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Abstract 

The stability of the natural slopes of the “Corniche Ouest” of Dakar Capital was intensively researched by 
previous [1] in [2] and recent studies [3]. Soils near the surface consist of weathered lateritic cuirass, silt and 
marl that have been intensively altered and fractured. Below these altered layers are limestones that are in-
terbedded with other thin volcanic layers. Prior to the 1950s the area had been less urbanized. In the 1950s 
demand for habitations and administrative offices led to the development of the area but, no drainage system 
was available. In 1984 the area began moving down slope toward the ocean. Rates of movement were the 
fastest several months after the end of the rainy season and the slowest during the dry season. In the next 
years the earthflow moved as much as some meters, but in the processes the expensive homes and adminis-
trative buildings built became uninhabitable. Movement was caused by a combination of wave erosion along 
the coast removing some the mass resisting flow, added water due to the disposal of wastes, watering of 
lawns, and rainfall causing the clays to expand and weaken, and by the added weight of development on top 
of the flow. The first investigations, due to a lack of geotechnical information describe a stable area even 
though it was observed cracks and failure in habitations. The main results obtained were specially obtained 
by analytical techniques of slices. It is well known that the mechanical response of a solid mass of soil de-
pends primarily on the laws of behavior which were affected to him. The Cam-Clay model is used with two 
comparative numerical codes such as Castem 2000©, a non commercial code and Plaxis 7.2© so as to com-
pare the mechanical response of the slopes. The models of Cambridge are founded as simple theory and use 
only some soil mechanical parameters easy to determine. The results are founded highly different from a 
code to another, but they attest all that the system described is non stable. Otherwise, this study has shown 
that Castem 2000© gives no realistic outputs as well as the soil behavior laws varies from a simple Mohr- 
Coulomb law to the softening or hardening complex laws. 
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1. Introduction  

The stability of Dakar in general and that of the Corniche 
ouest in particular is a recurring problem which required 
several studies in regards to the importance of this site in 
the development of Dakar; capital city of Senegal [1] in 
[2] and [3]. With regards to geography, the Cape Verde 
peninsula is located in the edge of Atlantic Ocean and 
between meridian lines 1700′ and 1735′ W and parallels 
1430′ and 1500′ (Figure 1). 

The climate here is a Sudan-sahelian climate type, 
characterized by one dry season (between November and 
June, with an average temperature ranging from 20 to 
25˚C) and a wet season (between July and October, with 
an average temperature ranging from 30 and 35˚C). 

Climate plays a significant role in the stability of the 
slopes since the majority of the disorders occurring in 
regards to the slopes, is in relation to the hydrogeological 
data, in particular the infiltration, which by the medium 

f an underground flow, refills the groundwater. The  o           
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Figure 1. Location of the studied area [4]. 

western side of the “Bernard’s Crick” is the area of study. 
It is located in the East of Cape Verde peninsula between 
the “fishermen beach” and “Point Bernard” (Figure 1). 
Geologically speaking, we notice that the formations 
constituting Cape Verde peninsula include a tertiary 
sedimentary unit, volcanic rocks and a lateritic cuirass 
which have been installed during the tertiary and quater-
nary areas. In our sector, only the Formations of Made-
leines’s Island and the Formations of the “Hospital” are 
met at the outcrop on the coast. The formation met in 
Madeleines’s Island is of Paleocene age while the un-
matched formation of the hospital on that of the Made-
leines, is dated between the Paleocene superior and the 
early lower Eocene [5,6]. However, recent works of [2] 
allot them a Paleocene age ranging between inferior to 
medium. Also, it is noticeable that as for the hydro-
geological system, fracturation has much influence on 
stability. The fracturation system is evidenced in the 
Cape Verde peninsula by great faults delimiting horsts 
and graben which development started at the end of the 

Cretaceous or Paleocene periods (horst of Dias and Da-
kar, graben of Rufisque). 

2. Topics 

The study of the stability of the slopes is of paramount 
importance in the field of regional planning in particular 
for the realization of civil engineering works. Thus vari- 
ous studies were conducted ending to analytical calcula- 
tion methods such as Fellenius vertical trenches method 
(1936) improved by Bishop in 1955 and the friction cir- 
cle method. These methods are based on the assumption 
that the rock mass in rupture can be divided into sections 
or polygons. Their difference lies on the form of the 
rupture surface and the assumptions concerning the in- 
teractions between the various sections. The mechanical 
response of a solid mass of ground depends primarily on 
the laws of behavior which were affected to him. It is 
thus very significant to choose the rheological model 
which will be able to reproduce with an optimal fidelity 
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the response of the solid mass in regards to the strains 
imposed to him according to the relevant scale. The 
models of Cambridge are based on a simple theory and 
use only some current mechanical parameters of soil 
easy to determine. The behavior of a solid mass of 
ground, according to these models, can be compared, 
with enough accuracy, to that of an elastoplastic material 
whose stress-strains fundamental relations, as well as the 
equation of limit condition surface are well defined. 
Castem 2000© is a structured analytical code software 
based on finite element method and more generally a 
solution of partial derivative equations by the finite ele-
ment method. It has been elaborated upon by the CEA 
(Commissariat à l’Energie Atomique, France). The main 
feature of this software is to be extremely adaptable to 
the multiple applications specific to each user, but espe-
cially to be available for education and research purposes. 
Otherwise, Plaxis© is a commercial tool which is one of 
the best known geotechnical modeling software. 

