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PROTECTING THE CLIFF EL BIAR
-Algiers CentreMrs. Djezzar Lamia Nawel 1
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-

INTRODUCTION :

At the request of the Directorate of Public Works of the Wilaya of Algiers, the Central Laboratory of Public Works
dispatched, dated 26 October 2010, a team of experts to examine the state of the cliff St Raphael (opposite the
Djenane El Mithak residence) and to propose, as a first step, a protective solution of the highway against possible falls
of sandstone blocks.
-

INVENTORY :

The facing of the cliff shows a geological formation alternating sandstone past, sometimes frankly consolidated and
past sandy, very brittle. This cliff has seen the posting of several blocks forming part of a rocky outcrop totally
destabilized and dislocated across the face of the cliff. Other blocks of varying size, a part of their support collapsed or
washed out, are precariously and threatening public roads at any time.
Furthermore several cracks and joints multidirectional are noticeable across the face of the cliff, some, vertical extend
full height with openings reaching ten centimeters (10 cm).
The facings of the cliff covered with rubble masonry cracks also exhibit important and are totally bare in places.
The top of the cliff and the ledge of the southern part are heavily wooded, tree roots have grown along cracks and sand
banks making them more vulnerable to dislocation.
The nature of the damage observed both on the cliff on the immediate environment allows us to draw the following
probable deterioration factors:
The overall movement that knows Thelemly area on the heights of Algiers.
The morphology of the cliff with a steep face of 15.00 to 20.00 meters.
Geological formations in place A mix of hard sandstone benches and sand banks very friable marl resting
directly on bedrock along a South-North dip.
The development of tree roots in the cliff causing and / or exacerbating the development of cracks.
Water infiltration through cracks with transport of fine particles of sand banks.
The buildings at the top of the cliff forming an overload.
Given the magnitude of the overall movement that knows Thelemly area on the heights of Algiers, the Central
Laboratory of Public Works recommended preventive:
The advanced state of degradation of the cliff and the precarious balance of some blocks may constitute risk of
imminent collapses and threaten public roads especially at the corner of Boulevard Bougara El Biar.
For this, the Central Laboratory of Public Works recommended as an emergency measure :
the establishment of a security perimeter at the foot of the cliff as wide as possible (minimum 2 to 3 m):
Clogging of all cracks appeared at the floor.
Proper backfill the trench open at the foot of the cliff and sealing a flexible coating asphalt concrete to prevent seepage
of surface water
-

Removing blocks precariously:

This work, very delicate, consist in dismantling the blocks precariously in small pieces and must be performed by a
specialist with specific ways that generate minimal vibration.
The work may have implications for the stability of structures and buildings made at the top of the cliff.
Given the height of the slope (about 15 to 20 m) of its inaccessibility and danger, the work must
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be done with a basket or tray installed at the end of a mobile crane boom it will be located outside the defined
perimeter security.
Protection of the cliff:

The protection of the cliff will aim to retain the falling blocks and avoid accidents that may result. It consists of the
establishment of a double membrane protection cliff wire mesh and whose tensile strength per linear meter to be at
least 5000 Newtons corresponding to the block size of 0.20 cubic meter. This membrane will be anchored at the ledge
at the top and the wall of the cliff using rods of 2.50 m and reinforced by a series of flexible steel cables strung to
nailing points.
-

CONCLUSION

Protecting proposal described above can not be in any case considered a stabilizing solution of the cliff, it will have a
simple role of prevention against accidents due to small rockfalls and medium sizes. It may be ineffective in case of
important movements that can cause the detachment of large blocks or entire sections of the cliff. Given the advanced
state of disintegration of the cliff, the company in charge of the cliff protection works must take all safety precautions
to avoid accidents. The study of the stabilization of the cliff will be integrated into the study of the stabilization of the
overall movement of the Thélemly area View Photos site below:

Important multidirectional cracks extending the full height of the cliff.

