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Abstract 
This study analyzes the geotechnical properties of the cut slopes along the 
Biankouma-Sipilou road project and the Kabakouma and Sokourala spurs in or-
der to identify the causes of embankment instability. The authors performed par-
ticle size analyses, Atterberg limit tests, modified Proctor tests, and CBR tests on 
samples taken at different depths from three specific sites: Pk1 + 760 - PK2 + 020, 
Pk4 + 500 - PK4 + 960, and PK9 + 460 - PK9 + 800. The results highlight specific 
soil horizons, including lateritic gravels, clayey sands, and deep clay layers rang-
ing from low to high plasticity. For each study site, the soil horizons exhibit, from 
top to bottom, high to very low bearing capacity and stability parameters, reach-
ing 7% and 9% respectively, for a dry density at the OPM of approximately 1.5 
t/m3 and 1.59 t/m3 for slopes Pk4 + 500 - PK4 + 960 and PK09 + 460 - PK09 + 
800. Slopes with unstable depths underwent stabilization techniques. 
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1. Introduction 

The development strategy in Côte d’Ivoire currently relies on modernizing transport 
infrastructure to improve accessibility to different areas of the country. Western 
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Côte d’Ivoire has strong economic potential, but unfortunately, its road network 
is underdeveloped [1]. This strategy is based primarily on two pillars: 
• The first focus is the conservation, maintenance, and upgrading of existing in-

frastructure; 
• and the second focus is the paving of new roads as part of economic and social 

development. 
It is within this second axis that the State of Côte d’Ivoire has included in its Na-

tional Development Plan (NDP) [2] the development and paving of the Biankouma- 
Sipilou road, including the Soukourala and Kabacouma spurs (80 km). This study 
area has very rugged terrain, and most of the mountain and valley slopes are ex-
posed to a high risk of erosion [3], because along the entire route, two types of soil 
are found: highly desaturated ferralitic soils derived from hypersthene granites, 
and highly and moderately desaturated ferralitic soils derived from granites [4]. 
Previous studies conducted by [5] show that rising temperatures, changing rain-
fall patterns, and extreme weather events affect road embankments. These are se-
verely impacted by these climatic hazards. 

Indeed, the ferrallitic weathering of granite, under a hot and humid climate, 
transforms the hard rock into loose materials (sand) and iron oxides. This process 
generates plasticity through the hydrolysis of feldspars into clay and mechanical 
strength through cementation due to iron oxides. 

During road construction projects, several difficulties arise, such as flooding of 
construction sites by rain, landslides, and, above all, the instability of embank-
ments in general due to the plasticity of the soil layers. Embankment stability plays 
a crucial role in many civil engineering and geotechnical projects. A natural or 
artificial embankment is an inclined surface of the ground that can be formed by 
natural processes or result from human intervention. 

In the field of geotechnics, slope stability analysis and management are essential 
for several reasons: 
• Unstable slopes can lead to landslides, endangering human lives and infra-

structure; 
• Preventing instability avoids significant costs related to damage and repairs; 
• Proper slope management ensures the longevity of structures and infrastructure. 

The stabilization of slopes contributes to the preservation of structures, hence 
the theme submitted to our study: “geotechnical characterization and stability 
analysis of cut slopes in road works, case of the works of the development and 
paving project of the Séguela-Touba/Biankouma-Sipilou road”. 

The overall objective of this work is to study the stability of cut slopes in road con-
struction. More specifically, it aims to analyze the geotechnical parameters influencing 
slope stability and to propose solutions to enhance the resilience of unstable slopes. 

2. Material and Methods 
2.1. Presentation of the Study Area 

The project is located in western Côte d’Ivoire, in the Tonkpi region, specifically 
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in the departments of Biankouma and Sipilou. It involves the development and 
asphalt paving of the Biankouma-Sipilou road, including the Kabacouma and 
Sokourala spurs. The project crosses the following localities: Biankouma, Worodou-
gou, Sipilou, Kabacouma, and Sokourala. The site plan is shown in Figure 1. The 
study area features highly desaturated ferralitic soils derived from hypersthene 
granites, and highly and moderately desaturated ferralitic soils derived from gran-
ites [4]. The hydrographic network is dominated by tributaries of the Cavally 
River and the N’Zi River to the south. The terrain in this area is very rugged, with 
a mountainous landscape that includes the region’s main peaks, such as Mount 
Tonkpi and the Dent de Man. 

