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Abstract 

The present study is inscribed within the framework of the geotechnical cha-
racterization of the soils of the Santchou plain, their classification for em-
ployment as pavement subgrade, various identification tests were carried out 
on the samples. The results obtained showed that with a wide range of differ-
ent grain sizes, the studied soils showed low content in clay grains and do-
minance of either sand grains or silt grains, this can be explaining how most 
of these soil are poorly graded. According to the USDA textural classification, 
the grain size distribution of these soils makes them to be classified as Silty 
Loam types to Sandy Loam types. Despite of their organic matter content 
which is less than 10%, according to their respective methylene blue values, 
the soils studied along the section should be mainly loamy soil of medium 
plasticity to clayed soil, therefore showing a sensibility of its behavior to vari-
ation of water content. That last one is confirmed by the consistency parame-
ters of these soils which show intermediate plasticity to highly plastic. Also, 
the bearing capacity proposed by these soils at their respective optimum dry 
densities is relatively small, although most of these experimental CBR values 
of the studied soils are more important than the ones prescribed by the 
AASHTO Classification system for A5, A6, and A7 types, and the French 
Highway Earthworks Manual Classifications system (GTR) for the corres-
ponding A2 and A3 types. 
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1. Introduction 

The Melong-Fongo Tongo Roadway pavement failure is a very serious problem 
that causes unnecessary delay in traffic flow, distorts pavement aesthetics, 
breakdown of vehicle. These failures can be due to factors, such as properties of 
construction materials, subgrade conditions, environmental conditions, and 
traffic loading (Osuolale et al., 2012). The types of distresses observed, associated 
with the relief of the region indicate clearly that the origin of the majority of 
road pathologies in the studied axle is associated with subgrade ground defects 
(Magdi, 2014). In this work, some soils along the axle Melong-Fongo Tongo 
were studied in order to know their expected performance as pavement sub-
grade, which is an essential aspect in the design process of a flexible pavement. 
The natural soil, as pavement subgrade, must provide sufficient lift over the en-
tire carriageway, and maintain this lift during the life (Mahmoud et al., 2012).  

Although, the pavement subgrade can be made up of a wide variety of soil 
types, depending on the geographic location, geology; relief and availability of 
borrow material collection sites. Construction personnel must be able to identify 
and classify them with a reasonable degree of accuracy, according to the classifi-
cation systems or guide of standards, in order to schedule earthworks and ade-
quate earth amelioration processes if required (Surendra & Sanjeev, 2017). Im-
plicit in the concept that soils with similar properties can be grouped together is 
the assumption that correlations exist between the various soil properties. In fact, 
Soil classification systems are established to predict soil behavior, then expected 
performances, and to provide a common language for soil scientists. Properties 
such as grain size, mineral composition, organic matter content and soil plasticity 
are mainly preferred as main criteria of classification systems (Alade, 2018).  

This study focused on the geotechnical identification of the soils along the 
Melong-Fongo-Tongo road section, their classification for use as subgrade of 
pavement. For this, we relied on 4 classification systems selected for their com-
plementarity with each other. 

The first two, the triangular textural USDA classification system and the uni-
fied classification system, are among the most commonly used classification sys-
tems to describe the physical and condition characteristics of the soils studied. 
The determination of these parameters is unavoidable, since it is according to 
these criteria that classification systems group soil classes, according to their beha-
viour or state under the effect of variations in water conditions or mechanical stress. 
Thus, knowing the groups or classes to which soils belong in these classification 
systems, it is easy to find in the literature the expected values of the index and engi-
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neering properties (Utkarsh et al., 2017). In the study of soil behavior and for the es-
timation of its expected performance in various fields of use, USDA and USCS clas-
sifications are generally chosen by engineers because they allow them to quickly rec-
ognize and classify soils on site using in-situ techniques (Amster, 1988).  

The other two classification systems were selected because although they are 
commonly used in highway design and construction, they have different orien-
tations. Thus, the AASHTO classification makes it possible to estimate the suita-
bility of a soil as a roadbed based on physical and condition parameters 
(AASHTO M145-91, 2012). However, the GTR classification gives additional 
information giving the in-situ soil water status and subsequently prescribing the 
constructive solutions to be adopted according to the said in-situ status, in the 
roadbed development process (SETRA-LCPC, 1992). So while the AASHTO 
classification characterizes the performance of a soil in its optimal configuration, 
the GTR guide takes into account the soil condition on site and consequently the 
measures to be taken by professionals to work it. 