3. A Summary of the Cam Clay and the 
Modified Cam Clay Models 

The first critical state models for describing the behavior 
of soft soils such as clay, the Cam-Clay (CC) and Modi-
fied Cam-Clay (MCC) were built to models the impor-
tant aspects of soil behavior (the strength, the volume 
change and the critical states of soils) [7]. The primary 
assumptions of the CC and MCC models are described 
next. In critical state mechanics, the state of a soil sample 
is characterized by three parameters, the effective mean 
stress (p’), the deviatoric (shear stress, q’ and q) and the 
Specific volume (v). 

Under general stress conditions, the mean stress p’ is 
calculated in terms of principal stresses as 

 1 2 3
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while triaxial shear stress is defined as 
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The models assume that when a soft soil sample is 
slowly compressed under isotropic stress conditions, and 
under perfectly drained conditions, the relationship be-
tween specific volume,  and lnp’ consists of a straight 
virgin consolidation line (also known as the normal 
compression line) and a set of straight swelling lines. 
Swelling lines are also called unloading-reloading lines. 
The virgin consolidation line is defined by the equation  
= N-lnp’, while the equation for a swelling line has the 
form  = s-lnp’. The values, and N are characteristic 
properties of a particular soil. is the slope of the normal 

compression (virgin consolidation) line or the critical 
state line in the -lnp’ space, while is the slope of swell-
ing line in the -lnp’ space. N is known as the specific 
volume of normal compression line. 

The parameter  is the specific volume of the CSL. 
There is a relationship between the parameter N of the 
normal compression line and . For the Cam-Clay model 
the two parameters are related by the equation 
  N  (1 k)  while for the Modified Cam-Clay model 
the relationship is   N  (1 k)ln 2. 

Under increasing triaxial shear loading q, the Cam 
Clay and the Modified Cam Clay soils behave elastically 
until a yield value of q is attained. The yield values are 
determined from the following equations: 
- For Cam-Clay, 
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- For Modified Cam-Clay, 
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In geotechnical engineering, the elastic material con-
stants commonly used to relate stresses to strains are 
Young’s modulus, E, shear modulus, G, Poisson’s ratio, 
µ, and bulk modulus, K. Only two of these parameters 
must be specified in an analysis. For Cam-Clay and 
Modified Cam-Clay soils, the bulk modulus is not a con-
stant. It depends on mean stress, p’, specific volume, v, 
and the swelling line slope, and is calculated at a point in 
a soil as. 

K=
vp

k
 

Cam-Clay and Modified Cam-Clay formulations re-
quire specification of shear modulus G or Poisson’s ratio 
µ, but not both. When G is supplied then m is no longer a 
constant, but is calculated from the formula 
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When m is specified then G is determined using the 
relationship 
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If Young’s modulus and Poisson’s ratio for a material 
are known, then shear modulus G can be determined 
from the equation 

 2 1
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The current state of a soil can be described by its stress 
state (mean effective stress, p’), specific volume, v, and 
yield stress, p’

0 (also known as preconsolidation pressure 
is a measure of the highest stress the soil has ever ex-
perienced). The ratio of preconsolidation pressure to 
current mean effective stress is known as the over con-
solidation ratio (OCR), i.e. 

0P
OCR

P



 

The slope M of the CSL in q-p’ space can be calcu-
lated from the friction angle  (measured in triaxial 
compression test) of the Mohr-Coulomb yield criterion 
as 

6sin

3 sin
M








 

The slopes and of the normal compression and swell-
ing lines in -lnp’ space are related to the compression 
index, Cc, and swelling index, Cs, measured in odometer 
tests through the equations 

ln10
CC

   

and 

ln10
SC

k   

Often is chosen to be in the range of 
3


 to 

5


. 

4. Characteristics of the soils 

The formations can be divided in three principal layers 
which are: 
· the crust or lateritic cuirass, 
· the “silts of the Hospital” area subdivided in two 

sub-layers, a first sub-layer below of the groundwater 
table and a second entirely immerged; 

· marls also distributed in two levels which geotechni-
cal characteristics are different. 

4.1. Lateritic Crust 

The cuirass constitutes the summit coating of the cliff 
and is showed in the form of a lateritic crust. The values 
of the parameters found are presented in the table here-
after (Table 1). 