Open excavation at the foot of evil backfilled slope and uncoated (infiltration of surface water)
References: Report of Expertise for the protection of the cliff of El Biar, H. TAIBI. LCTP of Algiers (2010), Djezzar_ Lamia
Nawel _ RSS2016 .doc
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Quantitative assessment of rockfall impact frequency
Jean-Pierre ROSSETTI1, Didier HANTZ2, Quentin VENTROUX3, Frédéric BERGER4
Keywords: rockfall, hazard, impact frequency
The rockfall impact frequency on a slope under a rock cliff results from the failure (or release) frequency of rockfalls
in the cliff and of the probability of propagation of the blocks from the release point to the considered point. The
failure frequency is usually assessed in a qualitative way by expert judgement, but the propagation probability may be
estimated either by expert judgement or quantitatively by numerical methods (simulation of the block trajectories or
energetic methods based on a propagation angle). It ensues that the impact frequency assessment is usually qualitative
and then subjective. A new approach is proposed, based on the volumetric retreat rate of the cliff, the distribution of
the block volumes and the simulation of the block trajectories. The method has been applied to the Mont Saint Eynard
cliff, located in the Grenoble urban area. This 250 m high cliff is made of bedded limestone of Upper Oxfordian stage.
1

VOLUMETRIC RETREAT RATE OF THE CLIFF

The volumetric retreat rate of a cliff can be estimated by integrating the volume-frequency relation for the rockfalls
occurring yearly in the cliff (Hantz et al., 2003). The volume-frequency relation can be obtained either from the
photogrammetric or TLS (Terrestrial Laser Scanner) survey of the cliff during some years (e.g. Guerin et al., 2014), or
using a classification of the rock cliffs based on their geological, geomorphological and climatic context (D'Amato et
al., 2015). It is described by a power law with a scaling exponent (B) varying from 0.4 (for massive rocks) to 0.8 (for
bedded sedimentary rocks):
F = A V-B

(1)

Where F is the frequency of rockfalls bigger than V and A the frequency of rockfalls bigger than 1 m3. For the
integration, a maximal possible rockfall volume V max must be fixed, which can be bigger than the maximal observed
volume. The volumetric retreat rate is:
W = Vmax(1-B) A/(1-B)

(2)

If one assumes that the power law is valid for the whole volume range, even the smallest volumes (which have not
been observed) can be taken into account.
2

DISTRIBUTION OF THE BLOCK VOLUMES

The distribution of the volumes of the blocks released when a rock compartment falls from a rock cliff has been rarely
analyzed (e.g. Couture, 1998). It can be obtained by measuring the volumes of the blocks deposited during a recent
rockfall. Hantz et al. (2014, 2016) and Ruiz et al. (2015) have shown that it is well fitted by a power law with a scaling
exponent (b) varying from 0.6 to 1.3:
n = a v-b

(3)

Where n is the number of blocks with volume bigger than v and a is the number of blocks bigger than 1 m3. Assuming
this scaling exponent depends only on the rock mass structure, the value obtained from a single rockfall can be
considered representative of the whole homogenous cliff and Equation (3) represents also the volume distribution of
all the blocks falling yearly from the cliff. The volumetric retreat rate (W) can then be derived by integrating the
volume in Equation (3):
W = vmax(1-b) ay/(1-b)
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Where ay is the number of blocks bigger than 1 m3 falling yearly from the cliff and vmax is the maximal possible
volume of a block. It has to be estimated from the observation of the rock cliff. Knowing W, v max and b, ay can be
derived from Equation (4). Hence the distribution of the volumes of the blocks which fall yearly is known.
3

SIMULATION OF THE BLOCK TRAJECTORIES

From the distribution obtained above, the trajectories of all the blocks which fall during a chosen time length can be
simulated to determine the impact frequency on each pixel of the slope (Figure 1). Figure 1 shows the trajectories of
the blocks falling during 1000 years from the Mont Saint Eynard, which overhangs a part of the Grenoble urban area
(Hantz et al., 2016). A probabilistic modelling has been used with the software Rockyfor3D (Dorren, 2015). The
length of the simulated period has been chosen so that a sufficient number of blocks start from each pixel of the DEM.
The contour lines corresponding to different impact frequencies can then be drawn, as shown in Figure 2.

