil profile following the NF EN 206/CN (2014) 
standard. 

2.3. Methods 

The natural water content was carried out according the NF P 94-050 (1991) 
standard and consists of a ratio between the weight of water contained in the 
sample and the weight of oven-dried sample. For the absolute density of soil 
samples, it was determined based on the NF P 94-054 (1991) standard. The At-
terberg limits which are conventional physical constants marking the thresholds 
between the passage of a soil from liquid to plastic state and from plastic to solid 
state was done which the Sweden cone penetrometer, according to the NF P 
94-051 (1991) standard. The grain size distribution of each of the soil samples 
was determined using grain size analysis according to NF P94-056 (1996) stan-
dards. These analyses allowed the determination of size and the respective 
weight percentages of the different classes of grains constituting the soil samples. 
The bearing capacity of samples was performed by Proctor Modified test with 
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the aim to determine in the laboratory the compaction conditions of a given soil 
as a function of the water content and the compaction energy. At a given com-
paction energy, the optimum water content (Wopt) and the corresponding 
maximum dry density (γdmax) are determined. This test was determined accord-
ing to the NF P94-093 (1999) standard. The Californian Baring Ratio (CBR), 
who gives the capacity of soils samples to be available to support charge was car-
ried out according to the NF P 94-078 standard. 

All these analyses were performed at the Laboratory of Civil Engineering of 
the Coast University Institute (Douala-Cameroun). 

3. Results and Discussions 
3.1. Water Content and Atterberg Limits 

The results of the liquid limit and natural water content are presented on Table 
1 as shown below. For those tables, the natural water content present an average 
of 9.87, the average of liquid limit are 50.9 and the plastic index are 21.6. Thus 
the studied lateritic materials exhibit a hard plastic consistency (Bishweka et al., 
2021). 

The minimum liquid limit is 37, maximum are 68.4 and an average of 50.913. 
This can be explained by the high presence of fine elements in the soil samples. 
It also shows a minimum plastic limit 18.33, a maximum of 50 and an average of 
29.313. It follows with a minimum plasticity index of 10.66, a maximum of 29.86 
and an average of 21.6, finally, it shows a minimum consistency index of 1.33, a  

 
Table 1. Results of Atterberg limit and natural water content. 

Sample Natural w% LL % PL % PI CI 

P1 6.54 55.2 27.14 28.06 1.73 

P2 9.19 45 22.42 22.58 1.58 

P3 6.4 52.27 26.31 25.96 1.77 

P4 9.18 61.5 31.64 29.86 1.75 

P5 6.85 37.60 22.17 15.43 1.99 

P6 11.33 59.50 33.74 25.76 1.87 

P7 16.74 51 30.38 20.62 1.66 

P8 12.24 37 18.33 18.67 1.33 

P9 11.70 41.66 31 10.66 2.81 

P10 8.54 68.40 50 18.40 3.25 

Maximum 16.74 68.4 50 29.86 3.25 

Minimum 6.40 37 18.33 10.66 1.33 

Average 9.87 50.91 29.31 21.6 1.98 

Take note: LL = Liquidity Limit; LP = Plasticity Limit; IP = Plasticity index; IC = Consis-
tency index. 
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maximum of 3.25 and averagely it is 1.98. The classification of samples soils 
study are show in Figure 2. 

3.2. Particle Size Distribution 

Below are the tables and Figure 3 and Figure 4 of the particle size distribution 
test carried out in the laboratory for all the ten soil samples for the subgrade 

 

 
Figure 2. Abacus of plasticity indexes of materials study. 

 

 
Figure 3. Cumulative curve of particle size P1 to P5. 
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(from p1 to p10). Figure 3 present here is for the soil particle from point 1 to 
point 5 and Figure 4 is from point 6 to point 10. 

From the graph, the following observations can be made. 
From Table 2, it is seen that the percentage of gravel content in the soil sam-

ple for the subgrade from point 1 to point 10 is very low and insignificant at the 
limit, that of sand is considerable and that of fine is very high as compared to the 
how it is supposed to be for the soil to be considered as subgrade in a tropical 
zone like in our case in the litoral region. Point 8 being an exception with a per-
centage of fine not too far above the expected one. After this analysis, it is no-
ticed that studied soil samples show a percentage of fine above 35%. For this 
reason, we can draw a conclusion as stated by the practical guide for the 

 

 
Figure 4. Cumulative curves particle size from P6 to P10. 

 
Table 2. Percentages of gravel, sand and fines in samples. 

Sample Gravel (%) Sand (%) Fines (%) 

P1 0 57.70 42.3 

P2 0.05 59.53 40.37 

P3 0 54.91 45.09 

P4 0 38.46 61.54 

P5 6.23 52 41.77 

P6 29.20 27.37 42.33 

P7 0 43.82 56.18 

P8 16.4 45.13 38.37 

P9 0.19 53.59 46.41 

P10 0.04 49.37 50.59 
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dimensioning of pavement in tropical region that these soils are of poor quality 
for use as subgrade for flexible pavement (CEBTP 1984). 

