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Abstract 
The southern road network covers the eastern, central and southern adminis-
trative regions; its linear network of national and provincial roads is about 5 
620 km. It was the subject of a survey for the identification of lateritic qua-
rries. To this effect, 144 sites have been discovered. The collected lateritic gra-
vels were subjected to identification analyzes (Granulometry, Atterberg Lim-
its, densimetry, water content) and geotechnical characterization tests (Proc-
tor Modified, CBR at 95% OPM). The obtained results show that the grain 
size has a great percentage of gravels (>60%) followed by sand. Stones silt and 
clay particles are poorly represented. The samples show a high plasticity in 
conformity with Casagrande’s plasticity diagram. The density values of the 
solid particles (γs) are quite stable in the studied area and vary between 26 and 
29 KN/m3 for a natural water content comprised between 10% and 20%. The 
modified proctor test gives an optimal water value (Wop %) comprised be-
tween 8% and 12%. Dry density values (γd) varied between 18 and 30 KN/m3. 
The bearing capacity of the materials is good (30 < CBR < 90). These results 
permit the recommendation of the studied materials as foundation layers of 
roads for traffic classes between T1-T4. 
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1. Introduction 

Within the framework of the program of putting in place of a map of lateritic 
deposits and quarries in Cameroon, jointly piloted by LABOGENIE (National 
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Laboratory of Civil Engineering) and MINTP (Ministry of Public Works), the 
road network of southern Cameroon has been covered. The aim of this study is 
to collect a data bank for geotechnical characteristics of lateritic gravels so as to 
provide quality materials for better road construction. This study is a first step in 
the concretization of this important project. The work consists of referencing the 
various lateritic deposit sites identified along the road side, to carry out their 
complete characterization and to indicate the place of the materials in the road 
construction, in the light with their properties. This work is in line with the im-
portance attributed to lateritic gravels for road construction in tropical countries 
where lateritic soils often develop [1]. More often, in road structures, gravels are 
advised to be used as foundation or base layers [2] [3] [4]. Grain size distribution 
and the load bearing capacity are the first indices of their choice [5] [6] [7]. Lat-
eritic gravels equally have the advantage of good porous properties whereby they 
are often used as pavements for road surfacing [8]. In Cameroon, recent works 
have been carried on geology, geotechnical and mechanical characterisation of 
lateritic gravels in South Cameroon [9] and East Cameroon [10]. Unfortunately, 
these works have maintained a very punctual character and the number of sam-
ples has not been of interest in the road network. The present study will enable 
intensive sampling in the road network and make available an important data 
bank concerning the studied gravels so as to know their place in road construc-
tion work.  

2. Geological Setting 

The Ministry of Public Works of Cameroon has subdivided the road infrastruc-
ture into three major networks: Northern, Western and Southern. The Southern 
network (Figure 1) which is the main focus of this work covers the administra-
tive regions of the Centre, East and South. It is limited to the North by the Ada-
mawa region, to the West by the Atlantic Ocean, to the East by the Central Afri-
can Republic (CAR) and to the South by Equatorial Guinea, Gabon and Congo. 
According to [11], the study area belongs of three climatic zones: 1) the equa-
torial climate with four seasons, 2) the coastal equatorial climate and 3) the 
equatorial and tropical transition climate. The common characteristic of these 
climates is the presence of dense forest vegetation with some peri-forest savan-
nas. The basement in the study area is mostly made up of metamorphic rocks 
such as gneiss, schists and quartzites as well as plutonic rocks particularly gran-
ites and associated rocks [12]. These rocks are often made up of varied mineral 
associations. However, they all have high contents in silica and aluminum [13]. 
Tectonically, this basement is characterized by a network of fractures. The com-
pact nature of these formations render them as very good materials for civil en-
gineering especially in road and house construction [14]. The soils are “ferralit-
ic” and are characterized by a thick layer of a weathering mantle whose lateritic 
gravels constitute their specific products [15]. These soils develop on a basement 
which belongs either to the Congo craton, the mobile zone or to the sedimentary  
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Figure 1. Location of study sites. 

basins [12]. The lowlands are mainly covered by hydromorphic soils [16]. 

3. Materials and Methods 

The linear of the road network in South Cameroon enabled the indexing of 144 
lateritic gravel sites with 44 in the South region, 50 in the Centre region and 50 
in the East (Figure 1). Layered gravels are often discontinuous. Thus, the re-
search methodology consisted of: 1) identifying favorable areas a priori; 2) reali-
zation of three to five wells according to an estimable surface to determine the 
thickness of the lateritic gravel and the exploitable power of the lateritic bor-
rowing and finally take the samples for carrying out the tests in the laboratory. 
Wells have been opened to an average depth of 2.50 m (Figure 2). For borrow-
ings sites already operated, the material was taken either from the slopes, in wells 
with an average depth of 1.0 m or in abounding heaps. A minimum of three (03)  
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Figure 2. Geological sketch section of the studied lateritic gravels. LG: lateritic gravels. 
 
withdrawals were made by borrowing area, for a total weight of 150 kg. The 
samples taken from the field were transported to LABOGENIE (Yaoundé, Ca-
meroon) to carry out tests according to the French standards [17] [18] [19] [20] 
[21]. The results of mineralogy and geochemistry were obtained thank to the 
anterior works conducted on the area. 