Figure 1: Trajectories of the blocks bigger than 1 m3 falling during a
period of 1000 years (simulated with Rockyfor3D).

Figure 2: Blue: Contour lines for different impact frequencies. Red:
Limit between high and medium hazard from the existing hazard maps
of two municipalities (limit in dashed line).

CONCLUSION
Quantitative assessment of rockfall impact frequency becomes possible, but more rockfall inventories are needed, as
well as more analyses of the block volume distribution. It makes it possible to quantify the natural risk, and the
residual risk after mitigation measures have been taken.
Acknowledgements. The authors thank the Federation VOR for fundings.
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Hybrid uncertainty propagation for rockfall assessment: considering imperfect expert
knowledge in numerical modelling
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Natural phenomena in mountains, such as rockfalls, put people and assets such as transport infrastructures and
critcial networks at risk. This risk is classically assessed as a combination of hazard and vulnerability, where hazard
relates to the intensity and frequency of phenomena, whereas vulnerability concerns damages and values assessment
(of elements at risk) and can be seen as a combination of exposure and potential losses. Combining all types of
information, taking into account the reliability of the sources, evaluating and propagating the quality of information is
needed for natural risk management. This article deals with propagation methods to design a rockfall protective
structure using a three-dimensional rockfall trajectory simulation model.
1

INFORMATION IMPERFECTION IN ROCKFALL HAZARD NUMERICAL MODELLING

At a local scale (Tacnet et al., 2012), numerical simulations and uncertainty propagation are essential tools to
assess hazard and evaluate the functional effectiveness of protective works such as checkdams, dikes, rockfall nets or
embankments (Figure 1). They are (e.g.) used to model boulders trajectories and to assess the height at the above
protective barrier fences or embankments. Input data often come from expert assessment and appear frequently as
imprecise, uncertain. In our context, information imperfection relates to rock volume, initial fall height and location
which correspond to both aleatory and epistemic uncertainty. They are indeed naturally variable and post-event studies
do not allow to get sufficiently precise measures to estimate a relevant statistical sample, and thus deeply rely on
expert assessments usually expressed as raw intervals. Specific methodologies have to be developped to propagate this
information imperfection in rockfall trajectography modeling software RockyFor3D
Figure 1: Rcokfall hazard assessment and trajectography principles (Dupouy et al., 2015)

2

HYBRID UNCERTAINTY PROPAGATION

The probabilistic Monte-Carlo analysis, and the so-called "Hybrid", joint probability and possibility propagation
approach are compared. The known uncertainty concerning the input variables is propagated through the model,
assessing the uncertainty of the output variables. The "Hybrid" uncertainty propagation method generalizes, under
some restrictive conditions, the usual Monte Carlo method, by representing and propagating both stochastic and
epistemic uncertainty. This approach relies on probability, possibility and belief function theories, which are
convenient frameworks to represent imprecise, possibly random scalar variables, by encoding sets of probability
1
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measures rather than one. The results consist in probability upper and lower bounds for each of criterion of interest.
(Figure 2) and are applied to both thematic and spatial input data of the model (volume, Digital Elevation Model etc.)
Figure 2: Structural properties analysis principle (left) (Tacnet et al., 2014a) – Example of simulation results (Dupouy et al., 2015) (right)

CONCLUSION
Hazard assessment is the very first and essential step of the risk analysis process. Due to the expert knowledge
characteristics, a major issue is to consider information quality more faithfully in the global hazard assessment
process. The Hybrid uncertainty propagation method is applied to rockfall hazard assessment and compared to
classical Monte-Carlo probabilistic approach. Those methods should be integrated systematically in the hazard, risk
zoning and management processes to represent and trace the influence of information imperfection (Tacnet et al.,
2014b). At a local scale, such results can be derived in to constraints to be used in network structural properties
analysis to evaluate indirect vulnerability of roads netwks exposed to rockfalls (Tacnet et al., 2016). They complement
regional approaches such as energy lines approaches (Figure 2) which can be used to identify hot spots before
focusing on critical areas and using 3D modeling approaches (Tacnet et al., 2012).
Acknowledgements: These developments (under progress) are partially funded by the DGA (ModTer Project) French
and the National Program C2ROP.
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Study of the stability of the superficial tunnels
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The problem of stability of underground structures has been the subject of many studies, both theoretical and
experimental. This problem (of instability) increases in the land surrounding the excavated area in granular media
before putting the support in place, particularly in the case of shallow tunnels (near surface). In this work we carried
out the digging of deep tunnels by applying the finite element method for the estimation of settlements either on the
surface or at the coalface.
1