 

 
Figure 1. Project location plan (Source: LBTP, 2020. Provisional report of the geotechnical 
study of the culvert platform and foundations, 60p.). 

2.2. Materials Sampling 

The materials used in this study were collected from different sections of the site’s 
embankments using standard construction equipment, including a backhoe, pick-
axe, shovel, and sampling bags. Three sampling sites were selected: site PK1 + 760 
- PK2 + 020, where a 9-meter-high cut embankment was found; and sites PK4 + 
500 - PK4 + 960 and PK9 + 460 - PK9 + 800, with an embankment approximately 
5 meters high after the topsoil was removed. Material samples were collected from 
four horizons at the first site and three horizons at the second and third sites. 
Figure 2 shows the different cut embankments.  

2.3. Study Method 

After the materials have been collected and transported, they are dried and then  
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Figure 2. Excavation slope (a): Pk1 + 760 - PK2 + 020, (b) Pk4 + 500- PK4 + 960, (c) PK9 + 460-PK9 + 800. 

 
subjected to geotechnical tests (particle size analysis, Atterberg limit, modified 
Proctor and CBR bearing capacity). 

2.3.1. Particle Size Analysis 
The test is carried out according to standard NF EN 933-1 [6], which consists of 
sieving the solid soil particles using a column of sieves with mesh sizes of 80, 63, 
50, 40, 31.5, 20, 16, 10, 5, 2, 1, 0.5, 0.2, and 0.08 mm. The cumulative percentage 
passing (CP) is calculated from the following Equation (1): 

 %CP 100 %CR= −   (1) 

 And 1%CR 100
Tot

M
M

= ×   (2) 

%CR is the percentage of cumulative rejections from the sieves.  

2.3.2. Atterberg Limit 
This analysis is carried out according to the NF EN ISO 17892-12 standard [7], 
which consists of determining the change in consistency of a soil (liquid state, 
plastic state, and solid state). The parameters determined are the plasticity index 
(IP) obtained from Equation (3), the liquid limits (WL) according to Equation (4), 
and the plastic limits (WP) according to equation 5. 

 P L PI W W= −   (3) 

 0.121
25L
NW ω 

 
 

=   (4) 

 P L PW W I= −   (5) 

2.3.3. Proctor Essai 
The test is carried out in accordance with standard NF P 94-093 [8]. The Proctor 
compaction characteristics of a material are determined using the modified Proc-
tor test, which is suitable for road projects. This test involves compacting samples 
in a mold using a rammer. It determines the optimal water content and maximum 
dry density of a soil during compaction for a given compaction energy. 

The weight of the water (Pe) is determined, then the water content of the ma-
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terial is calculated using the following equation: 

 ( )W%nat Pe Ps 100= ×   (6) 

The equipment used for the Proctor test is shown in Figure 3. 

2.3.4. CBR Essai 
The CBR test is performed following the modified Proctor test according to 
French standard NF P94-078 [9]. The thoroughly homogenized sample is placed 
in a CBR mold and compacted into five (5) layers, each 2.5 to 3 cm thick, using a 
modified Proctor rammer. After compaction and immersion of the samples in 
water, they are subjected to the pressure of the CBR apparatus corresponding to 
the following indentations : 0.25 mm - 0.50 mm - 0.75 mm - 1.0 mm - 1.50 mm - 
2.0 mm - 2.5 mm - 3.0 mm - 3.50 mm - 4.0 mm - 4.50 mm - 5.0 mm - 6.0 mm - 
7.0 mm - 8.0 mm - 9.0 mm. Figure 4 shows the equipment used for the CBR test. 

