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ABSTRACT 
 

The hydraulic project of Beni-Haroun is part of an extensive program for the 
mobilization and transfer of surface water to address the strong regional hydrological 
inequalities in Algeria,. The difficult topography of Mila basin requires every time the 
assessment of the sliding risk of slopes which may contain complex system of the 
water transportation from Beni-Haroun dam over long distances. In this paper, two and 
three dimension numerical analysis are investigated to assess the safety factor of Ain-
Tinn natural slope which already contain a buried pipeline with 800mm diameter. 

In addition, the parametric study allowed us to determine the effect of the 
cohesion gradient in depth on the possible failure mechanisms and on the value of the 
safety factor in particular. 
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1. INTRODUCTION 
In many part of the world, human lives and economic losses caused by 

landslides are very important (H. Conforth, 2005). The stability of natural slopes is a 
problem which interest both of geotechnical community as well researchers (Khemissa, 
2006).There is an increasing recognition of the need for assessment of landslide 
susceptibility and hazard and for landslide risk management (Chowdhury, 2010).  

For these reasons and the catastrophic hazards due to the landslide of Ain-Tinn 
in Mila province, which translate by cracks in the crest of the slope and several 
damages In the pipeline, this paper is a contribution in the evaluation of sliding risk 
caused by this slope. 
 
2. THE HYDRAULIC PROJECT OF BENI-HAROUN 

The hydraulic project of Beni-Haroun is of particular importance in Algeria. It is 
part of an extensive program for the mobilization and transfer of surface water to 
address the strong regional hydrological inequalities. 

The difficult topography of the Mila region requires the installation of a complex 
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technical system for the transfer of water from the Beni-Haroun dam (1 billion-m3 
capacity) over long distances. Giant pumping station, 3 control dams and over 600 km 
of transfer and conveyance pipes (Bouatia et al., 2017).  

In particular, Ain-Tinn's AEP pipe, which supplies the city of Mila, is experiencing 
repetitive breaks. These breaks are caused by insufficiently investigated natural 
instability processes, which according to knowledgeable sources could cost more than 
200 MDA to the hydraulics sector for the repair of a single break in a pipe of this size 
(Bouatia and Demagh, 2017). Analytical prediction methods, such as the calculation of 
the simple safety factor, usually used in design offices, accompanying the construction 
of a pipe on a high slope are therefore insufficient. A more detailed investigation (field 
of research) appears to us in several respects. 
 
3. GEOGRAPHICAL AND GEOLOGICAL CONTEXT  

Mila Province is located in the North-East of Algeria. It is bordered north by Jijel 
and Skikda Provinces, south by Batna Province, West by Sétif Province and 
Constantine Province at East as shown in Fig. 1. It covers an area of 3,550 km2 
composed by five communes: Ferdjioua, Chelghoum Laid, Grarem Gouga, Oued Naja, 
Rouached and 32 municipalities. 

Ain-Tinn slope is located at 36°25′37″ North and 6°18′40″ East Fig. 1. His 
elevation varies from 610 to 686. Based on the in situ observations and the geological 
investigations, the slope has a gradient of 10-20°, with cracks and deformations 
appeared in the middle and crest of the slope, and concentrated in the shallow layer. 
For this reasons, specialists concluded that this slope had high potential to fail in the 
next rain season and endanger the water transfer pipeline on the middle of slope and 
break the 79 highway circulation related Constantine and Mila provinces. 
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Fig. 1 : Ain-Tinn slope localization 

The geological formations essentially include a set of carbonate and bedrock of 
Cretaceous age of the secondary Ere to Eocene age of the Paleogene period of the 
tertiary Ere. In surface, a discordant coverage which consists of Mio-Pliocene and 
Quaternary continental deposits obtained by combination between the stratigraphic 
simplification scale of Parriaux géological cards and the works of Athmania and al 
(Athmania et al., 2010). 
 

These Mio-Pliocene formations cover the major part of Mila’s basin. They are 
mainly represented by detritus deposits (conglomerates, gravel, sand, clays, evaporate 
deposits (gypsum, anhydrite and rock salt) and lagoon lime stones (Athmania et al., 
2010). 
 

Tab. 1 : Slope mechanical parameters (LNHC-Batna, 2016) 

Layer Weight 
(kN/m3) 

Initial 
cohesion 

(kPa) 

Friction 
angle 

(degree) 

Tension 
(kPa) 

Bulk 
(GPa) 

Shear 
(GPa) 

Soil 20.0 20 12 5 2.80 0.80 

Rock 21.7 100 40 50 25 15 

 
Geotechnical parameters of the slope site in Tab. 1, were obtained from 

numerous analyses report carried out during the geotechnical investigations of LNHC 
(Laboratoire National de l’Habitat et de la Construction) and derived from in-situ and 
laboratory tests. The geotechnical report indicate the existence of a uniform gradient of 
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the cohesion with the depth which begin from 20 kPa at surface with a gradient equal to 
1 kPa/m. During the Standard Penetration Test (SPT), the refusal was reached at 20 
meters depth (LNHC-Batna, 2016). So the interface between soil and bedrock is 
considered as parallel to the ground surface of the slope and having constant depth of 
20 m. 