MEASUREMENT OF HORIZONTAL DISPLACEMENT AND SETTLEMENTS

A two-dimensional modeling longitudinal section was made to estimate the horizontal displacements at the coalface
and settlements of the surface for two types of soil (cohesive soils (clay) and granular soils (sand)), accompanied by a
study of the variation of these displacements according to the ratio Cover/Diameter of the tunnel (C / D). For this
purpose, we used a program based on the finite element method, incorporating the Mohr-Coulomb criteria, with the
possibility of taking into account several materials at once. It is based on the finite element method, using
isoparametric quadratic planar eight knots.
1. 1

Horizontal displacements at the coalface

Was varied the ratio of coverage of the tunnel "C" and diameter "D" (of 1 to 5) and the overload and observed the
variation of horizontal displacements at the coalface (Figure 1).
horizontal displacement versus load
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Figure 1: Variation of horizontal displacements as a function of (a) the load (b) the ratio C/D
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Figure 1a shows 40
the development
of horizontal
displacements
depending on the variation of the overload. It may be
noted that the horizontal displacement increases with increase of the load, and that the displacement of the sand is
load (kN)
greater than the clay whatever the load.
Its value is of the order of a few millimeters.
Figure 1b shows the variation of horizontal displacement based on the C / D ratio. Up to a value of 2.5 of C/D ratio,
no variation of displacement was recorded.
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1. 2

Vertical displacements at the surface

The ratio of the cover of the tunnel "C" and diameter "D" was varied from 1 to 5 and the overload and changes in
settlements at the surface were observed (Figure 2).
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Figure 2: Variation of the settlement at the surface as a function of (a) the load (b) the ratio C/D
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Figure 2a shows the variation of the settlements as a function of the variation of the overload. It may be noted that the
load
vertical displacement increases with
the(kN)
increase of the load, and that the sand has the same displacement as that of the
clay whatever the load. Its value is of the order of a few centimeters.
Figure 2b illustrates the variation of the settlement according to the ratio C/D, where the variation of the displacement
is proportional with the ratio C/D.
CONCLUSIONS
From this study we deduce the following:
 Settlements (vertical displacements) at the surface for granular soils (sand) are greater than those for clayey soils ,
and they increase in proportion with the relative depth of the tunnel and its diameter.
 Horizontal displacements of the coalface for the non-cohesive soils (sand) are more significant than those for the
cohesive soils (clay) and they increase proportionally with the ratio cover of the tunnel / diameter, when this ratio
exceeds 2.5.
 Settlements are of the order of several centimeters; however the horizontal displacements are of the order of a few
millimeters.
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Numerical modeling of reinforcement of soil by rigid vertical inclusions
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Abstract:
The reinforcement of the compressible soils by rigid vertical inclusions is a technique that aims the reduction and the
homogenization of settlings at the surface of the reinforced massif.
In this communication, one is interested in the understanding of the behavior of this type of works, while putting the
accent on the influence of the different mechanical and dimensional parameters on the efficiency of this type of
reinforcement concerning reduction of settlings. A numerical modeling of a real case will be presented while using a
calculation by the finite elements method implemented in the code of calculation Plaxis. This study put in evidence
that the increase of the module of Young and the diameter and the length of the inclusions generates a reduction of
settlings and vice-versa, on the other hand more the spacing between the inclusions is weak more settling is reduced
and vice-versa.
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Stability of road embankment in shale massifs: application to earthworks
in progress in Tishka massif (National road R9 Marrakech-Ourzazete, Morocco)
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1