 

 
Figure 3. Materials for the proctor test: 1. Razor blade; 2. Proctor rammer; 3. Proctor mold; 4. 20 mm 
diameter sieve; 5. Tray; 6. Balance. 

 

 
Figure 4. Equipment for the CBR test 1: CBR mold; 2: Water tank; 3: CBR press. 

3. Results 
3.1. Particle Size Analysis of the Different Slopes 

The results of the particle size analysis carried out on the different horizons of the 
reworked soils relating to the slopes PK 01 + 760 - PK 02 + 020; PK4 + 500 - PK4 
+ 960 and PK9 + 460 - PK9 + 800 are presented in Figure 5. 

The results in Figure 5(a) show that at depths of 0 - 2 m, 2 - 4 m, 4 - 6 m, and 
6 - 9 m, the percentage of fines is 15.80%, 37.27%, 58.53%, and 81.35%, respec-
tively. The percentage of fines increases with the depth of the layers. The maxi-
mum diameter (Dmax) at these different depths is less than 50 mm, with a sieve 
size of 0.08 mm, which is also greater than 35%. However, the 0 - 2 m layer has a 
fines percentage below 35%. According to standard NF P 11-300, based on the 
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classification of materials usable in the construction of embankments and sub-
grade layers for road infrastructure, the slope PK01 + 760 - PK02 + 020 is class A 
according to the Road Earthworks Guide (GTR) [10]. The particle size at these 
different depths ranges from 0.080 mm to 60 mm. This slope consists of fine sandy 
and gravelly soils poor in fine particles in the 0 - 2 m layer. 

 

 
Figure 5. Grain size distribution curve of the slope horizons: (a) PK 01 + 760 - PK 02 + 020; (b) PK4 + 500 - PK4 + 
960 and (c) PK9 + 460 - PK9 + 800. 

 
Regarding Figure 5(b), the particle size distribution curve results show that at 

depths of 0 - 2 m, 2 - 4 m, and 4 - 6 m, the percentage of fines is 22.04%, 43.47%, 
and 58.87%, respectively. The percentage of fines also increases with the depth of 
the layers. The maximum diameter (Dmax) at these three depths is also less than 
50 mm, with a sieve size of 0.08 mm, which is also greater than 35%, except for 
the 0-2m layer, which has a fines percentage less than 35%. Since the characteris-
tics of slopes PK04 + 500 - PK04 + 960 are almost identical to those of the first 
slope, we can assume that they belong to the same class, i.e., class A. 

As for Figure 5(c), the particle size distribution curve shows that at the different 
depths of 0 - 2 m, 2 - 3 m, and 3 - 6 m, the percentage of fines is 31.50%, 55.89%, 
and 85.49%, respectively. For a depth ranging from 3 - 6 m, the percentage of fines 
increases with increasing layer depth. The maximum diameter (Dmax) at these 
different depths is less than 50 mm, with a sieve size of 0.08 mm, which is also 
greater than 35%, except for the 0 - 2 m layer, which has a fines percentage less 
than 35%. Since the characteristics of slopes PK09 + 460 - PK09 + 800 are practi-
cally identical to those of the first and second slopes, we can assume that these 
three layer depths are class A. 

3.2. Atterberg Limit 

Tables 1-3 present the different results on liquidity limits, plasticity limits and 
plasticity indices. 

https://doi.org/10.4236/gm.2026.162004


D. A. Seraphin et al. 
 

 

DOI: 10.4236/gm.2026.162004 59 Geomaterials 
 

Table 1. Values of the Atterberg limits of the embankment PK 01 + 760 - PK 02 + 020. 

Depth (m) 
Atterberg limits (%) 

WL WP IP 

0-2 42.80 21.25 21.55 

2-4 50.81 24.00 26.81 

4-6 52 25.69 26.31 

6-9 62.75 30.73 32.02 

 
Table 2. Values of the Atterberg limits of the embankment PK04 + 500 - PK04 + 960. 

Depth (m) 
Atterberg limits (%) 

WL WP IP 

0-2 46.70 24.27 22.43 

2-4 52.80 26.09 26.71 

4-6 56.40 28.07 28.33 

 
Table 3. Values of the Atterberg limits of the embankment PK09 + 460 - PK09 + 800. 

