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L’aumento della popolazione della città di Mila impone alle autorità competenti di estendere 
il centro abitato, ma l’instabilità dei terreni che caratterizzano la regione comporta la necessità 
di un approfondimento conoscitivo di dettaglio. In particolare, lo studio intende descrivere le 
caratteristiche geotecniche e geofisiche dei terreni di Marechau, area che rappresenta l’estensione 
sud-est della città. Per fornire una valutazione sullo stato dei terreni, scegliere il tipo di edificazione 
adeguato e in generale prendere decisioni ai fini costruttivi, è stato adottato un approccio di tipo 
geotecnico, caratterizzando i terreni mediante carotaggi, test penetrometrici e test di laboratorio. 
Sono state inoltre eseguite indagini geofisiche per determinare la resistività elettrica al fine di 
mappare la profondità del substrato roccioso. E’ stato effettuato anche un dettagliato studio 
idrogeologico, analizzando i dati di precipitazione e i livelli piezometrici del sistema acquifero per 
200 giorni, e determinando la direzione dei deflussi sotterranei. I risultati dei sondaggi a carotaggio 
indicano un suolo argilloso con presenza di massi calcarei. Le prove penetrometriche dinamiche 
mostrano due tipologie di terreno distinte. I test di laboratorio rilevano che i materiali analizzati 
sono argillosi, molto plastici, sovraconsolidati, da medio a molto compressibili con potenziale 
di rigonfiamento da medio ad alto e media aggressività al calcestruzzo. Inoltre, i risultati della 
tomografia hanno evidenziato la presenza di un unico orizzonte stratigrafico (argilla) con massi 
incorporati. Il monitoraggio piezometrico ha individuato due acquiferi: uno superficiale e uno 
profondo in corrispondenza dei quali la ricarica non avviene istantaneamente a seguito di eventi 
di precipitazione e i deflussi sotterranei seguono la direzione del pendio. Tutti i risultati indicano 
che ai fini costruttivi  è necessario valutare con attenzione soluzioni progettuali in relazione 
all’instabilità dei pendii: il quadro conoscitivo, ottenuto mediante la combinazione degli esiti 
sperimentali,  la morfologia del terreno, l’assetto tettonico e gli aspetti sismotettonici, indica che 
l’area presenta un elevato rischio richiedendo necessariamente misure precauzionali rigorose.

The population of Mila is increasing and local authorities are looking for new lands to develop the town 
and provide housing. However, the soil of these lands is unstable and requires detailed studies to serve as a 
foundation. This work presents the geotechnical and the geophysical characteristics of the Marechau soils, which 
forms the southeast extension of the Mila town. To provide an idea about the soil condition, to choose the type 
of adequate constructions and to make decision for building it, we adopted a geotechnical approach, where we 
analysed the soils by carrying out core drilling tests, dynamic penetration tests and the laboratory tests. We also, 
employed the geophysical approach in determining the electrical resistivity so as to map the depth of bedrock 
roof. Furthermore, we conducted a comprehensive hydrogeological study, monitoring precipitation and the 
piezometric level of the aquifer over a period of 200 days, and determined the flow direction. The core drilling 
test results indicate a clayey soil with limestone blocks. The dynamic penetration test show two categories of 
soil. The laboratory tests show that the materials analysed are very plastic, over-consolidated and medium 
to very compressible. They have a medium to high swelling potential and medium amount of aggressiveness to 
concrete. Besides, the tomography results also showed a single layer land (clay) with massive rocks embedded 
in it. The piezometric monitoring reveals the presence of two aquifer systems. The first is superficial and the 
second is deep. They don’t recharge directly after the rain falls and the groundwater flows in the direction of 
the slope. All the results indicate that solutions must be found for soil movements in the area under study before 
urbanization takes place. The combination of these results with the location, land morphology, tectonic activity, 
and seismotectonic aspects suggest that the area presents a high risk, and its urbanization requires rigorous and 
mandatory precautionary measures.
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Fig. 1 - Location of the study area.

Fig. 1 - Ubicazione dell’area di 
studio. 

Introduction
The Neogene Mila basin, to which our study area belongs 

(Marechau), is characterized by Upper-Miocene to Paleocene 
formations and is represented by the dominance of the 
lagoon-marine facies such as detritus deposits (conglomerates, 
gravels, sands, clays, marls, etc.), evaporative deposits 
(gypsum, anhydrites and rock salt, etc.), and lake limestones 
(Coiffait, 1992; Vila, 1980).