4.2. Characteristics of Subjacent Layers 

By subjacent layers, we mean the layers other than the 
lateritic layer that is the silts and the marls. The model  

Table 1. Values of the parameters for the lateritic crust. 
[Castem 2000© use singular converted units such as Pa and 
kg/m3]. 

Parameters  

E (Pa) 300.106 

 0.4 

Y (Pa) 49.84 × 103 

 (kg/m³) 103 

 
applied for these layers is the Cam-clay plastic elastic 
mechanical model, which requires determining the soil 
parameters.  
Silts 

The silts are the basic constituents of the Hospital 
formations; they are highly made of silica (60 to 80% 
according to [4] and have a very significant thickness 
(the most widespread formations in the area). Their con- 
sistency varies from top to bottom and thus two levels 
were distinguished with geotechnical characteristics more 
or less different. The first level is called surface silt and 
the second level, which is tenderer, is called depth silt 
(Table 2). 

Let us note that, at the difference of surface silts, 
depths silts are entirely located in the groundwater whose 
static level was supposed as corresponding with the roof 
of the depths silts. 

4.3. Marls 

They constitute the formation of the Madeleine’s islands 
and outcrop only in certain places of Dakar coast (“Plage 
des enfants”, “Plage des pêcheurs”). They show hetero-
geneity materialized by an increase of the argillaceous 
fraction upwards. Like the silts, they were subdivided in 
two levels: a superficial level (roof marls) and a deeper 
level (depth marls). The following table gives the values 
of the parameters used in modeling for these marls levels 
(Table 3). 

The following Table 4 gives the preconsolidation 
pressure values of the various formations following a 
variation of the OCR. 

5. Modelisation 

The modeling of Dakar Corniche stability was carried 
out using the education and research version for Castem 
2000© [8-10] and thereafter using Plaxis© for a compari-
son of the results. To simplify the study, a certain num- 
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Table 2. Cam-clay model for silts parameters Values (OCR 
= 1). [Castem 2000© use singular converted units such as Pa 
and kg/m3]. 

 Surface silts Depth silts

Initial voids ratio (e0) 0.84 0.91 

Friction Angle (M) 1.42 0.94 

Cohesion (C in Pa) 292.5 × 103 292.5 × 103

Preconsolidation pressure (’
c in Pa) 420 × 103 2700 × 103

Plastic slope in the diagram e-logp () 0.14 0.14 

Elastic slope in the diagram e-logp () 0.03 0.03 

Shearing Modulus (G in Pa) 1.5 × 106 2.25 × 106

Bulk density ( in kg/m3) 18.4 × 103 18 × 103

Poisson Coefficient () 0.33 0.33 

Young Modulus (E in Pa) 4 × 106 6 × 106 

Table 3. Cam-clay model for marls Parameters values 
(OCR = 1). [Castem 2000© use singular converted units such 
as Pa and kg/m3]. 

 roof marls Depth marls

Initial voids ratio (e0) 0.66 0.54 

Friction Angle (M) 0.53 0 

Cohesion (C in Pa) 70 × 103 500 × 103

Preconsolidation pressure (’
c in Pa) 4140 × 103 6200 × 103

Plastic slope in the diagram e-logp () 0.227 0.227 

Table 4. Pre consolidation pressure for different OCR val-
ues. 

 surface silt Depth silt roof marls depth marls
OCR Preconsolidation pressure in 103 Pa 

1 420 2700 4140 6200 
1.5 630 4050 6210 9300 
2 840 5400 8280 12,400 

2.5 1050 6750 10,350 15,500 
3 1260 8100 12,420 18,600 

ber of assumptions were made: 
· Initially the study is made while blocking only the 

base of the structure, in other words by blocking the 
base of the depth marls, 

· Then the stability is studied by blocking only the side 
opposed to the slope; 

· Finally the last limit condition consisted in simulta-
neously blocking the two previous sides i.e. the base 
and the side opposed to the slope. 
Regarding the loading conditions, we considered as 

loading force the own weight of the various layers which 
constitute the solid mass. Following these various as-
sumptions, we worked out programs (for these three limit 
conditions cases) in gibiane language with parameters 
enabling to plot the structures before and after deforma-
tion and especially to extract the constraints and dis-
placements field along different axis. 

Figure 2 shows the geometry of the grid structure. 
The constituents of the elementary grid are those speci-
fied in OPTI function, i.e. of the triangular elements with 
three nodes (TRI3). 