Depth (m) 
Atterberg limits 

WL WP IP 

0-2 57.20 29 31.50 

2-3 55.90 29.14 55.89 

3-6 60.70 29.58 85.49 

 
The results in Tables 1-3 show that the liquid limits (WL), plastic limits (WP), 

and plasticity indices (IP) increase with depth. For WL, the values range from 
42.80% to 62.75%, from 46.70% to 56.40%, and from 57.20% to 60.70%, respec-
tively. For WP, the values range from 21.25% to 33.75%, from 24.27% to 28.07%, 
and from 29% to 29.58%. And the IP values range from 21.55% to 32.02%, from 
22.43% to 28.33%, and from 31.50% to 85.49%, respectively. These IP results are 
presented in the Casagrande diagram [11] see Figures 6-8 in order to determine 
the nature of the materials of the different slopes sampled. 

The Casagrande diagram shows that the slope PK01 + 760 - PK02 + 020 exhibits 
slightly plastic clay soils at a depth of 0 - 4 m and highly plastic clay soils at a depth 
of 4 - 9 m. The slope PK04 + 500 - PK04 + 960 exhibits slightly plastic soils at a 
depth of 0 - 2 m and highly plastic soils at a depth of 2 - 6 m. As for the slope PK09 
+ 460 - PK09 + 800, the soils are all highly plastic clay, regardless of the sampling 
depth. 

3.3. CBR Bearing Capacity Characteristics of Embakment 

The results of the CBR tests at 95% of the Modified Proctor Optimum (MPO) 
carried out after 4 days of immersion in water will be presented in summary tables. 
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Figure 6. Position of the different depths of the disturbed soils of the embakment PK01 + 760 - PK02 + 020. 
 

 
Figure 7. Position of the different depths of the disturbed soils of the embakment PK04 + 500 - PK04 + 960. 

3.3.1. Resistance to CBR Approached at the Embakment PK01 + 760 - 
PK02 + 020 

Table 4 presents the characterization parameters of the slope formations PK01 + 760 
- PK02 + 020 as well as the CBR bearing indices. 

The results are presented according to the different time horizons. 
• Horizon A (0 - 2 m) corresponding to lateritic gravels exhibits the highest 

bearing capacity parameters with an average CBR of around 38.20% for a  
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Figure 8. Position of the different depths of the disturbed soils of the embakment PK09 + 460 - PK09 + 800. 

 
Table 4. Characterization parameters of the embakment formations PK01 + 760 - PK02 + 
020. 

Settings 
Embakment Formation 

A B C D 

Dry density MPO (T/m3) 2.21 1.74 1.58 1.55 

Water content MPO (%) 9.40 23.82 25.82 28.80 

Water content of the material W (%) 2.04 6.84 6.80 3.72 

Raw CBR Lift Index 38.20 25 12 7 

 
density at MPO of around 2.21 T/m3. These materials generally exhibit good 
mechanical performance, combining both the frictional character resulting 
from the presence of a significant percentage of gravelly elements with a cer-
tain cohesion resulting from the presence of fines at a level of 22%, thus ensur-
ing a certain cementation between the gravelly elements of the material. 

• Horizon B (2 - 4 m) corresponding to slightly gravelly clay whose formation 
generally presents average bearing capacity and stability parameters with a dry 
density at modified MPO of the order of 1.74 T/m3 against a CBR index at 95% 
of MPO of the order of 25%. 

• Horizon C (4 - 6 m), corresponding to reddish clay, is the dominant formation 
along the project axis. Based on identification parameters, these materials are 
characterized by an average fines content of approximately 59%. Overall, these 
materials exhibit low bearing capacity and stability parameters, with a modi-
fied Proctor optimum dry density of 1.58 T/m3 compared to a CBR index at 
95% of the MPO of approximately 12%. 

• Horizon D (6 - 9 m) corresponding to the schistose alteration clay presents the 
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weakest bearing parameters with an average CBR of the order of 7% for a dry 
density at MPO of the order of 1.55 T/m3, a liquid limit equal to 63% with a 
water content of 28.80%. 