4. Results 
4.1. Mineralogy 

The lateritic gravels of South Cameroon are mainly made up of quartz, kaolinite, 
hematite, goethite and muscovite [9] [13] [22] and accessory amounts of anatase 
and ilmenite (Table 1).  

4.2. Geochemistry of Major Elements  

Past works [9] [10] [13] [22] has enabled the explanation of the distribution of 
major elements in the lateritic gravels of the South, Centre and East regions. 
Three main oxides consisting of silica, alumina and iron show high contents 
(Table 1). Evaluation of the average content of oxides in South Cameroon show 
that silica is the most abundant oxide (37.04 wt.%) followed by iron (32.43 wt.%) 
and aluminum (17.04 wt.%). Binary diagrams built give the distribution of these 
main oxides (Figures 3(a)-(c)). 

4.3. Grain Size Distribution 

Grain size analysis enabled the establishment of grain curves. Tables 2-4 show 
the percentage of particles in sieves with varied sizes in the three regions con-
cerned. Figure 4 shows derived grain size distribution curves. These curves show  
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Table 1. Mineral assemblage and major element distribution. 

 
East South Centre  

E1 E2 Av. 1 S1 S2 S3 S4 S5 S6 S7 S8 S9 Av.2 C1 C2 C3 C4 C5 Av. 3 Av. 

Mineralogy 

Q, K, 
H, 
Go,  
Gi. 

Q, K, 
H, 
Go,  

Gi, M 

- 
Q, K, 

H, Go,  
Gi, M 

Q, K, 
H, 
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Gi, M 

Q, K, 
H, 
Go,  

Gi, M 

Q, K, 
H, Go, 

A 
Gi, M 

Q, K, 
H, 
Go,  

Gi, M 

Q, K, 
H, 
Go,  

Gi, M 

Q, K, 
H, 
Go,  

Gi, M 

Q, K, 
H, 
Go,  

Gi, M 

Q, K, 
H, 
Go,  

Gi, M 

- 

Q, K, 
H, Go, 

A 
Gi, M 

Q, K, 
H, 
Go,  

Gi, M 

Q, K, 
H, Go, 

A 
Gi, M 

Q, K, 
H, 
Go,  

Gi, M 

Q, K, 
H, Go, 

A 
Gi, M 

- - 

SiO2 54.29 45.29 49.79 33.11 34.45 34.36 54.65 29.12 33.74 36.26 25.74 31.13 34.73 67.72 25.31 28.64 28.08 30.76 36.10 37.04 
Al2O3 14.99 19.55 17.27 15.13 18.50 18.11 13.58 15.54 19.49 20.68 18.41 17.93 17.49 9.27 18.17 17.99 16.79 18.5 16.14 17.04 
Fe2O3 17.71 21.10 19.41 39.21 33.51 33.29 20.07 42.26 31.75 24.48 41.99 39.52 34.01 14.85 41.93 37.86 42.82 36.47 34.79 32.43 
MnO 0.02 0.02 0.02 0.03 0.02 0.01 0.01 0.02 0.01 0.01 0.002 0.002 0.01 0.02 0.05 0.03 0.14 0.04 0.056 0.03 
FeO 0.43 0.53 0.48 0.19 0.32 0.34 0.34 0.36 0.42 0.23 0.18 0.16 0.28 0.21 n.a n.a n.a n.a 0.21 0.31 
MgO 0.22 0.08 0.15 0.39 0.06 0.08 0.10 0.07 0.12 0.07 0.02 0.03 0.10 0.30 n.a n.a 0.02 n.a 0.16 0.12 
CaO 0.03 0.05 0.04 0.04 0.02 0.03 0.03 0.03 0.02 0.03 0.02 0.02 0.03 0.05 n.a n.a n.a n.a 0.05 0.02 
Na2O 0.09 0.03 0.06 0.04 0.04 0.03 0.03 0.04 0.3 0.04 0.05 0.03 0.07 0.01 n.a 0.02 0.01 0.04 0.02 0.05 
K2O 0.60 0.18 0.39 0.88 0.12 0.16 0.24 0.19 0.23 0.11 0.02 0.10 0.23 0.75 n.a 0.07 0.08 0.11 0.25 0.26 
TiO2 0.91 0.54 0.73 0.82 0.49 0.61 0.63 0.72 0.66 0.59 0.51 0.55 0.62 0.58 1.25 1.71 1.28 1.4 1.24 0.83 
P2O5 0.09 0.13 0.11 0.16 0.13 0.11 0.10 0.18 0.139 0.114 0.07 0.07 0.12 0.07 0.16 0.36 0.18 0.17 0.19 0.14 
LOI 9.46 11.46 10.46 10.76 11.59 10.87 8.67 10.72 12.52 12.04 11.67 10.04 10.99 5.98 12.5 12.82 11.1 11.86 10.85 10.88 