2. Investigation and Methods 
2.1. Location of Sites and Sampling 

The road section between Melong and Fongo-Tongo, being 29 kilometers, in order 
to have representative samples of the area crossing by the road section, 16 sites were 
chosen in different parts of the road section. However; points 1 to 8 allow us, with a 
spacing varying between 2.5 and 5 kilometers, to cover the entire section as control 
samples, an in-depth study was carried out in the Locality of Fombap where 8 sites 
were selected between the sites 1 and 2. In the same way, the 8 sites covering the 
Locality of Fombap are the sites 9 to 16, with an average distance of 500 meters 
between the different samples along the provincial road in the said locality. 

Figure 1 and Table 1 show respectively the samples distribution along road 
section and the GPS coordinates of the chosen sites. These sites are far apart 
from 15 meters to 200 meters from the road section to avoid the embankments 
associated with the road section pavement. In each site, the sampling was carried 
out in wells deeper than 100 cm in order to avoid the first layer of organic soil. 

2.2. Soil Sampling 

Sampling has been performed with a shovel from the soil at a 100 to 150 cm 
depth. 14 bags of 40 Kg each have been extracted per site selected, and mixed 
together to form a mixed sample on which the analysis will be performed. In ad-
dition, for the determination of the natural moisture content, samples were col-
lected in plastic bags on the different sites. Also, in the laboratory, this mixed 
sample was divided into sub-sample by means of coning and quartering method 
(ASTM C702/C702M-18, 2018). Handling of the sample can vary, depending on 
the analysis and it is thus specified under the relevant headings. 

Moreover; once the study sites had been selected, and the soils to be studied 
had been sampled, they were taken to the laboratory for a study on the physical 
parameters. 
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Figure 1. Sample collection points on administrative map of the Fombap District. 
(Sources: Data: Data collected in the field on the 27/03/2020; Basemap: Adapted from the 
administrative map of Cameroon, INC, 2016). 
 
Table 1. GPS coordinates of the sampling points. 

Sampling point Latitude Longitude Altitude 

1 5˚21'56.53789''N 10˚00'31.31348''E 720.0000 

2 5˚19'06.02969''N 10˚00'18.07261''E 721.0000 

3 5˚15'22.50957''N 9˚58'42.24409''E 712.0000 

4 5˚18'20.37153''N 9˚58'39.95662''E 733.0000 

5 5˚12'43.98695''N 9˚59'27.92584''E 708.0000 

6 5˚11'36.32356''N 9˚58'44.81643''E 717.0000 

7 5˚09'55.10678''N 9˚58'30.88973''E 736.0000 

8 5˚08'36.25339''N 9˚59'03.99394''E 726.0000 

9 5˚19'17.80431''N 10˚00'26.05090''E 730.0000 

10 5˚19'32.31285''N 10˚00'34.81341''E 730.0000 

11 5˚19'44.31264''N 10˚00'44.41660''E 734.0000 

12 5˚20'04.65546''N 10˚00'49.71283''E 736.0000 

13 5˚20'20.94591''N 10˚00'44.11928''E 733.0000 

14 5˚20'42.04430''N 10˚00'45.38844''E 736.0000 

15 5˚20'58.34584''N 10˚00'33.06984''E 722.0000 

16 5˚21'18.99821''N 10˚00'28.36042''E 729.0000 
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3. Laboratory Testing 

The objectives of these tests will be to characterize the soil for use in road con-
struction as pavement subgrade. For that, few soil classification systems have 
been used, these systems can be regrouped in two kinds, and the multipurpose 
systems represented by the triangular textural soil classification system by the 
United States department of agriculture (USDA Soil Textural Classification Sys-
tem) and the united soil classification system (USCS). Then the second kind 
which is oriented by the prescription in use as road subgrade, is represented re-
spectively by the American Association of State Highway and Transportation 
Officials (AASHTO) and the French Road Earthworks Manual Classification 
(GTR, guide des terrassements routiers).  
 Grain size distribution: The particles size distribution has been done with 

the Sieve Analysis Method and the Hydrometer Method. The Sieve analysis 
was used on aggregates which diameter is bigger than 80-µm sieve (ASTM 
C136/C136M-19, 2019), while the Hydrometer Analysis method was used for 
fine-grained soils passing 75-µm sieve (ASTM D7928-16e1, 2016).  