INTRODUCTION

The road works realized in the slaty massifs often suffer numerous instabilities connected to dense fracturing of the
networks which characterize this geological formation. The realization of these works requires a thorough knowledge
of these discontinuities to be able to develop the adequate geotechnical model allowing to master the calculation of
road banks stability. The objective of the present communication is to present a case study of calculation of the
stability of banks in progress in the slaty massif of Tichka at the Moroccan high Atlas thanks to refitting of the
national road R9 connecting Marrakesh to Ourzazete. The section concerned by this study is situated between the PK
408 and PK 418. We began with a geotechnical recognition of the site at the level of the PK 418: type of slaty,
network rock of fractures and discontinuities, etc. We made soundings for the geotechnical and we had determined
the physical and mechanical characteristics of rocks. We discuss the preliminary results(profits) of this work within
the framework of this communication.

2

STABILITY OF THE BANK BETWEEN THE PK 408 AND PK 418 OF THE ROAD R9 MARRAKECHOURZAZETE

Several transverse geological cups of the bank were
realized between the PK 408 and PK 418. They show
that the geological formation can be subdivided into
greenish altered schists at the summit, schists with
benches of stoneware in the intermediate part and
pelitic schists hardened at the base. The pendage of
the geological plans of stratification and the schistosity
is in the same direction as that of the topographic
slope (Figure 1). This constitutes an unfavorable
situation and stresses the detachment of layers and
their sliding towards the road. Land surveys allowed to
characterize the network of fractures and discontinuities.
Their projection on the Wulf pattern reveal two
conjugated families of direction: N70 and N130.

Figure 1: Example of landslide arisen in the PH 418, route R9
Marrakech-Ourzazete

Several mechanical soundings were realized in the studied area. They allowed to refine the geological and
geotechnical sections and also to supply samples for the laboratory tests. The latter supplied us the physical and
mechanical parameters of geological formations at various depths. The geotechnical model considered for the
calculation of stability of the bank was so developed. We tested three methods of calculation of stability: approach in
continuous environment, in intermittent middle and in continuous middle after homogenization. The objective is to
compared the results stemming from three approaches and to choose that it more coherent with the ground data.
calculations show that the slope is not stable under certain sections. solutions have been proposed to prevent slippage
1
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of the layers. So, we propose a ggeometrical modification of the bank in some area and to stabilize the bank by nailing
in a others areas.
CONCLUSION
Profile assuring the stability of the ground in the studied area were defined. A plan of drainage of surface water was
also traced to avoid any infiltration which would favor a bench on bench sliding.
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Mapping of landslide risk along highways in eastern Morocco
Mohammed SAHLI 1, Abdelkrim DERRADJI 2, Lionel LORIER 1, Pierre BREUL3
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This work is done in the framework of a scientific partnership between ADM (Autoroutes du Maroc) and the
University Blaise Pascal (Polytech Clermont-Ferrand) with the effective collaboration of the ADRGT (Association
pour le Développement des Recherches sur les Glissements de Terrain). The research program deals with
understanding the phenomena of landslides in clayey rock along the highway A2 between Fez and Taza. Our paper
presents a new method of hazard zoning for highway excavations and embankments along this route, on a total length
of 104 km.
1