The results for the slope at PK01 + 760 - PK02 + 020 show that, from 0 to 6 
meters deep, the materials constituting this slope are favorable to its stability, ac-
cording to the values obtained. However, from 6 to 9 meters deep, the soil is loose 
with unfavorable characteristics that influence the stability of this embakment, 
with a CBR value below 10. 

3.3.2. Resistance to CBR Approached at the Embakment PK04 + 500 - 
PK04 + 960 

The different characterization parameters of the formations of the slope PK04 + 500 
- PK04 + 960 are presented in Table 5. 

 
Table 5. Characterization parameters of the embakment formations PK04 + 500 - PK04 + 960. 

Settings 
Embakment formation 

A B C 

Dry density MPO (T/m3) 2.21 1.86 1.69 

Water content MPO (%) 9.40 14 25.51 

Water content of the material W(%) 2.04 3 6.50 

Raw CBR Lift Index 38 27 16.01 

 
The results in Table 5 show that: 

• The A horizon (0 - 2 m), corresponding to lateritic gravel, exhibits high bear-
ing capacity parameters with an average bearing capacity index of approxi-
mately 38% for a dry density at the MPO of approximately 2.21 t/m3. The fines 
content is approximately 22%. This horizon, composed of lateritic gravel, 
demonstrates good mechanical performance due to the presence of large 
gravel elements interspersed with fine particles that act as cement between the 
larger elements. The values are virtually identical to the A horizon of the slope 
PK01 + 760 - PK02 + 020. 

• Horizon B (2 - 4 m), corresponding to the slightly gravelly clay, is an intermedi-
ate formation between lateritic gravels and variegated clays. This material gen-
erally exhibits average bearing capacity and stability parameters, with a dry den-
sity at the MPO of approximately 1.86 t/m3 and a CBR index at 95% of the MPO 
of 27%. This depth is characterized by a relatively high percentage of fines (43%), 
an average plasticity index of approximately 27%, and a liquid limit of 53%. 

• The C horizon (4 - 6 m), corresponding to the yellowish-red variegated clay, 
exhibits relatively low but acceptable bearing capacity and stability parameters 
according to LBTP recommendations. Indeed, the dry density at the OPM (Oil 
Pressure Measure) is approximately 1.69 t/m3, with a CBR index at 95% of the 
average OPM, which is approximately 16.01%. This clay is characterized by a 
very high percentage of fines (59%), a liquid limit of 56%, a plastic limit of 
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28%, and a plasticity index also of 28%. 
An embakment is considered stable when the materials constituting it meet the 

following conditions: 
- A fines content of 60% or less 
- A maximum dry density of 1.50 or greater 
- A liquid limit of 60% or less. 
Based on the characteristics of slope PK04 + 500 - PK04 + 960, it is therefore 

deemed stable. 

3.3.3. Resistance to CBR Approached at the Embakment PK09 + 460 - 
PK09 + 800 

Analysis of the results from this Table 6 shows that for: 
 

Table 6. Characterization parameters of the embakment formations PK09 + 460 - PK09 + 
800. 

Settings 
Embakment Formation 

A B C 

Dry density MPO (T/m3) 1.76 1.68 1.59 

Water content MPO (%) 17.20 19.50 26.20 

Water content of the material W (%) 6.29 6.70 2.90 

Raw CBR Lift Index 25 16 9 

 
• Horizon A (0 - 2 m) corresponding to the reddish, slightly gravelly clay  

This material is characterized by an average fines content of approximately 
32%, compared to an average plasticity index of 28%. The liquid limit is approxi-
mately 57%, while the plasticity limit is 29%. This material exhibits good bearing 
capacity and stability, with a dry density at 95% of 1.76 t/m3 and a CBR index at 
95% of 25%. The mechanical performance of this material is likely due to a good 
distribution of coarse elements, which constitute the gravel, with the fine clay par-
ticles, which act as a binder. 
• Horizon B (2 - 3 m) corresponding to reddish lateritic clay 