 Consistency Parameters: In the present work, the liquidity limits were de-
termined by the penetration cone method, while the plasticity limit was de-
termined by the roll method (ASTM D4318-17e1, 2017).  

 Natural water content: The test procedure of the “Oven dry method” was 
used to find the water content of soils. It consists to dry specimens in the 
oven at a temperature of 105˚C for 24 hours, then we can compare the weight 
before and after the drying session (ASTM D2216-19, 2019).  

 Organic Matter Content: The organic content of materials studied was de-
termined by the use of sulfochromic dosage method (NF ISO 14235, 1998).  

 Methylene blue test: This test is based on the phenomenon of adsorption 
peculiar to clays. It consists of measuring, per 100 g of material, the quantity 
of methylene blue necessary to cover the outer and inner surface of the par-
ticles. The methylene blue adsorption method tests were carried out (ASTM 
C837-09, 2019). 

 Proctor Test: To determine the amount of compaction required by the soil 
and above all the associated optimum water content, the compaction tests 
were conducted in the laboratory via the modified Proctor test (ASTM 
D1557-12e1, 2012). Through these tests, the water content—dry density 
curves were plotted. These curves, which are specific to each material, give at 
their peaks respectively the maximum dry densities and the optimum Mois-
ture content as easting and northing values. 

 California Bearing Ratio test: The California bearing ratio is the ratio of 
force per unit area required by a circular plunger of 50 mm diameter at the 
rate of 1.25 mm per minute, to penetrate into a soil mass conditioned ac-
cording to his optimum moisture content (ASTM D1883-16, 2016). In this 
study, the compacted specimens were soaked in water for 96 hours before 
subjected to the punching in the CBR testing machine. 
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 Analysis of Results: The main statistical tools, mean and standard deviation, 
will be used on the results of the tests to which the 16 samples were subjected 
in order to estimate the probable characteristics and performance of the soils 
in the study area. Then, variation ratio, or coefficient of variation, which is a 
relative measure of the dispersion of the data around the mean, is used to 
compare the degree of variation from one sample to another, even if the 
means are different. The coefficient of variation is calculated as the ratio of 
the standard deviation to the mean and is expressed as a percentage.  

 Soil Classification: Mainly based on the grain size analysis and the Atterberg 
limits, the multipurpose soils classifications systems help engineers to de-
scribe their texture (USDA), and their consistency (USCS). In fact, the USDA 
textural classification System is based on the grain size distribution (USDA, 
2012), when the USCS refers simultaneously to the grain size distribution, the 
organic matter content and the consistency parameters represented by the 
Atterberg limits (ASTM D2487, 2006). The AASHTO and the French Road 
Earthworks Manual Classification systems propose prescriptions and condi-
tions to use the studied soils as highway materials based in addition to the 
grain size analysis and the Atterberg limits, the California bearing ratio, and 
the methylene blue value specially for the French Road Earthworks Manual 
Classification system (SETRA-LCPC, 1992). 

4. Results and Discussions 
4.1. Gradation Curves 

The gradations curves of the studied soil have been plotted by means of the grain 
size analysis and the hydrometer analysis. Different types of shape of curves were 
obtained, describing the corresponding grain size distribution of the relevant 
soils. In this study, the gradation curves obtained have been classified into 4 
groups based on their shapes, Figures 2-4 show the gradation curves of the 16 
sites studied. Figure 2 shows the gradation curves of the sites 1, 3, 7 and 12. 
 

 

Figure 2. Grain size distribution curves of the Sites 1, 3, 7 and 12. 
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Figure 3. Grain size distribution curves of the Sites 8, 11 and 14. 
 

 

Figure 4. Grain size distribution curves for the Sites 2, 9, 10 and 16. 
 