Total 98.84 98.96 98.9 100.58 99.25 98.00 98.45 99.25 99.13 98.66 98.69 99.58 99.07 99.60 74.06 99.5 100.5 99.35 94.60 99.14 
S/R 3.68 2.65 3.165 0.61 1.47 1.49 3.52 1.17 1.44 1.59 0.97 1.23 1.50 2.80 0.42 0.51 0.47 0.56 0.95 1.54 

CIA% 95.60 99.90 97.75 95.50 100 100 99 100 100 100 100 100 99.39 92.5 100 100 100 100 98.5 98.91 

Notes: E1, E2: East sample’s number; S1, S2, S3, S4, S5, S6, S7, S8, S9: South sample’s number; C1, C2, C3, C4, C5: Centre sample’s number; AV.1, AV.2, 
AV.3, AV.: 1st, 2nd, 3rd and General Average respectively; n.a: unanalyzed element, Min: mineralogy; Q: Quartz; K: Kaolinite; H: Hematite; Go: Goethite; A: 
Anatase; Gi: Gibbsite; M: Muscovite. 

 
Table 2. Grain size analysis (south region). 

Sieve opening 
20 10 5 2 1 0.5 0.08 

Sieve opening 
20 10 5 2 1 0.5 0.08 

n n 
1 96.5 80.7 63.3 49.1 45 36.8 26.8 23 100 84.8 48.2 34.8 33.2 31.6 29.1 
2 88.5 63.5 48 31.5 21.2 20.3 18.5 24 95.9 87.1 73.1 66.6 58.8 41.3 28.4 
3 94.2 68.5 52 39.7 32.6 26.3 21.1 25 98.4 60.9 30.1 26.4 23.8 22.4 15.1 
4 97.4 79.6 57.4 38.3 34.1 26.3 18.2 26 90.1 66.6 54.9 48.8 45.1 42.7 34.4 
5 100 85.4 50.1 37.2 35.6 34.1 31.7 27 100 81.6 65.5 51.7 47.6 44.8 34.7 
6 92.1 70.9 30.3 17.9 15.3 14.1 11.8 28 94.9 83.9 75.9 70.3 66.4 58.3 29.1 
7 100 85.4 50.1 37.2 35.6 34.1 31.7 29 90.1 66.6 54.9 48.8 45.1 42.7 34.4 
8 100 93 53 34 33 30 24 30 94.6 83 74.5 68.6 64.4 55.9 25 
9 99.8 89 57 45 43 40 34 31 100 79.8 62.1 47 42.5 39.5 33.6 
10 99.6 89.5 57.1 45.8 43.4 40.3 34.7 32 100 85.6 61.2 46.4 41.9 37.6 32.4 
11 92.5 64.7 41.5 33.8 30.4 26.1 22 33 92.6 69.1 42.9 26.3 24.2 22.6 19.3 
12 97.1 78.2 42.3 31.5 30 29.2 24 34 92.6 69.1 42.9 26.3 24.2 22.6 19.3 
13 98.5 91.7 59 43.3 39 35.7 28.3 35 100 85.4 50.1 37.2 35.6 34.1 31.7 
14 98.3 83.3 56.3 47.7 45.3 43.3 36.7 36 100 85.5 50.6 37.8 36.3 34.7 32.4 
15 - 100 66.1 60.9 55.3 50.4 41.4 37 100 84.3 46.4 32.6 31 29.3 26.7 
16 98.5 80 55.2 46 43.7 40.7 36 38 100 81.5 64.1 59 52.8 43.5 25.4 
17 94.6 82.8 74.2 68.3 64.1 55.5 24.4 39 100 85.4 50.1 37.2 35.6 34.1 31.7 
18 99 88.3 61 43 37.3 34.7 29 40 100 91 55.9 38.7 36.5 35.2 30.5 
19 97.7 80 49.3 34 30.7 29.3 25.3 41 100 92.9 45.5 19.9 16.3 15.3 14 
20 93.3 70.7 54 45.3 43 39 26.7 41 100 85.4 73.3 37.2 35.6 34.1 31.7 
21 93.1 76 58.4 39.9 29.7 28.7 25.9 43 100 85.4 50.1 37.2 35.6 34.1 31.7 
22 89.7 74.2 58.5 51.7 44.7 37.8 25.1 44 94.9 83.9 75.9 70.3 66.4 58.3 29.1 

n: sample’s number. 
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Table 3. Grain size analysis (centre region). 