These deposits, especially clays, constitute the seat of many 
natural hazards: such as landslides, mass castings, swellings, 
settlements, etc. (Atmania, 2010; Tebbouche et al., 2022; 
Touati, 2019). These hazards result in significant damage 
to both public infrastructure and private properties; they 
distort the surface, disrupt roads, water and gas pipes, lead to 
cracks in buildings and houses etc. (Atmania, 2010; Benfedda 
et al., 2021; Khellaf, 2009; Khellaf et al., 2015; Khellaf & 
Hamimed, 2018 a,b; Labiod, 2009; Mutlutürk & Balcıoglu, 
2015). The best example of this situation is El Kherba 
area, which constitutes the future of Mila town extension 
towards the west side; it’s one of the areas which threatened 
and affected by these land movements and already totally 
damaged (Benfedda et al., 2021; Tebbouche et al., 2022).

According to Azzouz (2015), Chen et al. (2019), Chettah 
(2009), Hadji et al. (2016), Khellaf (2019) and Khellaf & 
Hamimed (2018 c), these land movements are a result of 
heavy precipitation, variations in water content, hydrological 
and hydrogeological aspects, hydrostatic pressure caused by 
seasonal groundwater balances, as well as the influence of 
land slope, mineralogical composition of soil, seismic effects, 
and anthropogenic activities. These conditions impact 
the stability of foundations and lead to structural damage 
(Chanda et al., 2019; Khellaf, 2019; Tebbouche et al., 2022).

We conducted soil analyses of various geotechnical and 
hydrogeophysical parameters in order to comprehend 
phenomenon of their instability, as well as to determine the 
area’s constructability in order to help in the resolution of the 
geological and geotechnical problems and to help find a new 
suitable land for urbanization.

Material and methods
Location of the studied area and its characteristics

The field work showed that the studied area (Marechau) is 
characterized by 100 m thickness of limestone slab fractured 
resting on red clays. Both of these two formations belong 
to the Mio-Pliocene (Coiffait, 1992). This sector forms the 
southern extension of the Mila town to Marechau locality 
(about 7 km). It’s bounded by Ain el Baidha on the north, 
Machta Ain el Kaf on the west, Bab Kassantina mound on 
the south, and Machta Ain Logna on the east (Fig. 1).

This area is in a predominantly hilly region. It’s characterized 
by an average altitude of 500 m, sub-humid climate, little 
vegetal coverage limited at cereal crops with wild grasses and 
average annual precipitation of 588 mm/year (Aine el Bay 
rainfall station 2006).

The fieldwork observations indicate that the Marechau 
region has an irregular morphology marked by bulges, blisters 
etc. Their presence at the slope foot suggests that the region is 
prone to several natural hazards caused by the following factors:
1. The creep and solifluxion of the villafranchian red clays 

below the fractured limestone slab, facilitate the infil-
tration of the rainwater; which leads the saturation and 
crawling of these clays which leave this slab perched;

2. The blocks fall, which is due to the limestone slab 
predisposition, lead to detachment and the collapse of 
pieces and packages towards the north;
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Fig. 2 - Lithostratigraphic column of the Mila basin Neogene deposits (Coiffait, 1992). 
Fig. 2 - Colonna stratigrafica dei depositi del bacino neogenico di Mila 
(Coiffait, 1992).

3. The loose mass sliding (clays and limestone blocks) along 
the slope indicates the presence of several slides limited 
the downstream by bulges.

Characteristics of the Mila region
Geological aspect

The geological works (Coiffait, 1992) carried out in the 
Mila region provided a litho-stratigraphic column, as shown 
below, which includes from bottom to top (Fig. 2):

I. Gray gypsum clays from the Mila river rest on tellian 
substratum. These basic clays are widely exposed around 
Mila town;

II. Conglomerates with little rolled blocks, embedded 
in clay-sandy matrix and thin layer of sandstone 
with limestone cement (Durand-Delga, 1955). These 
conglomerate formations are reddish, 40 to 80 m thick, 
vallesian-lower turolian, are highly developed along of 
the Mila river;

III. Marls which are mostly gray to black, but they can have 
reddish to purplish tints. These levels contain gypsum 
passages;

IV. At the base of this unit, brownish gray marls sometimes 
yellowish brown, sandy, alternating with yellowish 
sandstone beds, and their thickness exceeding 20 m. 
These marls are surmounted by beige to yellowish 
sandstones alternating with clay-sandy layers. At their 
peaks, brown conglomerates with decimetric pebbles 
embedded in sand-pelitic matrix;

V. A series constituted of very hard limestone slab, 50 to 
100 m thick, whitish to reddish hue, and alternating 
with red clay levels.