The curves show that, for site 1 and 7, 95% of particles are passing the sieve 
0.8mm corresponding to the lower limit of sandy particles. At the same time, the 
upper limit of silty particles and more than 80% are passing the sieve 0.080 mm, 
the sieve besides the lower limit of silty particles. Then, although the samples 3 
and 12 show curves of a similar shape, particles passing the sieve 0.8mm are near 
76% and those passing the sieve 0.080 mm are near 60%. The shape of the curves 
in Figure 2 shows a very poor gradation characteristic of materials, in fact, the 
variations of the slope of the curves are relevant depending on the grain size 
range. The slopes of the 4 curves increase significantly when the size of particles 
are between 0.02 to 0.06 mm, an interval remaining to the range of silty particles. 
In conclusion, although the samples 3 and 12 show bigger proportions of sand 
and gravel than the samples 1 and 7, all the curves show a predominance of silty 
particles for an approximated percentage of 50%, then comes the sandy particles 
for a percentage around 45%. These soils are classified as fine-grained soils in 
the USCS classification, with their respective sand content far more superior 
than their gravel content, except in the soil 3 where the gravel content reaches 
23%. Figure 3 shows the gradation curves of the sites 8, 11 and 14.  
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The curves shown in Figure 3 are more distributed than the ones shown in 
Figure 2, similar behaviors of their slopes between 0.02 to 0.06 mm grain size 
are observed. These samples still show a relevant content of silty particles with a 
percentage near 40% for the soils 11 and 14. But, according to USCS, the soil 8 
shows a percentage of 44% passing the sieve 200, classify it as a coarse-grained 
soil. While the soils 11 and 14, with more of 52% of particles passing the sieve 
200, are classified around the fine-grained soils. The samples 11 and 14 have a 
minor content of gravel with a maximum of 3%, but the sample 8 shows sizable 
proportions of gravel reaching 38%. Figure 4 shows the gradation curves of the 
samples 2, 9, 10 and 16. The grain size distribution curves of sites 4, 5, 6, 13 and 
15 are presented on Figure 5.  

According to these figures, with less than 48% of particles passing the sieve 
200, these soils are classified as coarse-grained soils, regarding the USCS chart. 
For all these samples, the clayed particles corresponding to the fraction smaller 
than 0.002 mm, represent less than 10% by weight, while the following content 
of silty particles is from 37% to 65%, the sandy particles are from 40% to 55%. 
But the gravel aggregate which represents 10% for sample 10, reaches the rele-
vant proportion of 25% for the samples 2, 9 and 16. 

As the precedent one, these soils are in conclusion mainly composed of sand 
and silt. The gradation curves were more distributed for the samples 4, 5, 6, 13 
(Figure 5) than for the samples 2, 9, and 16 (Figure 4). While samples 4, 6 and 
13 and 15 are coarse-grained soils, the soil 15 offer less than 12% of gravel when 
the others show a relevant gravel content with more than 20%, also with the 
sample 5 although it is the only fine-grained soil in the group according to the 
USCS. 

The general observation of the 16 soil’s gradation curves shows that all these 
soils have low clay content, globally under 10%. Their respective sand and silt 
content are relevant, mainly between 30 to 50 percent each. Then, some soil can 
show non-negligible gravel content specially the soil 8 with 38% of gravel, and  
 

 

Figure 5. Grain size distribution curves for the Sites 4, 5, 6, 13 and 15. 
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the soil 2, 9 and 16 with a gravel content which reaches 20% each. According to 
the USCS Chart, the soils 5, 11, 1, 3, 7, 12, and 13 are fine-grained soils, while the 
others were classified as coarse-grained soils with one gravel represented by the 
sample 8, and eight sands represented by the soils 10, 2, 9, 10, 4, 6 and 15. But 
according to the AASTHO chart, all the studied soils remain to the Silt-Clays 
materials group, with more than 35% of their particles passing the sieve 200. The 
detailed results of the grain size analysis such as the gradation coefficients, and 
the particle size distribution according to the USDA classification system are 
presented in the next paragraph. 

4.2. Grain Size Analysis 

As a confirmation of the shape of the gradation curves, the results in Table 2 
show that the sixteen soils samples have small clay content which reaches 8% for 
the sample 5, while their corresponding sand and silt content are between 22% 
to 58% for sand and 37% to 72% for silt. According to the results, the average 
content of the soil across the axle Melong-Dschang are 44.5% of sand, 50.6% of 
silt and 4.8% of sand; with relative variation ratio of 18%, 15% and  
 
Table 2. Grain size distribution. 