Sieve 
opening 

(mm) 
20 10 5 2 1 0.5 0.08 

Sieve 
opening 
(mm) 

20 10 5 2 1 0.5 0.08 

n        n        

1 100 97.2 85.6 77.90 65.90 58.00 17.90 26 100.00 85.00 61.00 49.00 35.00 33.00 21.10 

2 100 86.8 77.3 72.80 56.30 46.30 21.60 27 100.00 84.00 59.00 40.00 35.00 32.00 20.00 

3 100 85.7 61.8 58.20 47.70 40.70 18.60 28 - 79.10 60.30 33.10 29.00 25.00 15.00 

4 100 95.3 83.1 52.50 45.60 42.00 33.60 29 92.60 69.10 42.90 26.30 24.20 22.60 21.30 

5 100 99.4 64.3 52.30 46.20 43.80 32.60 30 - 79.10 57.70 34.20 28.00 25.50 22.70 

6 100 93.1 44.3 35.30 28.20 25.20 20.40 31 - 78.20 49.10 31.20 27.00 24.50 15.00 

7 100 96.1 79.2 42.90 34.40 28.10 22.20 32 97.00 78.00 40.00 21.00 20.00 19.00 25.00 

8 92.6 69.1 42.9 26.30 24.20 22.60 19.30 33 - 79.70 55.00 34.50 33.00 28.10 25.00 

9 96.2 74.3 34.5 19.80 17.20 16.30 13.80 34 - 78.70 56.80 36.00 33.00 28.60 25.00 

10 99.8 79.7 - 26.90 24.10 22.60 18.90 35 100.00 81.00 50.00 34.00 29.00 27.00 31.50 

11 99.8 95.8 81.0 75.30 65.90 57.40 25.20 36 90.00 72.00 56.00 47.00 44.00 39.00 19.30 

12 99 81.8 38.7 27.10 25.70 25.30 24.00 37 100.00 81.00 50.00 31.00 29.00 27.00 21.10 
13 99 81.8 38.7 27.10 25.70 25.30 35.50 38 97.00 79.000 54.00 35.00 33.00 32.00 25.80 
14 91.9 8.1 64.3 51.30 48.20 45.90 47.90 39 91.70 83.500 56.40 41.30 39.10 37.90 24.00 
15 90.5 68.4 49.9 43.70 41.30 31.00 18.90 40 92.60 69.10 42.90 26.30 24.20 20.50 26.10 

16 99.8 79.7 48.5 26.90 24.10 22.60 24.00 41 98.00 76.00 47.00 27.00 24.00 22.00 29.80 

17 99 81.8 38.7 27.10 25.70 25.30 24.20 42 81.30 53.90 32.10 23.10 21.90 20.80 19.30 

18 - 93.3 74.4 47.50 40.20 37.50 29.10 43 85.00 53.00 32.00 23.00 21.00 20.00 31.90 

19 94.9 839 75.9 70.30 66.40 58.30 19.70 44 100.00 86.00 59.00 37.00 34.00 31.00 26.00 
20 - 84.8 53.1 32.20 29.30 26.40 19.40 45 86.30 50.70 31.40 30.40 29.60 28.80 27.00 
21 - 76.00 47.1 34.20 30.60 27.10 20.10 46 99.00 81.80 38.70 27.10 25.70 25.30 31.50 
22 - 82.3 51.2 29.70 26.00 23.90 20.80 47 100.00 83.30 42.80 25.90 25.00 24.50 30.10 

23 - 84.2 62.1 36.80 31.00 26.90 22.00 48 99.10 83.20 43.20 32.70 31.40 31.00 19.30 

24 98 93 68.0 35.00 30.00 27.00 20.60 49 92.60 69.10 42.90 26.30 24.20 22.60 29.10 

25 99.6 95.00 82.0 75.30 65.90 57.40 25.20 50 98.00 79.000 56.00 35.00 33.00 32.00 25.80 

n: sample’snumber. 

 
that they are well spread and more or less expressed. The main particle sizes put 
into evidence are gravels and sand. These data are similar to those obtained by 
some authors in South Cameroon [6] [9] [10] [23]. The grain sizes of laterites 
are therefore varied but however, it maintains the same behaviour when we leave 
one site to another.  

4.4. Atterberg’s Limits 

The results of Atterberg’s limit were projected in Casagrande’s plasticity limit 
diagram (Figure 5). The graph shows that PI (Plasticity Index) values are gener-
ally lower than 40% meanwhile the liquidity limits range between 40% and 70%. 
The samples from three regions form a cloud of points indicating the same de-
gree of plasticity. Many past works placed the plasticity of lateritic gravels at this 
same level of high plasticity [9] [10]. Concerning the clay fraction, the degree of 
plasticity of the studied materials could be good for ceramics and pottery [24]. 
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Table 4. Grain size analysis (east region). 