Geomorphological aspect
The Mila region occupies a vast intermountain depression 

that extends from the Rhumel river to the north (200 m 
above sea level) and the Marechau hill to the south (1100 to 
1200 m above sea level). Moreover, it’s surrounded by very 
rugged reliefs with remarkable topographic contrasts (e.g. 
M’cid Aicha 1462 m above sea level) and the central part 
has low areas (Ouled el Kaïm depression) (Chettah, 2009; 
Khellaf, 2019).

The landscape of this region is characterized by an irregular 
morphology with a slope of 7 to 16%, occasionally exceeding 
25% in certain areas (Chettah, 2009; Labiod, 2009), and 
by an important orographic aspect marked by very rugged 
elevations. These elevations are characterized by low hills 
with an average altitude of 500 meters (plains and valleys 
make up 55%, hills and foothills 30%, and mountains 15%), 
and they are intersected by a rather extensive network of 
rivers (Mebarki, 1984).

Tectonic aspect
Our study location is part of the Mila region, which has 

undergone many tectonic phases. According to Benabbas 
(2006) research, it has four main directional groups into 
which its effects are divided (Fig. 3):
1. The E-W (extensive): most of these accidents have a stall 

kinematics (dextral indentation);
2. The N-S: the majority of these accidents seem to present 

a delay appearance and sometimes are disturbed by other 
directional families, also it present sinisterly sliding 
movements; 

3. The NE-SW: these accidents are well represented on the 
Mila central part and their extension would be regional;

4. The NW-SE: these accidents are visible at escarpments 
levels of limestone and sandstone massifs; its kinematics 
is being often dextral.

Seismicity
Several seismic studies conducted in the eastern Algeria 

show a relatively low to moderate seismic risk (Benfedda et 
al., 2017; Hamidatou & Sbatai, 2015; Maouche et al., 2011). 
Among these studies, we cite the Jijel earthquake 1856 (Harbi 
et al., 2011), Guelma earthquake 1937 (Benouar, 1994), the 
Constantine earthquake 1985 (Bounif et al., 1987), Beni 
Ilmane earthquake 2010 (Beldjoudi et al., 2016) etc. This 
region, in seismotectonic terms, is characterized by a complex 
neotectonic system comprising by an inverse fault and strike 
lateral shift right due to a NE-SW to E-W trending faults 
(Fig. 4) (Abbouda et al., 2019; Maouche et al., 2011), left 
lateral shift due to NW-SE trending faults (Abbes et al., 
2015; Beldjoudi et al., 2016), and even normal faults located 
in Guelma basin (Aoudia et al., 2000). The active faults 
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Fig. 4 - Map of seismotectonic framework for the eastern Algeria (Meghraoui, 1988). The black square:Mila region localization.The black and white circles: focal mechanism 
earthquakes (left to right, are: Mw=5.1, Mw=5.2, Mw=5.2, Ms=5.4, Mw=5.2, Ms=5.7and Mb=4.8) (Ayadi & Bezzeghoud, 2015; Beldjoudi et al., 2016; Bouhadad et 
al.,2010; Bounif et al., 1987).

Fig. 4 - Carta sismotettonica dell’Algeria orientale (Meghraoui, 1988). Rettangolo nero: localizzazione della regione di Mila. Elementi grafici circolari bianchi 
e neri: meccanismi focali dei terremoti (da sinistra a destra: Mw=5.1, Mw=5.2, Mw=5.2, Ms=5.4, Mw=5.2, Ms=5.7e Mb=4.8) (Ayadi & Bezzeghoud, 2015; 
Beldjoudi et al., 2016; Bouhadad et al.,2010; Bounif et al., 1987).

Fig. 3 - Tectonic interpretation map 
of the Mila basin with hydrographic 
network (Benabbas, 2006).