Soil Sample 
Particle Size Distribution according to USDA Soil Gradation 

Sand Silt Clay Cu Cc 

P1 22.22 72.73 5.05 16 0.76 

P2 43.66 52.77 3.56 413 3.71 

P3 31.40 63.98 4.62 8 2.03 

P4 41.26 57.38 1.37 87 0.38 

P5 37.66 54.68 7.66 43 1.1 

P6 58.11 37.84 4.05 99 0.63 

P7 29.17 66.23 4.60 13 0.89 

P8 26.79 65.71 7.50 833 0.07 

P9 41.43 54.29 4.29 83 0.68 

P10 54.02 41.38 4.60 40 1.07 

P11 50.52 45.77 3.71 21 1.48 

P12 41.24 53.79 4.97 9 2.54 

P13 46.67 48.67 4.67 133 0.39 

P14 54.64 39.48 5.88 191 0.08 

P15 55.17 41.38 3.45 58 0.84 

P16 45.71 50.00 4.29 79 0.54 

Average 44.54 50.67 4.80 146.00 0.86 

Ecart-Type 7.90 7.47 0.79 146.40 0.51 

Variation Ratio 18% 15% 17% 100% 59% 

Where Cu and Cc are respectively uniformity and the gradation coefficients. 
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17%. According to the USDA soil textural classification, the soil studied are 
loamy, following their respective sand and silt content, they can be silty loam as 
P1 to P5, P7 to P9, P12 and P16; or sandy loam as P6, P10, P11 and P13 to P15. 
Regarding the related grain size distribution showed by the studied soils, the 
soils across this road section can be characterized as silt loam, or sandy loam for 
the samples when the sand content increase across 45%. The French road 
earthwork manual classified the studied soils as fine grained soil of the group A. 
The subcategories can be determined with the analysis of the consistency para-
meters.  

Regarding the uniformity and gradation coefficients in Table 2, we notice that 
although most of the corresponding Coefficients of Uniformity (Cu) are far 
above six, meaning that the soils of this area offer a wide range of different sizes, 
the following Coefficient of Curvature (Cc) observes are from 0.4 to 3.71. Re-
garding that, we observe only six soils on sixteen, the samples 2, 3, 5, 10, 11 and 
12 are well graded when the other are poorly graded, despite of their respective 
Coefficients of Uniformity (Cu).  

4.3. Organic Matter Content 

Through the results of Table 4, the Organic Matter contents are quite low and 
vary between 0.58% for P6, and 9.69% for P4. All samples have content less than 
10%. Hence, average organic matter content is 7% with a variation ratio of 13%. 
Regarding the grain size analysis associated with the corresponding organic 
matter content, the studied soil can be considered in the USCS chart, as inor-
ganic fine-grained soils. 

4.4. Atterberg Limits 

Table 3 shows that the samples plasticity limits are from 36% to 72%, the aver-
age plasticity limit is 51.8% with a variation ratio of 15%. Whereas the liquid 
limits are from 51% to 81%, the average of 67.8% with a variation ratio of 12%. 
The different consistency index is above 1, respectively from 1.93 to 7.69, repre-
sentative of soils in the solid state when they are at their natural water content. 
Also, the corresponding plasticity index of these soils is in the range 6.15 to 
26.85, with an average value of 16.1. The soil 14 have a plastic index lower than 
7, it is the only slightly plastic soil above the sixteen. While, with a plasticity in-
dex between 7 and 17, the soils 1, 5, 8, 12, and 15 show intermediate plasticity, 
and the 10 other remaining soils are highly plastic, their corresponding plastic 
index is above 17. Regarding their respective liquid limits superior to 50%, and 
their plasticity index 27, the fine particles of the different studied soils are, ac-
cording to the USCS chart, classified as silty soils of high plasticity (MH). Ac-
cording to the AASHTO chart, our studied silt-clay materials, which show liquid 
limits above 40%, are classified in the A-5 group for samples 1, 15, 14 and 12 
with respective plasticity index below 10, and the A-7 group for the rest of stu-
died samples with the subgroup A7-5 and A7-6 depending on the difference be-
tween the plasticity index and the liquid limit. The studied samples,  
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Table 3. Consistency parameters. 

Soil Sample 
Atterberg Limits Consistency Parameters 

Wp % WL % Ip Ic 

P1 63.69 70.90 7.21 5.50 

P2 51.66 72.30 20.64 2.65 

P3 40.74 57.90 17.16 2.44 

P4 54.57 73.20 18.63 2.92 

P5 47.72 58.10 10.38 3.54 

P6 53.94 77.90 23.96 2.65 

P7 60.86 81.70 20.84 2.18 

P8 48.72 61.80 13.08 2.95 

P9 36.43 53.40 16.97 1.93 

P10 53.97 71.42 17.45 2.68 

P11 47.32 63.40 16.08 2.60 

P12 71.56 79.20 7.64 7.94 

P13 44.15 71.00 26.85 1.86 

P14 60.25 66.40 6.15 7.69 

P15 43.12 51.50 8.38 4.11 

P16 51.18 77.80 26.62 2.18 

Average 51.76 67.76 16.01 3.61 

Ecart-Type 7.92 8.46 5.75 1.78 

Variation Ratio 15% 12% 36% 49% 

Where Wp is the plasticity limit; Ip is plasticity index; Ip is the plasticity index; Ip is the plasticity index. 