METHODOLOGY

1.1

Geology and Geotechnique

The motorway route of the A2 takes place in a complex geological setting related to the tectonic history of this part of
Morocco. It concerns mostly autochthonous formations of the Atlas area consisting of paleozoic and secondary folded
layers, covered by tertiary sediments (near-horizontal marls). On the last two sections before Taza, the route crosses
the highly tectonized front of the pre-Rif nappe overthrusting towards the South.
The following formations are pointed out:
o Surface deposits: coarse silty alluvium, generally intersected over a few meters thick on deep wadi valleys
with occurrence of terraces. These materials can be interbedded with sand lenses. On the plateaus,
compact conglomerate and alluvial levels are often observed, with thickness between 5 and 20 meters.
These deposits generally date from the Quaternary but also from the Miocene.
o Autochthonous formations (Upper Miocene): they are mainly consisting of blue marl with levels of
conglomerates and sandy limestones. The near-horizontal layers are cut on a large part of the highway and
may be very thick (100-400 meters). These marls are weathered from the surface on varying thicknesses
(1 meter up to 10-20 meters) and are easily distinguished by their yellow color; their plasticity index
appears significantly higher.
o Allochthonous formations in the region of Taza: these layers are linked to overthrusting that gives them a
more complex stratigraphy. They correspond to successions of marl and sandstone levels of light beige to
white color; they may date from the Oligocene and Eocene. Some marly levels may contain characteristic
flints.
From a geotechnical perspective, the definition of nature and properties of the excavated rock is consistent with
the classification of the ADM methodology guide (see reference), ie mainly here:
o Class 1: surface soils and weathered levels with low cohesion. These granular or poorly cohesive soils
have a uniaxial compressive strength lower than 0.6 MPa
o Class 2: indurated soils and relatively homogenous soft rock. They belong to the category of HSSR (Hard
Soils - Soft Rocks) whose mechanical characteristics are between those of soil and rock. This is the
typical case of marls
Class 3 (rocky formations with a heterogeneous structure related to the weathering process or to the presence of
interbedded clay levels and / or highly fractured zones) and Class 4 (massive rock poorly weathered) are not
encountered in the study area.
1.2

Criteria adopted for the zoning of "landslide" hazard

The zoning work is presented in form of detailed tables giving for each direction of the highway and each section:
1) its length and situation ;
2) ADM references;
3) characteristics of the transversal profile (type: excavation, embankment, concrete work…),
height or thickness, slope angle …;
4) geotechnical class of the rock ;
5) nature of previous work carried out in the area;
6) comments on the nature of the disorders and behavior of the works;
7) the nature of the likely hazard, shown by a green, yellow, orange or red color for each type of landslides likely
to occur in the area (G1 to G4, see Table 1 and Figure1).
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Table 1: Classification of movements as a function of their depth

Figure 1 . Geometrical definition of landslides
H: height of the slope
L: length of extension of the moving area
v: speed of movement;
h: height of the slide
e: thickness of the slide or depth of the sliding surface(at L/2)

2

Category

Landslide type

Depth « e » of the
sliding surface

G1

Superficial

0-2m

G2

Shallow

2 - 10 m

G3

Thick

10 - 30 m

G4

Very thick

> 30 m

GRAPHIC PRESENTATION OF RESULTS

Besides giving the results as a summary table for each section, a graphic expression is also given with an extract of the
topographic or geological map (when existing) and a Google Earth picture (see example on Figure 2). The hazard is
represented in the table as in the chart with a different color depending on its importance (G1 to G4).

Figure 2: Graphical presentation of landslide hazards for the Bir Tamtam – Tahla section

CONCLUSION
The overall analysis has established statistical summaries for all sections between Fes and Taza. Thus, for each section
a comprehensive analysis of hazards by sliding type (from superficial to very thick) may be obtained. Charts and
tables consultation allows us to identify priority areas for survey, monitoring and reinforcement work.
REFERENCES
This work is based on ADM documents, particularly the ”Guide Méthodologique : Stabilité des pentes pour les grands
aménagements linéaires”, Rabat, 2014), realized in partnership ADM-Polytech-ADRGT.
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Soil compaction at very low moisture content
Btissam TOUBANE 1, Abdelkarim DERRADJI 2, Azzouz KCHIKCH 3
Keywords: compaction, arid area, low moisture content, embankment, highway construction, borrowing
Objectives of compaction are achieved when we get an optimal density of the soil. This requires input large quantities
of water. View current environmental conditions, the ideal would be to find a new method to achieve ecological
compaction. Dry compaction is a response to this demand, promoting the reuse of materials in their state of moisture,
dry or very dry, which causes cuttings. On the highway Skhour Rhamna-Marrakesh in Morocco, experience of dry
compaction was realized on a large scale, tested on platform before passing to execution.
1
1.1