Fig. 3 - Mappa interpretativa 
dell’assetto tettonico del bacino 
di Mila con indicazione della rete 
idrografica (Benabbas, 2006).

have been described by Bouhadad (2008), Harbi et al.(1999), 
Meghraoui (1988), and Vila (1980); their potential has also 
been in the coastal areas such as Jijel, Annaba, and Skikda 
(Fig. 4) (Harbi et al., 2011; Kherroubi, 2009). The most recent  
earthquake affected the Mila region was on July 17th, 2020 
(Mw = 4.6) at 8h12mn and on August 7th, 2020 (Mw = 4.8) 

at 6h16mn and 11h13mn (Mw = 4.4). The last one, despite 
its relatively low magnitude, triggered extensive landslides in 
the centre area, caused huge damage, including the collapse 
of several structures, severe damage to dozens of others, and 
leaving hundreds of people homeless (Fig. 5) (Benfedda et al., 
2021; Tebbouche et al., 2022).



53

Acque Sotterranee - Italian Journal of Groundwater 2023-AS45-630: 49 - 64 DOI 10.7343/as-2023-630

Fig. 5 - Catastrophic state of the Mila region houses after the August 7th, 2020 earthquake (a: Burial of the house with 5-storey, b: Burial of the ground floor and inclination of the rest).

Fig. 5 - Condizione catastrofica delle abitazioni nella regione di Mila dopo il terremoto del 07 agosto 2020 (a: cedimento di un edificio a 5 piani, b: cedimento del 
piano terra di un’abitazione e inclinazione del resto dell’edificio).

Hydrological and hydrogeological aspect
The Mila region belongs to the watershed basin of Kebir-

Rhumel; it’s characterized by heavy precipitation (588 mm). 
For this reason, it has a vast hydrographic network represented 
by the following rivers: Rhumel, El Kebir, El-Maleh and Mila. 
The prevalence of detritic deposits (conglomerates, gravel and 
sand) makes water storage and development of groundwater 
enhancement relatively favorable.

The area is intersected by several rivers which have a 
seasonal flow towards the north. The surface formations 
and the presence of limestone slab, fractured, and covers the 
slope, facilitates the rainwater infiltration to reaching the 
impermeable level (clays), which gives rise of several springs 
located at slab base offering an average flow to 13 L/s (Mebarki 
& Thomas, 1988).

Methods
A geotechnical investigation and soil reconnaissance 

program was conducted from February to March 2014. The 
program  included over 20 core drillings test (S) at depths of 
10 meters using the C400s retract sounding machine, more 
than 50 penetrometers test (P) at depths of 10 meters (with 
Borro B2 type), and a series of the laboratory tests (physico-
mechanical and chemical tests using Triaxial press, frontal 
load Oedometer, Casagrande box etc.) on samples taken from 
various depths of the core borehole. Moreover, from October 
to December (dry season) and January to May (wet season), a 
piezometric monitoring was conducted. Figure 6 shows the 
position of these various investigation tests: the core drillings 
tests (S), the dynamic penetration tests (P), and the geo-
electrical profiles (Ep) in the studied area.

Fig. 6 - Location map of the core drillings 
tests (S), dynamic penetration tests (P) and 
geo-electrical profiles (Ep).

Fig. 6 - Ubicazione dei sondaggi 
a carotaggio (S), delle prove 
penetrometriche (P) e dei profili 
geoelettrici (Ep).
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Fig. 7 - Slope Map of the studied area. The yellow color for the slope < 8%, the green color for the slope 8 to 15%, the blue color for the slope 15 to 20%, the orange color for the 
slope 20 to 35% and the red color for the slope > 35%.

Fig. 7 - Carta delle pendenze dell’area di indagine. In colore giallo la pendenza < 8%, in colore verde la pendenza compresa tra 8 e 15%, in colore blu la pendenza 
tra 15 e 20%, in colore arancio la pendenza tra 20 e 35% in colore rosso la pendenza> 35%.

To determine the different layers succession in studying 
the vertical and the lateral geological formations variability, 
on the basis of their resistivity and thicknesses, more than 
20 multi-electrode profiles (Ep) have been realised using the 
ABMN device (Wenner-Schlumberger type), moving along 
of line allowing for obtaining sections (2D). Each profile is 
made up of 24 electrodes spaced to 5 m apart. The apparent 
resistivity measurements can’t be interpreted directly owing 
to the non-uniqueness of solution in heterogeneous land 
and their dependencies on the electrode configuration used 
(Parker, 1977); to obtain the true resistivity quantitative 
measurement, it’s necessary to carry out a so-called inversion 
procedure. The processing of measurements inversion and 
their interpretation are carried out by high-performance 
software (Res2Dinv) (Loke, 1995). 