 
4. SRM APPROACH AND MOHR COULOMB FAILURE CRITERION 

The soil mechanics definition of the safety factor is the ratio of the available 
shear strength to the minimum shear strength needed for equilibrium. In other terms, it 
is a ratio of the availability to the need, considering the shear strength of soil. 

In this paper the strength reduction method (SRM) founded in Mohr-Coulomb 
failure criterion as described in (Shen et al., 2012) work is used to obtain the factor of 
safety. The finite element or finite difference methods use a different criterion of failure 
which gives a more real simulation of soil behavior and deformation at first and second 
to consider the effects of deformation development in soil massif characteristics. The 
shear strength of soil which needed for design is given as: 

 
𝜏𝑓 = 𝑐 + 𝜎𝑛𝑡𝑎𝑛𝜑         (1) 

 
Where 𝜏𝑓 is the shear strength of the soil, 𝜎𝑛 is the applied normal stress,  𝑐 and 

𝜑 are the strength parameters of the soil (cohesion and internal friction respectively). 

The reduced shear strength 𝜏𝑚 along the failure surface is expressed as follows: 
 
𝜏𝑚 = 𝜏𝑓 𝑓⁄           (2) 

𝜏𝑓 = 𝑐 𝑓⁄ + (𝜎𝑛𝑡𝑎𝑛𝜑) 𝑓⁄         (3) 

 
The value of f is adjusted until the slope fails, where the ultimate f is the factor of 

safety obtained by 1e-5 value of maximum unbalanced force ratio (ITASCA 2003, 
2003). 

 
5. 2D NUMERICAL MODELING AND ANALYSIS 
5.1. 2D modeling  

In order to simplify simulations and have quick results by choosing the most 
vulnerable cross sections, witch requires certain conditions to be applicable (symmetry 
and homogeneity). In 2D numerical simulation only the safety factor and the potential 
failure line for some particular cross section which is selected in advance can be 
obtained (Shen et al., 2012). 

The Digital Elevation Model (DEM) shown in Fig. 2 is obtained from the 
topographic data in site of slope, then a treatment of a 5mx5m grid mapping is done 
using a treatment process to model the topography of slope in its 3D shape. This 
process also allows to choose the cross sections in any position, and to install a non 
uniform distribution of the characteristics according to the depth (i.e the cohesion). 
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Fig. 2 : DEM of Ain-Tinn slope with cross section demonstration 

 
The three cross sections which are subjected to this analysis are located in 

middle (P2: Cross-Section-02), west (P1: Cross-Section-01) and east (P3: Cross-
Section-03) as shown in Fig. 2. Natural slopes and 2D grid geometry are shown in Fig. 
3, Fig. 4 and Fig. 5 respectively. 

 

 
Fig. 3 : 2D geometry (cross-section-01) 

 

 
Fig. 4 : 2D geometry (cross-section-02) 
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Fig. 5 : 2D geometry (cross-section-03) 

 

5.2. Results of 2D simulations 
Tab.  2 show the safety factors in each cross section, the first cross section 

located in the west of the slope present the weakest factor of safety, on this purpose 
we should note that these factors of safety are less accuracy than the factor obtaining 
by the 3D numerical simulation because of the plane-strain hypothesis in this 2D 
simulation. The average value is obtained by weighting the safety factors by the 
surface of the respective soil masses in displacement (Chowdhury, 2010). 

 
 

Tab. 2 : Safety factor ofthe three cross sections 

Cross section 01 02 03 Weighted Average 

Safety Factor 1.08 1.10 1.12 1.10 

 
 
These values are still low, which requires further investigation in 3D numerical 

analysis to appreciate the global stability of the massif and in order to obtain more 
realistic safety factor values. 
5.3. 2D Graphical results 

Fig. 6, Fig. 7 and Fig. 8 shows the critical slip surface of the different cross 
sections drawing effectively by the contour of the shear strain increment with a 1e-5 
ratio of maximum unbalanced force (ITASCA 2003, 2003). 

 

 
Fig. 6 : Critical slip surface of cross section 01 

 

 
Fig. 7 : Critical slip surface of cross section 02 
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Fig. 8 : Critical slip surface of cross section 03 

 

It is easy to remark the existence of different form and scale of the critical slip 
surface. These figures also show the existence of a shear plane close to the soil-
bedrock interface. The parallel shape of the sliding surfaces with the natural surface 
also means that the landslide of Ain-Tinn slope is a translational landslide. 