 
which are classified by the USDA triangular textural classification as silty loamy 
and sandy loamy soils are supposed to be slightly plastic, to plastic. Regarding 
their respective plasticity index, these soils are recognized by the French road 
earthworks manual as silts with high plasticity for samples 13 and 16, soils re-
maining in the subgroup A-3 which correspond to clayed soil with high plastici-
ty, while most of the other remaining in the subgroups A-2 and A-1 corres-
ponding plasticity index values between 12 to 25 and 0 to 12 for samples 1, 5, 12, 
14 and 15. Although in this last range of index plasticity values, that is from 0 to 
12, the methylene blue value is more adapted as identification criteria. Table 4 
shows composition of the studied soil through the content in water, represented 
by the natural water content, then the content in clay minerals, represented by 
the methylene blue values, and finally the organic matter content.  

4.5. Methylene Blue Value 

It emerges from Table 4 that the VBS values are greater than 2.5, which indi-
cates that all the sediments are sensitive to water. Among the samples studied, 
the highest values are those of points P4, and P14 which are very clayey soils  
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Table 4. Soil components. 

Soil Sample 
Water Content Clay Minerals Content Organic Matter Content 

Wnat % VBS OM% 

P1 31.25 4 7.86 

P2 17.67 7 7.88 

P3 16.04 6 3.10 

P4 18.79 9 9.69 

P5 21.36 6 0.91 

P6 14.30 5 0.58 

P7 36.20 7 1.00 

P8 23.20 3 7.28 

P9 20.58 6 7.33 

P10 24.65 8 7.55 

P11 21.65 6 2.94 

P12 18.56 3 7.00 

P13 20.95 6 7.21 

P14 19.09 9 7.42 

P15 17.09 7 7.86 

P16 19.68 5 8.42 

Average 22.17 6.05 5.88 

Ecart-Type 3.51 1.40 1.77 

Variation Ratio 16% 23% 30% 

In this table, Wnat is the natural water content; VBS is the methylene blue value; OM is the organic matter 
content. 

 
with blue values greater than 8; then 6 soils are recognized as silty soil of average 
plasticity with blue values between 2.5 and 6; while the remaining 8 soils are 
classified as clayey with blue values between 6 and 8. The average methylene blue 
value over the 16 soils is 6.1 with a coefficient of variation of 21% stipulating that 
the soils studied along the section will be mainly loamy of medium plasticity or 
clayed soil. According to the French road earthworks manual, all the studied 
samples have their methylene blue value superior to 2.5, values excluding their 
appartenance to the A1 subgroup, the only subgroup of fine-grained soils where 
the methylene blue value is the most adequate criteria of classification. Regard-
ing the different values, the samples remain to the subgroup A-2, and the sub-
groups A-3 to A-4 corresponding to clayed soils of high plasticity for site 4 and 
14. The soil component is shown in Table 4. 

4.6. Compaction Parameters 

The optimum water content of the different studied soils is from 16% to 32%, 
when 10 soils under 16 have their optimum water content in the range 18% - 
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22%. The average of optimum moisture of the 16 soils is 20.87% with a variation 
ratio of 16%. As well as, the USCS prescribed range value for the optimum bulk 
density according to the groups in which the soils remain to. To add, the still 
prescribed values for the Silty Sand soils (SM) are 1.77 to 2.01 (Surendra and 
Sanjeev, 2017), the Maximum Dry Densities of the soil concerned (P6, P10, P11, 
P14, P15) are for some (P6, P10, P14) in the range while the others (P11 and 
P15) are below. The prescribed values for the Sandy Elastic Silt soils (MH) are 
1.12 to 1.52 (Thomas, 2012), except the soil P7 which is in this range, all the re-
maining soils are above the upper limit. Therefore, the corresponding dry densi-
ties show more uniforms values with an average of 1.7 associated with a varia-
tion ratio of 4%. Hence, this uniformity can be explained by the one showed by 
the specific density values and similar type of grain size distribution. The opti-
mum moisture can also be affected by the organic matter content (Masi et al., 
2020), the methylene blue value, and the clay proportion in grain size distribu-
tion, in fact, these parameters influence the water retention when their values 
increase. In the French Road Earthworks Manual, the optimum water content is 
compared with the natural water content to describe the hydric state of the cor-
responding soils, the determination on the natural water content guides the en-
gineers to select the process of preparation of soil before earthmoving activities.  