This reddish lateritic clay has a high percentage of fines, around 56%, compared 
to an average plasticity index of 27%. The liquid limit is also around 56%. This 
material exhibits low bearing capacity and stability, with a dry density at 95% of 
1.68 t/m3 and a CBR index at 95% of 16%. The poor mechanical performance of 
the material is likely due to a significant amount of fine particles, which are highly 
plastic clay. This clay is prone to swelling because it is very sensitive to water. 
• Horizon C (3 - 6 m) corresponding to the shaly weathered clay 

The shaly weathered clay exhibits low bearing capacity parameters with an av-
erage CBR of approximately 9%, a dry density at the OPM of approximately 1.59 
t/m3, a liquid limit of 61%, and a water content at the OPM of approximately 
26.20%. This material appears to be an extension of the slope PK01 + 760 - PK02 
+ 020, which is 6-9 m deep. A very high percentage of fines (85%) is observed, 
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along with a high plasticity index of 31% and a very high liquid limit of 61%. The 
poor performance of this layer is likely due to the presence of weathered shaly 
rocks of very low hardness. These clays of schistous origin are very plastic and 
sensitive to water, therefore prone to swelling. 

It should be noted that the slope between PK09 + 460 and PK09 + 800 is con-
sidered unstable based on the characteristics of its materials. From 0 to 3 meters 
deep, the materials exhibit characteristics favorable to slope stability. Beyond 3 
meters, we find shale with unfavorable characteristics. The fines content is 85.49%, 
exceeding 60%, the CBR (Cellular Boundary Ratio) is 9, also below 10, with a dry 
density of 1.59 and a water content of 26.20%. These characteristics are unfavor-
able and compromise the stability of this slope. 

The fines content remains above 35% for almost all three slopes. It is also noted 
that the maximum particle diameter of these formations is less than 50 mm. These 
soils belong to class A according to the classification in the French Road Earth-
works Guide (GTR). 

4. Discussion 

The particle size analysis study shows that the percentage of fines obtained at dif-
ferent depths is greater than 20%. These results contradict those of [12] and [13], 
who obtained between 10% and 13% fines in lateritic gravels. Regarding the plas-
ticity index, [14] and [15] obtained plasticity indices of 19.6 and 19.46, respec-
tively. It should be noted that these authors worked with lateritic gravels for back-
fill materials used in subgrade layers. For these types of materials, the French 
Building and Public Works Laboratory (LBTP) [16] recommends a plasticity in-
dex of less than 20%. However, for excavated materials, the plasticity index should 
be greater than 20%, as recommended by the LBTP. Our results are consistent 
with those of Kouakou (2019), who also worked with this type of material. 

For the CBR bearing capacity study of the PK01 + 760 - PK02 + 020 slope, the 
water content results determined during the work are identical to those of [15] 
[14] and [12]. Regarding dry density, Hien and Millogo obtained 2.28 t/m3 and 
2.19 t/m3, respectively. These values are consistent with the results obtained for 
the lateritic gravels of the two slopes. However, concerning the dry density values 
for the lateritic gravels at the OPM, Mahamat (2012) obtained high dry densities 
ranging from 2.35 t/m3 to 2.44 t/m3, which differ from the results obtained during 
this work (2.21 t/m3). 

For the slope PK04 + 500 - PK04 + 960, the results of the bearing capacity index 
of the lateritic gravel studied on our slopes give a bearing capacity index greater 
than or equal to 38%, which is in accordance with the recommendations of the 
LBTP which advocates a bearing capacity index greater than 30. These results are 
consistent with those of [17] which recorded a minimum bearing capacity index 
at 95% of the OPM equal to 30 and [18] which obtained a maximum bearing ca-
pacity index at 95% of the OPM equal to 66. 

For the slope between PK09 + 460 and PK09 + 800, the plasticity index used to 
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characterize soil angularity presents unfavorable characteristics in terms of water 
sensitivity. This characterization gives these soils a clayey nature, ranging from 
slightly to highly plastic and deformable, with Plasticity Indices between 20% and 
32%. These soils are of the clayey and clayey-gravelly type, without any trace of gravel. 