Sieve opening 
(mm) 

20 10 5 2 1 0.5 0.08 
Sieve opening 

(mm) 
20 10 5 2 1 0.5 0.08 

n        n        
1 93.40 73.2 49.00 32.00 25.40 23.60 19.60 26 95.50 70.40 48.80 31.40 28.10 27.40 26.40 
2 90.50 68.3 40.80 26.50 22.70 19.80 15.10 27 95.00 79.90 49.90 36.40 39.20 33.80 21.80 
3 96.00 71.50 50 31.00 25.50 24.50 24.50 28 94.60 79.40 40.90 23.00 30.10 28.30 19.00 
4 96.00 79.50 54.5 35.50 30.00 29.00 24.00 29 95.30 85.00 77.50 72.40 68.70 61.20 34.10 
5 82.50 39.50 19.5 12.50 10.00 9.00 7.00 30 93.70 76.00 53.90 42.30 38.20 34.60 28.40 
6 90.00 43.00 31.00 20.00 18.00 17.00 14.00 31 95.20 74.70 46.80 33.70 31.20 27.50 24.30 
7 86.00 52.00 33.00 26.00 23.00 22.00 21.00 32 94.60 83.00 74.40 68.60 64.40 45.50 25.00 
8 92.00 72.00 50.00 29.00 24.00 22.00 21.00 33 95.10 84.40 76.60 71.20 67.40 54.50 27.30 
9 98.00 73.00 50.00 34.00 32.00 28.00 26.00 34 95.00 84.30 76.40 71.00 67.20 59.30 30.30 

10 92.00 80.40 39.80 32.00 29.50 27.20 26.800 35 15.60 95.20 84.70 77.00 71.700 68.00 60.30 
11 82.50 39.50 19.50 12.50 10.00 9.00 7.00 36 11.00 94.90 83.90 75.90 70.30 66.40 58.30 
12 90.00 43.00 31.00 20.00 18.00 17.00 14.00 37 13.50 61.90 32.40 22.60 18.50 17.80 17.40 
13 86.00 52.00 33.00 26.00 23.00 22.00 21.00 38 16.30 85.20 71.80 43.40 20.40 18.80 18.40 
14 92.00 72.00 50.00 29.00 24.00 22.00 21.00 39 16.40 97.20 91.30 86.90 83.90 81.70 77.30 
15 98.00 73.00 50.00 34.00 32.00 28.00 26.00 40 14.70 94.80 83.40 75.10 69.40 65.30 56.90 
16 82.50 39.500 19.50 12.50 10.00 9.00 7.00 41 15.80 94.90 83.90 75.90 70.30 66.40 58.30 
17 90.00 43.00 31.00 20.00 18.00 17.00 14.00 42 15.60 63.60 35.40 26.00 22.10 21.50 21.10 
18 86.00 52.00 33.00 26.00 23.00 22.00 21.00 43 16.30 85.20 71.80 43.40 20.40 18.80 18.40 
19 92.00 72.00 50.00 29.00 24.00 22.00 21.00 44 80.80 64.20 38.30 16.00 14.00 13.40 11.60 
20 98.00 73.00 50.00 34.00 32.00 28.00 26.00 45 60.30 29.50 19.20 15.00 14.30 13.90 13.00 
21 82.50 39.50 19.50 12.50 10.00 9.00 7.00 46 92.00 82.00 54.00 33.00 29.00 26.00 22.00 
22 92.00 80.40 39.80 32.00 29.50 27.20 26.80 47 96.00 91.00 59.00 41.00 38.00 33.00 30.00 
23 93.20 82.60 53.20 34.00 31.90 26.20 15.50 48 93.00 71.50 45.90 55.80 49.20 3800 31.40 
24 94.00 80.90 71.40 64.80 60.10 50.50 16.00 49 89.50 69.25 44.00 34.50 31.20 24.50 20.00 
25 93.80 82.60 51.60 35.50 33.00 30.20 24.10 50 94.80 83.50 75.20 69.60 65.50 57.20 27.30 

n: sample’s number. 

 

 
Figure 3. Binary diagrams. (a) SiO2 vs. Fe2O3; (b) Al2O3 vs. Fe2O3; (c) 
SiO2 vs. Al2O3. 
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Figure 4. Granulometric curves of samples in the South Cameroon roadway: (a) Centre region; (b) East region; (c) 
South region. 

4.5. CBR Test (95% to OPM) 

The CBR test enabled the evaluation of the bearing capacity of the materials. 
Table 5 shows a summary of the obtained results in the present study. The ob-
tained values range between 30 and 90 (Figure 6). These values show that the 
studied lateritic gravels can be used in road structures particularly as a founda-
tion or base layer [6] [9] [10]. 
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Figure 5. Position of samples in diagram of Casagrande. 
 
Table 5. Different CBR values at 95% OPM of studied samples. 

Sample’s 
number 

South Centre East 
Sample’s 
number 

South Centre East 

1 48 47 78.8 26 55 48.1 55 
2 35 56 72.8 27 44 50 51 
3 47 51 35 28 77 36 41 
4 46 29 50 29 75 60.1 43 
5 50 28.5 46.5 30 43 37.9 55 
6 44 58 32 31 86 54 55 
7 69 52 48 32 46 52.5 65 
8 41 53 45 33 50 52.1 62 
9 30 47 33 34 49 69 64 
10 30 35 45 35 53 48 51 
11 60 34 39 36 42 25 49 
12 36 53 57 37 51 87 44 
13 37 47 53 38 45 77 49 

14 36 - 60 39 69 33 51 

15 48 47 39 40 75 48 44 

16 18 45 49 41 70 71 34 

17 23 35 72 42 38 40 49 
18 60 44 57 43 42 50 51 
19 41 53.8 40 44 33 40 40.33 
20 48 35 65 45 - 51 35 

21 37 55.8 58 46 69 66 34 

22 40 54 58 47 - 42  

23 40 50.8 51 48 - 51 55.5 

24 41 50.8 64 49 - 51 44 
25 47 57 62 50 - 56 52 
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Figure 6. Graph showing the evolution of different Values of CBR test of sample. 