In order to obtain the real resistivity of the soil in each 
point of the vertical section cross, the apparent resistivity 
values must be reversed, that is mean, to find a soil model 
(real resistivity) explaining the apparent measured resistivity 
(pseudo-section) to minimize the gap between the calculated 
and the measured pseudo-section for the soil model. This is 
quantified by Root Mean Square (RMS). The inversion process 
is described below: a starting model must be developed from 
the measured apparent resistivity data (A) and subsequently 
a model (C) is also developed either from the measured 
apparent resistivity data (A) or from prior information entered 
by the user. Then, the software (Res2Dinv) calculates the 
response of this model by performing “dummy acquisition”, 

the direct problem (i.e. the apparent resistivity calculation 
from true resistivity) being known (step 1) and thus the 
calculated profile (B) is obtained. Subsequently, the software 
determines the different degree (error) between the measured 
data (A) and the calculated profile (B) according to a certain 
criterion (step 2). The model is then modified to decrease the 
error between (A) and (B) (step 3). The operation must repeat 
iteratively until the error no longer decreases significantly (the 
process converges). Indeed, this model is modified with each 
iteration until the measured and the calculated data reach an 
acceptable match or until no further improvement is possible. 
In this case, the model is approximately close to the reality.

Results and Discussions
Geomorphology of the studied area within Mila region

The studied area is located at the Bab Kssantina mound 
foot. It has an irregular surface. This morphology suggests 
previous land movements that affected the area.

The area is characterized by the north slope. The slope 
map (Fig. 7) shows 5 classes: yellow indicates slopes with a 
gradient of less than 8% covering 26.39%of the studied area; 
green represents slopes with a gradient between 8 and 15% 
covering 23.18% of the area; blue indicates slopes with a 
gradient between 15 and 20% covering 21.70% of the area; 
orange represents slopes with a gradient between 20 and 35% 
covering 26.11% of the area, while red indicates slopes with a 
gradient more than 35% covering 2.63% of this area.
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Geotechnical analyses
Core Drillings Test (S)

The table below (Tab. 1) summarizes the lithological nature 
of the layers crossed in this area.

The lithological cross sections (Fig. 8) make it possible to 
know the soil lithology and its heterogeneous state, which 
composed of the brown silty clay (depth from 0 to 2.5 m) 
overlying the red clays with limestone blocks of different sizes 
(Tab. 1). These characteristics differ significantly from those 
observed in the same region located 1 kilometer to the west, 
where gray to greenish altered marl, gray clays, and topsoil 
are present. (Khellaf, 2019; Khellaf & Hamimed, 2018a).

Suiki (2007) shows that the clay deposits, across Mila basin, 
contain fine intercalations of gypsum, conglomerate levels and 
lake limestones. This succession indicates that this basin is a 
large lagoon for lagoon-continental deposits of mio-pliocene 
with a remarkable fluctuation of sea level which is associated 
to the tectonic and paleoclimate influence.

Tab. 1 - Lithological characteristics of the Marechau area.

Tab. 1 - Caratteristiche litologiche dell’area di Marechau.

Depth (m) Lithology

Geological cross section (GS3)

S8 0 to 1.2 Brown silty clay

1.2 to 10 Red clays with limestone blocks

S9 0 to 1.2 Brown silty clay

1.2 to 10 Red clays with limestone blocks

S10 0 to 1.2 Brown silty clay

1.2 to 10 Red clays with limestone blocks

S11 0 to 2.2 Brown silty clay

2.2 to 10 Red clays with limestone blocks

S12 0 to 1.2 Brown silty clay

1.2 to 10 Red clays with limestone blocks

Geological cross section (GS4)

S13 0 to 1.2 Brown silty clay

1.2 to 10 Red clays with limestone blocks

S14 0 to 10 Red clays with limestone blocks

S15 0 to 10 Red clays with limestone blocks

S16 0 to 10 Red clays with limestone blocks

S17 0 to 1.2 Brown silty clay

1.2 to 10 Red clays with limestone blocks

S18 0 to 1.2 Brown silty clay

1.2 to 10 Red clays with limestone blocks

S19 0 to 1.2 Brown silty clay

1.2 to 10 Red clays with limestone blocks

S20 0 to 10 Red clays with limestone blocks

Geological cross section (GS5)