STUDY AREA
Geological and geotechnical aspect

The highway Skhour Rhamna - Marrakech, requires 4 million m3 of local borrowing, and 1.5 millions of water, the
moisture content state is dry or very dry, and the fine fraction is important, formations encountered are composed of
schists and friable micaschist on dry or very dry moisture.
For embankment less than 3m high, we could compact materials at low moisture content by referring to (morel et all,
2002),the experience of ( Cissé, 1982) show that we can compact sand and gravel with a moisture content near 1%
and we could have a very satisfactory dry density. There is others experience that show a good results we could have
a very good results even with compacting with a low moisture content (Mtango, 1979), (Ministry of Equipment and
Transport MOROCCO, 1985), in this project the embankments are higher than 3m, and the technical guide of
embankments realization (LCPC, 1992) gives no indication on the use the materials in arid state so there is no
referential or guide, making it necessary to go through the boards of testing.
2

FIELD TRIALS AND RESULTS

Test strips were carried out by a massive 1.2 m made in 3 layers, so many massive were made with different
thicknesses meshes in order to make the best arrangement of layers. The compacting machine is vibrating cylinder
V5.To determine the behavior of materials, identification tests were performed before and after compaction.
Test strips are based on the principle of increasing compaction energy levels by two passes until the material reaches
the threshold of its maximum compactness. Measurements of bearing capacities were made for each layer and for each
compaction energy. Granulometric studies are made before and after compaction. Also, Bearing capacities are
measured for each layer and each energy of compaction (see table1)
Table 1: monitoring of bearing capacities

Materials
schist
micaschist

6 passes
EV2(Mpa)
K
125
2.6
37
2.3

8 passes
EV2(Mpa)
K
111
3
38
2,37

10 passes
EV2(Mpa)
K
106
3,4
35
2,9

The Measurementes of EV2 for 8 and 10 passes are relatively close ( LPEE,2007) with just a slight lift at 10 passes,
then 8 passes were retained.
The results of granulometric study are resumed in table 2. For schistose materials there was a slight change in the
granulometry of the order of 3% for passers 0.08 mm and 6% at 2 mm sieve.
In the case of micaschists there is an evolution of 7% at passers 0.08mm and 25% for 2mm sieve (LPEE, 2007).
So, after the opening the schistose trenches it is concluded that compacted materials have a tight fit, and the materials
removed from the dry-compacted shale have a good bearing capacity and a slight change of granulometry, in contrast
to mica-schist materials those have a low lift and high granulometry evolution.
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Table 2: Granulometric identifications of schist before and compacting

Materials

schist
micaschist

percentage of passers in 0.08
mm
before
compaction
13
2 to 6

after
compaction
16,4
9 to 13

percentage of passers in 2
mm
before
compaction
29,1
6 to 23

after
compaction
34,7
32 to 42

percentage of passers in 50
mm
before
compaction
65
50 to 68

after
compaction
65,3
75 to 80

For schist materials no special measures must be taken (Manier , 2006) , contrary to the sections containing significant
percentages of fine, it is necessary to use materials with a sufficient skeleton, forming a framework of the
embankment to limit the influence of the fine.
CONCLUSION
From the results of the experiment it appears that compaction of schistose embankments without added water may be
a perfectly acceptable construction technique for use in this part of Morocco. However the satisfactory performance of
these trial sections only proves that dry compaction is effective under the particular conditions of the experiment and
further investigations are required.
It is a first implementation of highway embankment, high rise, higher than 3m, with materials with a dry or very dry,
this is the reason why the project is followed from near and the following the seasons, in order to identify rather the
local damage such as cracks, which promotes the penetration of water, a default of bearing or erosion of slope. This
monitoring is accompanied by a potential treatment, by preventive measures, crack bridging and such as recovery of
concrete slope protection. The experience on the highway Marrakech-Settat is very encouraging, indeed the
monitoring conducted to identify any local changes that may appear after exploitation shows that these embankments
have good behaviour and it encourages continued research in this subject. This experience helped to save the
environment from an intense local disfiguration for landscape, to preserve the water, which is very rare in the region
and the economy of transport costs of 1.5 million m3 of water. Finally, this experience served as real board testing in
true greatness to popularize the method of dry compaction in favour of the construction of road infrastructure
especially that this technique provides a solution to overcome the scarcity of water resources.
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1