4.6. Proctor Modified Test 

The results of the Proctor test are presented in Table 6. Figure 7 shows that the 
maximum water content varies between 8% and 12%. It allows the obtaining of a 
dry density which varies between 18 and 30 KN/m3. The water content increases 
contrary to the dry density (Table 6). 

4.7. Density of Dry Grain and Natural Water Content 

The density of dry grains (γs) as well as the natural water content (W %) of the 
materials were evaluated. These results show that:  
- The density of the grains (Table 7; Figure 8) is comprised between 26 and 29 

KN/m3; 
- The water content varies between 10% and 25% in the South and Centre re-

gions. In the East region, it decreases gradually and range between 10% and 
18% (Table 8). 

4.8. AASHTO Soil Classification 

The results of the HBR geotechnical classification are shown in Table 9. Gener-
ally, the soils of the studied area belong to the A-2-7 class. 

5. Discussion  

The use of gravels in road construction in the intertropical zone dates back to 
the 1960s [23] [25] [26]. These materials were firstly used as substitutes for ce-
ment and aggregates in developing countries [23] [26]. Today, the use of lateritic 
soils is widespread and even recommended in geotechnics [9] [10]. The areas of 
use of lateritic gravels in road construction are quite extensive and their me-  
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Table 6. Corresponding values between dry density (γd) and water Content (WOPM) of samples. 

Sample’s 
number 

South Centre East 
Sample’s 
number 

South Centre East 

γd  
(kN/m3) 

WOPM 

(%) 
γd  

(kN/m3) 
WOPM 

(%) 
γd  

(kN/m3) 
WOPM 

(%) 
γd  

(kN/m3) 
WOPM 

(%) 
γd  

(kN/m3) 
WOPM 

(%) 
γd  

(kN/m3) 
WOPM 

(%) 

1 20.54 14.6 20.60 11.3 21.74 10 26 20.78 11 20.60 12.9 22.12 12.7 

2 22.04 9.9 21.05 10.85 21.4 10.1 27 20.29 10.6 19.80 15.5 20.47 12.3 

3 22.24 11.2 20.83 9.75 21.7 10.4 28 20.57 13.4 20.19 13.1 20.49 13.9 

4 18.15 16.8 19.10 15 21.7 9.2 29 21.02 10 20.60 12.6 21.19 11.6 

5 20.81 13.5 19.00 17.8 20.8 12.5 30 20.67 10.6 21.50 10.5 20.43 12.5 

6 20.63 11.0 20.00 12.8 21.8 11 31 22.37 10.4 20.20 11.7 23.3 9.0 

7 21.24 12.1 20.70 10.1 20.8 11.8 32 18.73 17 20.50 11.6 21.02 9.3 

8 20.47 10.5 21.10 11.8 22 11.2 33 19.11 15.7 21.10 11.8 23.29 9.2 

9 19.65 13.7 21.70 10 20.0 13.5 34 19.16 16.6 21.59 10.9 20.71 13.6 

10 20.54 14.6 20.02 14 21.0 7.9 35 22.07 10.4 21.77 11.9 21.32 11.4 

11 22,04 9.9 21.50 11.3 20.71 11.3 36 20.57 13.4 21.43 12.9 20.82 11.9 

12 22.24 11.2 19.80 15.5 21.4 9.4 37 19.11 15.7 21.32 11.4 20.0 13.0 

13 19.65 13.7 10.40 18.6 20.9 11.5 38 19.16 16.6 22.32 8 21.09 11.36 

14 20.5 12.3 20.23 14 20.9 12.0 39 22.07 10.4 21.47 11.8 21.1 9.18 

15 19.5 14.01 18.70 19 21.7 6.7 40 22.37 10.4 21.00 9 20.17 13.9 

16 19.33 12.2 20.73 11.5 22.83 12.3 41 20.79 11.2 19.80 14 20.74 10.8 

17 20.67 10.6 19.60 11.2 22.0 11.0 42 21.3 12.5 23.40 9 21.4 10.2 

18 18.97 14.9 20.60 12.4 21.0 11.4 43 19.5 11.9 21.44 9.7 19.85 11.4 

19 15.65 25.5 21.30 11.6 22.24 9.2 44 21.1 11.8 18.40 17 19.8 105 

20 19.3 14.1 21.14 11.8 22.28 8.5 45 --- - 21.40 11 21.12 10.1 

21 20.87 13 20.47 12.9 19.88 14.1 46 --- - 21.32 11.4 20.45 12.4 

22 19.6 11.8 21.50 12 21.21 11.3 47 --- - 20.20 13 21.47 11 

23 20.2 12.6 21.15 12.5 23.03 10.3 48 --- - 22.80 10 20.17 13.9 

24 20.42 11.01 21.20 12 21.02 9.3 49 --- - 21.00 9 20.74 10.8 

25 22.31 10.6 20.20 12 20.43 12.5 50  --- 19.80 14 21.4 10.2 

 