 
6. 3D NUMERICAL MODELING AND ANALYSIS 
6.1. 3D Modeling  

For complex and heterogeneous slopes, 2D stability analysis is inappropriate 
and leads to an underestimate of the safety factors with inaccurate results (Shen et al., 
2012). Ain-Tinn slope is a heterogeneous slope because of the complex topography 
and morphology of the site. 3D numerical analysis was carried out for more accuracy 
results but it will be take a significant resolution time because of the high number of 
nodes and zones comparing with the 2D model. A treatment of a 5mx5m grid mapping 
is done using a treatment process to model the topography of slope in its 3D shape. 
This process also offers the same possibilities as the one developed in 2D. 

 
Fig. 9 : 3D numerical model of Ain-Tinn slope. 

 
The 3D model in finite difference is constructed by assembling a wedge element 

of 5mx5m matrix in (x, y) direction and variable in z direction as shown in Fig. 9 to 
obtain 160.720 zones and 87.150 nodes as numerical size of the 3D model, divided in 
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two layers. The first denser mesh layer is the soil of 20 m thick, the second is the 
bedrock with less mesh density. 

 
6.2. 3D numerical result simulation  

The 3D safety factor calculated using FLAC3D strength reduction method is 
equal to 1.14, which is higher by 5.5% than the minimum 2D safety factor (i.e. 1.08), 
higher by 3.6% than the average 2D weighted factor of safety (i.e. 1.10). After the 
shear strength has been reduced by a coefficient of 1.14, the displacements in x, y and 
z directions and the slope state are shown Fig. 10, Fig. 11 and Fig. 12.  
 
 

 
Fig. 10 : 3D xdisplacement simulation results 

 
Fig. 11 : 3D ydisplacement simulation results 
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Fig. 12 : 3D zdisplacement simulation results 

 

The major displacements on Y direction are concentrated in the eastern side of 
slope (represented by cross section 3). The major displacements on x direction are 
concentrated in the eastern side of slope (represented by cross section 3). 
 
7. PARAMETRIC STUDY 

In order to study the effect of the cohesion gradient on the value of the safety 
factor, a 2D parametric study was performed both in 2D and 3D Fig. 13 and Fig. 14 
respectively. As expected, in 2D investigation, the parametric study, shows that the 
safety factor varies from 0.96-0.99 to 1.3-1.37 depending on whether the cohesion 
gradient varies from 0.5 to 2 kPa/m depth. In the same time, in 3D investigation, the 
results show also the same trend and the safety factor varies from 1,01 to 1.39. 

 
Fig. 13 : Effect of the gradient of cohesion on the 2D Factor of Safety 

 



The 2018 World Congress on 
Advances in Civil, Environmental, & Materials Research (ACEM18) 
Songdo Convensia, Incheon, Korea, August 27 - 31, 2018

 

 
Fig. 14 : Effect of the gradient of cohesion on the 3D Factor of Safety 

 
These results shows the sensitivity of the safety factor to the variation of gradient 

of cohesion, which is not always known correctly. This affects the appropriate choice of 
the resistance parameters to be taken into account in order to more realistically 
estimate the safety factor. The calculation times remain nevertheless very penalizing in 
3D simulations. 

 
8. CONCLUSION 

In this paper, 2D and 3D numerical simulation of Ain-Tinn slope stability sliding 
susceptibility which shall contain a buried pipeline of water transfer was carried out. 
The potential of stability is appreciate in terms of safety factor and displacements field. 
The simulations in short term (undrained conditions) were carried out using the finite 
difference code FLAC and FLAC3D. This investigate study is beginning by preparing 
the 2D in plane strain model and 3D model (global stability). 

The application to the case of Ain-Tinn gives very weak safety factors under 
natural conditions. These same safety factors would be revised downwards in the case 
of rapid saturation of the massif (natural saturation due to high rainfall or an accidental 
break of the water pipeline for example). The results of the 3D simulations show that 
the maximum displacements are concentrated in the middle of the slope, so the risk is 
all the greater as the buried pipe is close to the middle of the natural slope. In anyway, 
these results are comforted by the 2D simulations also. 

This study allowed us to confirm that the safety factors calculated using 2D 
methods are more conservative than those estimated using the 3D model, more 
realistic and taking into account the overall slope of the massif with all its topography. 

Moreover, a poorly justified choice of any cross-section can lead us to make 
decisions that are too hasty and risky, as is the case with the cross-section 01 if it had 
been taken alone as reference to estimate the stability of the slope of Ain-Tinn. 3D 
slope stability analysis can be used to achieve more realistic design and be a good 
decision-making tool to provide the best solutions to more effectively stabilize the 
expected high displacements such during this study. 

Finally, to study the effect of the gradient of the cohesion, a parametric study is 
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carried out in 2D and in 3D by using a program developed by language FISH of Code 
FLAC3D, it allows us to initialize the cohesion according to the depth. the results of this 
study showed that this parameter has a very important effect on safety factors. 
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