According to [16], soils with a Plasticity Index (PI) greater than 15 are plastic. 
The GTR indicates that these formations belong to subclasses A1 and A2. LBTP 
confirms this result and adds that the plastic soils are only slightly deformable. 
However, the clayey nature is implicated in the issue of slope stability. The results 
of the soil samples are suitable for providing a good platform soil for road con-
struction, with the exception of certain depths such as the depth of 6 to 9 m for 
slope 1 and 3 to 6 m for slope 3. 

Regarding the minimum CBR values at 95% of OPM after 4 days of water im-
mersion, permitted for raw materials used in road construction, are 30% and 80% 
respectively, according to [19]. Taking these geotechnical parameters into ac-
count, the samples studied are suitable for the construction of a pavement base 
course and for the integrity of cut embankments. 

5. Conclusions 

Based on the results concerning the stability of the different embankments stud-
ied, it appears that the embankment PK01 + 760 - PK02 + 020 exhibits materials 
favorable to its stability from 1 to 6 m in altitude, with acceptable CBR values. 
Beyond 6 m in depth, the soil becomes loose with characteristics unfavorable to 
its stability. 

The embankment PK04 + 500 - PK04 + 960, at an altitude of 5 m, shows stable 
material characteristics. This is not the case for the embankment PK09 + 460 - 
PK09 + 800. From 0 to 3 m in depth, the materials of this embankment exhibit 
characteristics favorable to its stability. Then, beyond 3 m in depth, the character-
istics become unfavorable, leading to instability. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this paper. 

References 
[1] Kouakou, B. (2019) Contribution à l’amélioration d’un Graveleux Latéritique Naturel 

de Type G3 par la méthode de litho-Stabilisation. Mémoire de Master en Géologie 
Appliquée, Option Géomatériaux et Géotechnique, Université Jean Lorougnon 
Guédé, 44 p. 

[2] PND (2021-2025) Plan National de Développement. Ministère du plan et du développe-
ment, République de Côte d’Ivoire, 200. 

[3] Afangbedzi, K. (2022) Etude hydrologique, hydraulique et structurale—Projet de ren-
forcement de la route KORHOGO-SINEMATIALI-FERKESSEDOUGOU. Rapport 
de stage DESS Ingénierie géotechnique, 115 p. 

[4] Avenard, J.M. (1972) Aspect de la géomorphologie. In: Milieu naturel de la Côte 
d’Ivoire, Mémoire OSTROM, 20-22. 

https://doi.org/10.4236/gm.2026.162004


D. A. Seraphin et al. 
 

 

DOI: 10.4236/gm.2026.162004 66 Geomaterials 
 

[5] Ye, D.T., Koffi, E.K. and Béchi, F.G. (2020) Analyse des facteurs de l’érosion hydrique 
et dégradation environnementale en milieu urbain de Bouaké (Côte d’ivoire). Agron-
omie Africaine, 1, 68-92. 

[6] NF EN 933-1 (2012) Essais pour déterminer les caractéristiques géométriques des 
granulats. Partie 1: Détermination de la granularité-Analyse granulométrique par 
tamisage. 19 p. 

[7] NF EN ISO 17892-12 (2008) Reconnaissance et essai géotechnique-essais de la-
boratoire sur les sols. Partie 12: Détermination des limites de liquidités et de plastic-
ités. 36 p. 

[8] NF P 94-093 (2014) Sols: Reconnaissance et essais-Détermination des références de 
compactages d’un matériau-essais Proctor normal-essai Proctor modifié. 28 p. 

[9] NF P94-078 (1997) Sols: Reconnaissance et essais-Indice CBR après immersion. In-
dice CBR immédiat. Indice portant immédiat-Mesure sur échantillon compacté dans 
le moule CBR. 12 p. 