4.7. Natural Water Content 

The natural water content obtained has been reported in Table 4. These results 
are between 14.30% and 36.20%, with an average of 22.2% and a standard devia-
tion of 3.5%. Samples were taken from the different sites in May, at the start of 
the rainy season, and during a two-week campaign, so it is inefficient to analyze 
the differences between the natural water contents obtained. In fact, these values 
can also be influenced by various factors such as the depth of the well, the posi-
tion of the sites vis-à-vis the watersheds, and the nature of the soils which have a 
water retention capacity depending on the content in fine elements and in Or-
ganic Matter (Ben Abdelghani et al., 2014). The relative natural water content 
values of the studied soil have been compared to their optimum moisture con-
tent, for the determination of the hydric state according to the French Road 
Earthworks Manual. After comparison, we notice that if most of these soils have 
average water content, it means that the natural water content of the corres-
ponding soils in situ is near their corresponding optimum water content. But 
some samples show, natural water content above more than 20% (site 1, 9 and 
11) or 40% (site 10) of their relative values of the optimum moisture content, these 
soils are considered to be respectively wet or muddy. Then four other studied soils, 
shows natural water content respectively below 90% (sites 6, 15 and 16) to 70% (site 
7) of their respective optimum moisture, corresponding to dry to very dry soils. 

4.8. California Bearing Ratio 

The subgrade must be able to support loads transmitted from the pavement 
structure. This load-bearing capacity is often affected by degree of compaction,  
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Table 5. Compaction parameters and bearing capacity. 

Soil Sample 
Compaction Parameters Bearing Capacity 

Wopm% ɣdMax Soaked CBR 

P1 19.50 1.58 3 

P2 19.50 1.59 24 

P3 17.90 1.75 22 

P4 17.80 1.72 7 

P5 19.50 1.60 35 

P6 18.20 1.81 16 

P7 31.90 1.43 6 

P8 25.70 1.61 16 

P9 18.40 1.76 12 

P10 16.00 1.77 11 

P11 19.10 1.70 8 

P12 17.40 1.74 9 

P13 20.40 1.74 14 

P14 17.70 1.79 13 

P15 20.50 1.72 18 

P16 21.60 1.72 16 

Average 20.87 1.70 12 

Ecart-Type 3.32 0.07 3 

Variation Ratio 16% 4% 25% 

With Wopm%: Optimum Moisture Content, ɣdMax: Maximun Dry Density. 

 
moisture content, and soil type (Schaefer et al., 2008). If the soaked CBR value of 
the studied soil (Table 5) are between 3% for P1 and 35% for P5, most of the 
value recorded after the tests are from 8% to 16%. The average of CBR value ob-
tained is 12% with a standard deviation of 3%. If we try to compare the experi-
mental data with the value preconized by the French Road Earthworks Manual, 
we are going to see that, for the soils P2, P3, P5, P8, experimental values are 
more important than the one preconized by the subgroups A2m when P4 and 
P14 are in the preconize range, which is 5% to 15%. Moreover, If the experi-
mental value of the CBR for the point P1 (3%) is in the preconized range of the 
A2h subgroup which is 2% to 5%, the CBR value of the 2 other soils P9 and P11 
are more important than the upper limit. The point P12 and P13 respectively 
classified in the subgroup A1m and A3m have experimental values more than 
convenient when we compare it to the prescribed ones. In fact, the P12 soil CBR 
value is in the range of the A1m, which is 8% to 25%, and the P13 soil CBR value 
is far more important than the upper limit of the range prescribed. Regarding 
the USDA triangular textural chart, the expected value of CBR for sandy loam 
and silt loam soils, should be from 5 to 40, range where all the samples CBR val-
ues remain to, except the sample 1 with a poor CBR of 3. 
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4.9. Soil Classification 

The different classifications of the soils studies are presented on Table 6. Ac-
cording the AASHTO, the soils studied are classified, as Silty to Clayed mate-
rials, the different groups in which they belong are the groups A-5 for P1, P14, 
P15 and the group A-7 for the remaining soils. ASTM D3282-09 Standard Prac-
tice rates these different groups to be fair to poor for a use as road subgrade for 
Classification of Soils and Soil-Aggregate Mixtures for Highway Construction 
Purposes. In spite of, the subgroups of the soils belonging to the group A7 are 
A7-6 for sites 3, 6, 9, and 13 when the others are A7-5, these shows the plasticity  

 
Table 6. Soil Classification of samples studied. 