 
Figure 7. Relation between dry density and water content in the samples. 
 
chanical behavior can be improved by adding sand [23]. [3] [26] recommend the 
use of lateritic gravels in the manufacture of road pavers because of their porous 
property. Several authors [1] [2] [3] [10] [23] [26] agree on the use of gravels in  
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Table 7. Different values of specific weight (γs in KN/m3) of samples. 

Sample’s number South Centre East Sample’s number South Centre East 
1 28.2 27.9 28.9 26 28.7 28 28.3 
2 28 27.95 28.4 27 28.7 28.3 28.3 
3 27.5 27.4 28.3 28 27.1 28.5 28.1 
4 28.8 27.6 28.2 29 28 27 28.1 
5 26.48 29.2 28.3 30 28.5 27.7 28.2 
6 27.54 27.6 28.2 31 28.4 29.1 28.3 
7 27.54 27 28.4 32 28.4 28.4 28.6 
8 27 28.1 28.5 33 28.3 27.1 28.5 
9 27.2 28.3 28.7 34 27.15 28.8 28.1 
10 26.3 27.1 28 35 27 28.6 28.4 
11 27.4 27.6 28.1 36 28.2 28.7 28.1 
12 26.8 22.2 28 37 28.5 28.5 28.3 
13 27.5 27.3 28.6 38 27.2 28.2 28.1 
14 27.2 27.7 28.3 39 29.2 28.5 28.2 
15 27.5 27.3 28.4 40 27.5 27.9 28.3 
16 28.7 27.5 28 41 22.1 22.50 20.17 
17 27.2 27.6 28.2 42 22.2 23.02 20.74 
18 28.1 27.4 28.2 43 20.54 19.77 21.4 
19 28.5 27.6 28.1 44 22.31 21.34 19.85 
20 27.9 27.5 28.4 45 - 21.10 19.8 
21 28.1 28.3 28.7 46 - 21.59 21.12 
22 28.5 28.1 27.8 47 - 21.77 20.45 
23 28.5 27.5 28.1 48 - 21.43 21.47 
24 27.9 28.2 28.7 49 - 21.32 20.84 
25 28 28.1 28.5 50 - 22.32 20.36 

 

 
Figure 8. Graph showing the evolution of dry grain density of samples. 
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Table 8. Different values of natural water content (W %)of samples. 

Sample’s 
number 

South Centre East 
Sample’s 
number 

South Centre East 

1 17.1 18.13 11.8 26 13.6 11.4 16.3 

2 13.8 20.23 12 .4 27 17.6 12.2 16.4 

3 13.9 15.05 14.5 28 15.3 9 14.7 

4 23.1 15 13.7 29 16.9 9.7 15.8 

5 15.1 20.7 9.5 30 16.9 9.6 15.6 

6 14.2 9 16.2 31 16.9 12 16.3 

7 16.9 9 18 32 17.5 11 13.2 

8 16.1 13.9 12.5 33 16.9 11 13.5 

9 14.7 15.9 13.5 34 17.2 13 14.9 

10 15 16.1 12.4 35 20.4 11.9 15.9 

11 14.1 23.9 10.4 36 19.3 15.8 18.6 

12 20 19.3 13.9 37 14.3 11 17.6 

13 14.9 18.6 10.4 38 17.6 9 14.2 

14 17.2 18.5 14.3 39 14.3 15.9 16 

15 15.7 22.8 13.4 40 17.1 17.1 15.6 

16 14.8 15 7 41 13.8 14.1 14.3 

17 14.2 16.8 14.8 42 16.3 12.5 14.6 

18 17.6 13 12.2 43 15.4 13.8 17.6 

19 15.2 15 12.6 44 14.3 19.1 13.2 

20 17.3 12.6 11.3 45 - 18.9 12 .5 

21 25 13.4 12.8 46 - 18.7 8.16 
22 21.9 9 18.6 47 - 16.4 13.6 
23 15.5 10 15.6 48 - 16.2 13.4 

24 15.7 12.4 11.9 49 - 18.8 12.7 

25 15.3 - 13.5 50 - 14.1 11.9 

 
road construction as the main body of the road. This recommendation is based 
on the results of the CBR and takes traffic into account. Thus, for values of 15 ≤ 
CBR ≤ 30 gravels are advised in layer form, for all classes of traffic. When the 
values of CBR increase (30 ≤ CBR ≤ 70), they are intended for the foundation 
layer, for traffics ranging from T1-T3. For a CBR value between 70 - 80, the ma-
terials are always used in layers of foundation with integration of the class of 
traffic T4. Gravels are exceptionally recommended as a base layer when CBR 
values are greater than 80, for traffics T1-T2 [1]. The results obtained in the 
characterization of lateritic soils of the road network in southern Cameroon are 
in agreement with those obtained [1]. Recent works also supports this approach 
[9] [10]. 