6. Presentation of Results 

The execution of the programs gives the results. We will 
give here the different results step by step while trying to 
explain the role of certain language options in order to 
facilitate comprehension. If the result of the gridding is 
the same for the three cases studied, the deformed 
structures vary significantly from one case to another. 
These deformed structures are the result of the elabora- 
tion of mass matrixes (MASi) and rigidity matrix (RIGi) 
and after solution of the system made by these two 
matrixes. The mass matrix is built owing to the MASS 
operator, with precising the model and characteristics of 
the material. The strength of own weight which consti- 
tutes the load is calculated by multiplying the mass by 
the acceleration. Thus, it is manually created an accelera- 
tion field owing to the MANU CHPO operator, while 
precising the support grid, the number and name of the 
components and also the acceleration value. Figures 3, 4 
and 5 respectively show the deformations for the three 
limit cases considered. 

6.1. Deformation and Stress Fields 

According to the different problems, it is necessary to 
calculate the deformation or stresse fields. For this 
purpose, SIGMA and EPSI operators are used, which 
respectively calculate the stress and deformations tensors 
on the basis of the displacement field resulting from the 
loading. For these operators, the syntax that is used 
equires the model and material and geometrical chara-  r        
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Figure 2. The system’s mesh with Castem 2000©. 

 

Figure 3. Case 1, Deformation with blocking of the base. 

 

Figure 4. Case 2, Deformation with blocking of the side opposite to the slope. 

 

Figure 5. Case 3, Deformation with simultaneous blocking of the two sides. 

cteristics data to be supply. For each limit conditions 
case considered, the isovalues of the stress and deforma- 
tions are traced along the two axes and this enables to 
draw the graphics. From the graphics of the stress fields 
and deformations (of the isovalues) one can draw the 
maximum stress and deformations values. These values 
are given in the following table in which case 1, 2 and 3 
correspond respectively to blocking of the base, of the 
side opposed to the slope and of the two sides simul- 
taneously. 

6.2. Analyses and Interpretations 

The drawing of the deformed structures in the three cases 
(with Castem 2000©) enables to question the previous 
conceptions with regards to the stability of the solid mass. 
These figures show clearly that in any cases, the solid 
mass is prone to vertical and horizontal movements. 

These movements originate from the own weight of 
the grounds mass and are showed by considerable 
ompressions and swellings. The stress and deformations  c    
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Figure 6. Deformation with Plaxis©. 

Table 5. Maximum stress and deformations values (from 
Castem 2000©). 

Stress (MPa) Deformations (m) 
 

Vertical Horizontal Vertical Horizontal 

Case 1 0.665 1.3 3.64 × 10–3 1.16 × 10–1 

Case 2 261.41 811.06 2.424 17.743 

Case 3 5.63 16.081 0.103 5.535 

 
isovalues graphic chart enables to determine the max- 
imum allowable stress values as well as the final defor- 
mations. Negative stress values can be related to two 
phenomena. On one hand this can be due to the orienta- 
tion of the axes (the y-axis is directed to the top while 
loading forces are directed in contrary direction) and on 
the other hand the areas with negative constraints may 
correspond to areas in traction. In the same way and 
according to the orientation of the axes, the negative 
deformations areas can correspond to compression areas 
and those with negative deformations to swelling areas. 
The analysis of different types of deformations allows 
saying that the condition of blocking the side opposed to 
the slope seems to be the most probable situation 
knowing that it shows clearly and without any ambiguity 
a slip of the solid mass along the slope. In the three 
studied cases (Table 5), the stability of the solid mass is 
disturbed if it is subjected to conditions of vertical 
constraints exceeding respectively 6.65 × 10–3, 261.41 
and 5.63 MPa. In other words, under these conditions of 
blockings, the solid mass could not stand loadings in- 
volving vertical constraints higher than these respective 
values. Otherwise, the use of Castem 2000© seems to be 
more difficult and needs a lot of time to analyze the 
systems than Plaxis©. These two results had been com- 
pare to analytical calculations and the results had shown 
than Plaxis© is more realistic than Castem 2000© (Figures 

6) for this kind of analysis we expected to do and for the 
future the imple mentation of the Cam clay or modified 
Cam clay models in Castem 2000© must be more im- 
proved by users. 

7. Conclusions 

The study of the results of simulation by Castem 2000© 
and Plaxis© shows that the solid mass submitted to the 
action of its own weight are the object of considerable 
deformations which vary according to the considered 
limit (boundary) conditions. The studies undertaken within 
the framework of this article consisted in simulating the 
behavior of Dakar East Cornice, using Castem 2000© and 
Plaxis© software’s while backing up on the results of the 
former studies for the choice of the input parameters 
values. The former studies (by the analytical methods) 
carried out on the site gave values of very high safety 
coefficient of about a 1.66 (representing the lowest 
Bishop safety coefficient value found in this sector) [11]. 
These studies enabled to affirm that regarding geotechni- 
cal results, the solid mass is stable. Contrary to these 
studies, the simulation carried out enabled us to visualize 
and appreciate the total rheological response of the solid 
mass and to draw the conclusion relating to the instabi- 
lity of the grounds. 
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