Soil 
Sample 

Multipurpose Classification Systems 
Earthworks and Pavement 

Design oriented 
Classification Systems 

USDA Soil 
Textural 

Classification 
USCS AASHTO 

French Road 
Earthworks 

Manual (GTR) 

P1 Silty Loam Sandy Elastic Silt (MH) A-5 A2 h 

P2 Silty Loam Silty Sand With Gravel (SM) A-7-5 A2 m 

P3 Silty Loam Sandy Elastic Silt (MH) A-7-6 A2 m 

P4 Silty Loam Silty Sand (SM) A-7-5 A2 m 

P5 Silty Loam Sandy Elastic Silt (MH) A-7-5 A2 m 

P6 Sandy Loam Silty Sand (SM) A-7-6 A2 s 

P7 Silty Loam Sandy Elastic Silt (MH) A-7-5 A2 ts 

P8 Silty Loam Silty Gravel with Sand (GM) A-7-5 A2 m 

P9 Silty Loam Silty Sand (SM) A-7-6 A2 h 

P10 Sandy Loam Silty Sand (SM) A-7-5 A2 th 

P11 Sandy Loam Sandy Elastic Silt (MH) A-7-5 A2 h 

P12 Silty Loam Sandy Elastic Silt (MH) A-5 A1 m 

P13 Sandy Loam Sandy Elastic Silt (MH) A-7-6 A3 m 

P14 Sandy Loam Silty Sand (SM) A-5 A2 m 

P15 Sandy Loam Silty Sand (SM) A-5 A2 s 

P16 Silty Loam Silty Sand With Gravel (SM) A-7-6 A3 s 

Parameter of 
Selection Criteria 1 

Grain Size 
Analysis 

Grain Size Analysis 
Grain Size 
Analysis 

Grain Size 
Analysis 

Parameter of 
Selection Criteria 2 

- Consistency Parameters 
Consistency 
Parameters 

Consistency 
Parameters 

Parameter of 
Selection Criteria 3 

- - - 
Mechanical 
parameters 

Parameter of 
Selection Criteria 4 

- - - 
Soil 

composition 
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of the different soils through a relation between its relative liquid limits and 
plasticity index. The French Road Earthworks Manual (GTR) classified the stu-
died soil in the category of fine-grained soil. In this classification system, the 
subgroups describe the consistency parameter or the water sensibility of the soils 
through their respective plasticity index and methylene blue value. According to 
their respective methylene blue values, 14 soils on 16 are belonging to the A2 
group, the remaining soils P12 and P16 are classified respectively in the A1 and 
A3 groups. The last parameters of the French Road Earthworks Manual Classifi-
cation (GTR) are the moisture state, the soil for compaction, which is expressed 
by the comparison between respective natural water content to optimum mois-
ture content. This comparison shows that four soils on 16 are wet to very wet 
(P1, P9, P10, P11), four are dry to very dry (P6, P7, P15, P16) and the remaining 
eight have intermediate moisture content.  

5. Conclusion 

The objectives of the geotechnical studies will be to characterize the soils across 
the axe Melong-Fongo Tongo for use in road construction as pavement sub-
grade. The organic matter contents show that these soils are inorganic. The silt 
and the sand fraction are the mainly represented after the grain size analysis, and 
the corresponding consistency parameters describe soil with high liquid limit 
but low to average plasticity index, properties of silty or sandy loamy soil ac-
cording to the triangular textural USDA classification and silty sand or sandy silt 
according to USCS classification system. These soils are sticky and show average 
to high plasticity. Referring to the earthworks purpose classification systems, the 
results show us that these soils remain to the group A-5 and A-7 according to 
AASHTO and the group A2 and A3 according to the French Road Earthworks 
Manual. The California Bearing Ratio values of these soils foresee fair to poor 
expected performance as pavement subgrade, even at their optimum compac-
tion. According to the soil classes or type they remain, the performance for see-
page control expected are high compressibility, poor workability as construction 
materials, and semi-pervious to impervious characteristics when compacted. 
As embankments, instead of these soils, have good ability to take plastic de-
formation without shearing, they offer fair to poor shear strength or stability. 
These performances can be upgraded with the employment of lime stabiliza-
tion process in order to increase the plasticity index and the California Bearing 
Ratio values. 
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