INTRODUCTION

The D15 clearing, on the highway Marrakesh-Agadir, shows a great deal of instabilities. It is situated in approximately
30 km in the northeast of Agadir city at the PK 324. It is about of 2.500.000 m3 and 120 m of height. At this site,
grounds are constituted by an alternation of plastic clayey layers and by bars of stemware-carbonated with a variable
thickness. The latter are intensely broken and lend themselves easily to sliding and collapse. Just after the realization
of the highway, we began in noticed of sign of instability of the bank at D15. These instabilities showed themselves at
the beginning by small sliding and collapse of blocks then afterward by the detachment of a big volume of ground
which represented a severe danger to the traffic and the road. Several works were undertaken to consolidate the
stability of the bank: nailing, walls of gabions, thrown concrete, metallic net with active inking, dynamic barrier, etc.
(Figure 1). All these works certainly allowed to limit dangers which represents the instability of the bank to the law of
D15, but the movement of a big mass of ground in the direction of the road always is to be afraid. It is in this sense
that we led a micro structural and a geophysics study in situ to refine the geologic structure in this area and to dread
better the scale of the movements of grounds.
.
2 STRUCTURAL AND GEOPHYSICS STUDY OF THE INSTABILITIES AT THE D15
The triasic series constituting the bank of D15 is represented by an alternation of layers siltstone and stemware and of
benches of stoneware and limestone. The clayey levels are often altered. stemware bars show a network of fractures:
diaclases, microfaults and faults with metric discharges. A sunrise structural was realized in May 2015. 240 structural
measures were made. Their projection on the Wulf pattern revealed three families of discontinuities: east-west family
corresponding to the plans of stratification, a N140 family sub vertical pendage represented by diaclases and
decrochante faults and the third family N70 with high pendage corresponding to often normal major faults but
sometimes inverse faults. This network of discontinuities bounds blocks very favourable to collapses. The major faults
show important discharges. The fault called D15 is responsible for the big sliding (Figure 1) is a regional inverse fault
which we can easily maped on the ground. A particular interest must be granted to the implanting of the plan of this
fault to dread better the movement of grounds arisen these last months in the south zone of the clearing.
To characterize better the plan of depth break, identify of possible
conductive corridors favoring the sliding and to estimate the mass of the
ground in movement, we realized one profiles of electric tomography in
the central part of the big sliding ((Figure 2). The plan used pole-pole
allowed a good depth of investigation. The length of profiles is of 100m
with a step of sampling of 2m. The inversion of the data with the
RES2D software allowed to establish the model of ground.
The elaborate pseudo-section shows several conductive corridors
interpreted as fault planes and very broken zones. We can easily
distinguish on the pseudo-section two different blocks of resistivities:
the sub-surface part shows high resistivity (superior to 150 .m)
corresponds to the geological formation of stemware carbonated unstuck from the plan of the D15fault and packed further to the
movement of grounds in a siltstone matrix.
________________________________
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Figure 1: Photography showing the plan of the D15 fault
and measures taken to limit the impact of the instability of
the bank
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The inferior part, beyond 10 is rather conductive. it
constitutes with clay and pelitic favouring the sliding of the
ownerless part. A limit was drawn between both parts
considering electric resistivity’s values. This will allow to
estimate the volume of grounds in movement for the big
sliding of the south zone of the clearing D15, nevertheless
others profile of electric tomography are programmed to
encircle better the geometry of the mass in movement.

CONCLUSION
The sunrise structural of the D15clearing and the
neighbouring areas allowed to arrest better the causes and
the nature of the instabilities affecting the latter. The big
sliding is made according to the plan of the mapped fault
D15. Profiles of electric tomography realized highlighted
the limit between the part of grounds in movement with
high electric resistivity and the siltopelitic base more
conductive. The volume of the mass of grounds in
movement will be estimate after realizing others profiles of
electric tomography.
Figure 2: Model of ground stemming of electric tomography profiles
realized showing the limit of the mass of lands in movement