3.3. Summary of Soil Classification 

The summary of classification of the soil samples obtained for the rehabilitation 
of the Souza-Mbanga road is established with respect to the results obtained 
during the characterization test. This will give an idea on the nature of the sub-
grade if it is appropriate for the road or the type of pavement to be constructed. 
This will be based on the different classification systems and the ones used here 
are; The GTR, HBR (the high way research board) and on the AASTHO systems 
of classification (Table 3). 
• For the GTR system, soils of sub-class A1 are soils that are less plastic and are 

fine sand, those of sub-class A2 are soils less that are less plastic and are fine 
sandy clayey soils and those of sub-class A3 are very plastic clayey soils. 

• For the USCS classification, all the classes listed above are clayey soils. 
• According to the AASTHO system, all the soil classes presented in the table 

are soil with percentages of fine > 35% and are classified as clayey soils and 
are either fair or poor for use as subgrade. A-8 being an exception, it repre-
sent peat or muck which is unsuitable for use as subgrade in which case the 
soil has to be evacuated and replaced by one with good characteristics. 

3.4. Modified Proctor 

After carrying out the modified proctor test, the maximum dry density was de-
termined and the water content at the maximum dry density determined for all 
the points (1 to 10). Below are the graphs plotted for the determination of the 
maximum dry densities and the optimum water contents for the ten samples and 
the table showing the values of the maximum dry densities and their respective 

 
Table 3. Classification according to different systems. 

samples 
Classification systems 

GTR HRB AASTHO 

P1 A3ts A-7-6 A-7-5 or A-7-6 

P2 A2ts A-7-6 A-7-5 or A-7-6 

P3 A3ts A-7-6 A-7-5 or A-7-6 

P4 A3ts A-7-5 A-7-5 or A-7-6 

P5 A2ts A-6 A-6 

P6 A3ts A-7-6 A-7-5 or A-7-6 

P7 A2ts A-7-6 A-7-5 or A-7-6 

P8 A2s or A2ts A-7-6 A-6 

P9 A1s A-7-6 A-8 

P10 A2ts A-7-6 A-7-5 or A-7-6 
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water content obtained from the graph presented in Figure 5 and Table 4. 
Table 4 present the maximum dry densities obtained ant each point after 

plotting the values obtained during the modified proctor test (dry density against  
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Figure 5. Modified proctor tests of soils study. 
 

Table 4. Modified proctor tests of soils study. 

Samples γdmax (g/cm3) ωopm (%) 

Pt 1 1.81 15.40 

Pt 2 1.81 16 

Pt 3 2.04 15 

Pt 4 1.76 19.20 

Pt 5 1.86 14 

Pt 6 1.81 18.80 

Pt 7 1.81 15.20 

Pt 8 1.78 17 

Pt 9 1.81 14.80 

Pt 10 1.66 17 

Maximum 2.04 19.20 

Minimum 1.66 14 

Average 1.81 16.24 
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Table 5. CBR tests of soils study. 

Sample Pt 1 Pt 2 Pt 3 Pt 4 Pt 5 Pt 6 Pt 7 Pt 8 Pt 9 Pt 10 Max Min Average 

CBR 1.8 8.48 7.09 2.66 5.24 10.07 10.67 17.8 13.95 12.66 17.8 1.8 9.042 

Note: pt = point. 
 

moisture content). According to the statement in the practical guide for dimen-
sioning pavement in tropical countries, which says “in tropical zones with a 
well-defined dry season, the natural water content slightly exceed the moisture 
content of the optimum modified proctor test in wet seasons”. With this been 
said, it can therefore be concluded that the natural moisture content in this 
project areas exceed that of the optimum modified proctor since the samples 
were collected during the dry season. 

3.5. Californian Bearing Ratio (CBR) 

The Californian bearing ratio helps us to know the capacity of the subgrade. 
The test is carried out with the help of the optimum water content obtained 
during the modified proctor test. Table 5 gives the values of CBR obtained for 
each soil. 

The result gotten shows an average CBR value of 9.04 which according to ta-
ble above the soil is either a P2 or PF1 since 6 < CBR ≤ 10 (CEBTP 1984). This 
low average CBR value is as a result of high percentage of fine grains in the stu-
died soils. 

4. Conclusion 

In conclusion, 10 soil samples were taken from the Campo basin, consisting 
mainly of fine particles. Thus, the clay fraction of the materials studied is the larg-
est. However, the consistency parameters proposed for these materials show a high 
liquidity limit (Wlmoy = 50.91), for an average plasticity index of 21.6. However, 
these parameters are influenced by the clay content of the material and its natural 
water content. With regard to the average optimum water content for compaction 
of these materials (16.24%), we can say that, in comparison with their average 
natural water content (9.87%), the materials studied were mainly in a dry state at 
the time of sampling. Also, following the classification of the materials studied, 
which according to the classification systems used, predisposed the materials to 
performance as fair to poor road infrastructure, it turned out after the CBR test 
that the materials as a whole offered mediocre bearing capacities (CBR < 10). 
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