6. Conclusion 

The geotechnical characterization of the laterite materials of the South Came-
roonian road network shows similar results in all the sampling sites. The granu-
lar classes spread from silt to gravel with the same tendency of granulometric  
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Table 9. AASHTO Soil classification of samples. 

Sample’s 
number 

South Centre East 
Sample’s 
number 

South Centre East 

1 A-2-7(3) A-2-7(1) A-2-7(1) 26 A-2-7(2) A-2-7(1) A-7-6(10) 
2 A-2-7(3) A-2-7(0) A-2-7(0) 27 A-2-7(2) A-2-7(0) A-2-7(2) 
3 A-2-7(2) A-2-7(0) A-2-7(2) 28 A-2-7(4) A-2-7(1) A-2-7(2) 
4 A-2-7(2) A-2-7(3) A-2-7(2) 29 A-2-7(0) A-2-7(2) A-2-7(1) 
5 A-2-7(3) A-2-7(3) A-2-7(0) 30 A-2-7(2) A-2-7(1) A-2-7(1) 
6 A-2-7(0) A-2-7(1) A-2-7(0) 31 A-2-7(3) A-2-7(1) A-2-7(1) 
7 A-2-7(2) A-2-7(1) A-2-7(0) 32 A-2-7(3) A-2-7(0) A-2-7(1) 
8 A-2-7(1) A-2-(1) A-2-7(1) 33 A-2-7(4) A-2-7(0) A-2-7(2) 
9 A-2-7(4) A-7-6(17) A-2-7(2) 34 A-2-7(1) A-2-7(1) A-2-7(3) 

10 A-2-7(3) A-2-7(1) A-2-7(2) 35 A-2-7(1) A-2-7(1) A-2-7(1) 
11 A-2-7(4) A-2-7(1) A-2-7(1) 36 A-2-7(2) A-2-7(1) A-2-7(3) 
12 A-2-7(1) A-2-7(1) A-2-7(1) 37 A-2-7(3) A-2-7(1) A-7-6(10) 
13 A-2-7(2) A-2-7(2) A-2-7(1) 38 A-2-7(2) A-2-7(1) A-2-7(1) 
14 A-2-7(3) A-2-7(3) A-2-7(1) 39 A-2-7(2) A-2-7(1) A-2-7(0) 
15 A-2-7(1) A-2-7(1) A-2-7(1) 40 A-2-7(2) A-2-7(1) A-2-7(3) 
16 A-7-5(5) A-2-7(0) A-2-7(0) 41 A-2-7(4) A-2-7(0) A-2-7(1) 
17 A-7-5(8) A-2-7(2) A-2-7(3) 42 A-2-7(2) A-2-7(1) A-2-7(1) 
18 A-7-5(5) A-2-7(2) A-2-7(2) 43 A-2-7(0) A-2-7(1) A-2-7(0) 
19 A-2-7(2) A-2-7(2) A-2-7(1) 44 A-2-7(3) A-2-7(0) A-2-7(3) 
20 A-2-7(3) A-2-7(0) A-2-7(1) 45 - A-2-7(2) A-2-7(0) 
21 A-2-7(2) A-2-7(3) A-2-7(2) 46 - A-2-7(1) A-2-7(3) 
22 A-2-7(2) A-2-7(1) A-2-7(2) 47 - A-2-7(2) A-2-7(1) 
23 A-2-7(2) A-2-7(1) A-2-7(3) 48 - A-2-7(3) A-2-7(1) 
24 A-2-7(2) A-2-7(0) A-2-7(1) 49 - A-2-7(1) A-2-7(0) 
25 A-2-7(0) A-2-7(0) A-2-7(3) 50 - A-2-7(1) A-2-7(3) 

 
curves; the value of the 95% CBR is between 30 and 90; the water content at the 
optimum Proctor is less than 20%. Atterberg limits indicate that the Plasticity 
Index is low (<40%). The HRB classification shows that the soils at the origin of 
the materials are generally of the type A-2-7. These results are quite interesting 
in road construction and make it possible to advise the materials studied in the 
pavement body in particular in foundation layers for traffic classes ranging from 
T1 to T3. The present work also revealed the very limited influence of the nature 
of the parent rock on the mechanical properties of the gravels since the materials 
studied are derived possibly from very varied parent rocks. However, it is the 
process of the formation of lateritic materials by intense weathering under pre-
cise climatic conditions which can explain the great similarity of the mechanical 
behavior of the materials and consequently the results obtained. Furthermore, 
the results reveal that the south Cameroon road network is composed only by 
gravel soils in accordance with the different works conducted in the region. 
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