[10] GTR (2014) Chapitre. Classification des sols, Norme NF P11 300 et GTR, 12 p.  
https://www.mcours.net/cours/pdf/hasclic1/haclic872pdf  

[11] Casagrande, A. (1948) Classification and Identification of Soils. Transactions of the 
American Society of Civil Engineers, 113, 901-930.  
https://doi.org/10.1061/taceat.0006109 

[12] Hien, S. (2020) Caractérisation physique et mécanique de matériaux routiers naturels 
traitésaux liants hydrauliques: Cas des graveleux latéritiques du tronçon Grand La-
hou Dabou et le ciment. Mémoire de Master en Géologie Appliquée option Géoma-
tériaux et Géotechnique, Université Jean Lorougnon Guédé, 54 p. 

[13] Tierraud, H.C. (2020) Retraitement en place au ciment: Données de contrôle qualité 
de la couche de fondation de la route Yamoussoukro-Bouaflé-Daloa. Mémoire de 
Master en Géologie Appliquée option Géomatériaux-géotechniques, Université Jean 
Lorougnon Guédé, 50 p. 

[14] Millogo, S.E.I. (2017) Retraitement de chaussées par amélioration des caractéristiques 
mécaniques de la couche de base latéritique. Mémoire de Master en ingénierie de 
l’eau et de l’environnement option Génie Civil Routes & Ouvrages d’Art, Institut In-
ternational d’Ingénierie de l’Eau et de l’Environnement, 91 p. 

[15] Mahamat, N. (2012) Améliorations des graveleux latéritiques au ciment en couches 
de Chaussées au Burkina Faso: Cas des travaux de renforcement de la RN1 entre 
Boromo et Bobo-Dioulasso. Mémoire de Master en Ingénierie de l’eau et de l’envi-
ronnement option génie civil, Institut International d’ingénierie de l’eau et de l’envi-
ronnement, 77 p. 

[16] LBTP (1977) Manuel pour la conception et le dimensionnement des chaussées 
neuves. LBTP, 38 p. 

[17] Bamba, B. and Gérard, L. (1977) Recommandation pour l’utilisation en corps de 
chaussée de graveleux latéritiques naturels améliorés au ciment. Rapport de recher-
che interne du LBTP, 147 p. 

[18] Djandjiéme, O.M. (2018) Caractérisation des graveleux latéritiques améliorés au ci-
ment et Litho-stabilisés en vue d’une utilisation en construction routière. Mémoire 
de Master d’ingénierie Option Génie Civil: Routes & Ouvrages d’Art, Institut Inter-
national d’Ingénierie de l’Eau et de l’Environnement (2IEE), 137 p. 

[19] Millogo, Y. (2008) Etude géotechnique, chimique et minéralogique de matières prem-
ières argileuses du Burkina-Faso améliorés aux liants hydrauliques: Application au gé-
nie Civil (Bâtiment et route). Thèse de Doctorat, Université de Ouagadougou, 144 p. 

https://doi.org/10.4236/gm.2026.162004
https://www.mcours.net/cours/pdf/hasclic1/haclic872pdf
https://doi.org/10.1061/taceat.0006109

	Geotechnical Characterization and Stability Analysis of Excavation Slopes in Road Works: Case of the Works of the Seguela-Touba/Biankouma-Sipilou Road Development and Asphalt Project
	Abstract
	Keywords
	1. Introduction
	2. Material and Methods
	2.1. Presentation of the Study Area
	2.2. Materials Sampling
	2.3. Study Method
	2.3.1. Particle Size Analysis
	2.3.2. Atterberg Limit
	2.3.3. Proctor Essai
	2.3.4. CBR Essai


	3. Results
	3.1. Particle Size Analysis of the Different Slopes
	3.2. Atterberg Limit
	3.3. CBR Bearing Capacity Characteristics of Embakment
	3.3.1. Resistance to CBR Approached at the Embakment PK01 + 760 - PK02 + 020
	3.3.2. Resistance to CBR Approached at the Embakment PK04 + 500 - PK04 + 960
	3.3.3. Resistance to CBR Approached at the Embakment PK09 + 460 - PK09 + 800


	4. Discussion
	5. Conclusions
	Conflicts of Interest
	References