S21 0 to 10 Red clays with limestone blocks

S22 0 to 10 Red clays with limestone blocks

S23 0 to 10 Red clays with limestone blocks

Dynamic Penetration Tests (P)
The obtained results from these tests are both represented 

in the Table 2.
The analysis of these results leads to the results described 

below.
The bedrock is recorded at depths from 1.2 to 4.8 m, except 

for P8 and P16 it is found at a depth of 0.8 m (Tab. 2). These 
characteristics are different from those we found in the same 
region (1 km on to the west), where we encountered it at 1.6 to 
9.6 m deep (Khellaf, 2019; Khellaf & Hamimed, 2018b) and 
on the El Kherba region from 1.6 to 10 m made by LNHC in 
2001 and Aiche-Géo-Sol laboratory in 2013.

The penetrometer curves of all tests carried out in the 
Marechau sector field indicate a minimum peak resistance 
(Prmin) of 50 to 100 bars except in P4, P8, P12, P19, and P25 
which show higher values (over 115 bars) (Tab. 2), but in El 
Kherba region we encountered the Prmin are from 30 to 95 
bars and 20 to 50 bars.

The maximum peak resistance (Prmax) is varied from 145 
to 250 bars for all tests (Tab. 2), which is different from those 
we found in the El Kherba region (from 200 to 500 bars and 
220 to 650 bars).

According to Géoexplo (2015), Khellaf (2019), Khellaf & 
Hamimed (2018 c) and LBM-Sol (2014) works, the variation 
of these results is due to the presence of limestone blocks, 
enveloped in the clay matrix that sometimes stop the 
advancement of drilling tools (Zouaoui, 2008) and distort the 
results (Prmin reaches 150 bars and Prmax exceeds 400 bars). 
Moreover, the presence of water increases the soil saturation 
degree and subsequently makes it loose (LBM-Sol, 2014).

These results can help us to define two categories of soil 
in the studied area: the first has a high peak resistance 
(Prmin>115 bars, Prmax reaches 250 bars) and bedrocks at 4.8 
m of depth, and the second present an average peak resistance 
value (145<Prmax<250 bars, 55<Prmin<80 bars) and bedrocks 
over 1.2 m.

Therefore, it is essential to consider the impact of these 
parameters when calculating settlements in order to make 
informed decisions about urban development.

Fig. 8 - Lithological cross sections of the Marechau area.

Fig. 8 - Sezioni litologiche dell’area di Marechau.
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Penetrometer 
(P)

Bed Rocks 
BR (m)

Minimum 
peak resistance  

(bars)

Maximum 
peak resistance

(bars)

Penetrometer 
(P)

Bed Rocks 
BR (m)

Minimum 
peak resistance 

(bars)

Maximum 
peak resistance   

(bars)

P1 1.2 50 200 P27 3.6 90 160

P2 1.2 60 200 P28 3.2 48 165

P3 2.2 80 200 P29 2.8 48 180

P4 1.8 115 200 P30 2.6 50 180

P5 1.2 80 200 P31 4.2 45 150

P6 2.0 100 180 P32 4.0 60 155

P7 2.4 80 155 P33 4.8 90 145

P8 0.8 110 250 P34 3.8 50 155

P9 1.4 80 200 P35 3.2 60 150

P10 1.6 80 200 P36 2.8 60 190

P11 2.2 80 200 P37 3.4 70 250

P12 2.6 115 170 P38 2.8 55 250

P13 3.2 80 165 P39 2.8 55 170

P14 2.8 75 170 P40 3.0 70 170

P15 3.4 80 160 P41 1.6 80 250

P16 0.8 50 250 P42 2.0 80 200

P17 3.2 100 200 P43 4.0 55 250

P18 2.4 80 250 P44 4.4 55 145

P19 2.4 120 200 P45 3.8 80 250

P20 2.0 100 190 P46 4.0 70 250

P21 3.0 80 170 P47 2.2 55 200

P22 3.2 55 170 P48 1.8 80 250

P23 3.4 50 200 P49 4.4 52 250

P24 2.8 48 200 P50 4.8 60 150

P25 4.2 120 160 P51 3.0 56 155

P26 3.2 55 160 P52 2.6 65 170

Tab. 2 - Penetrometer characteristics of the Marechau region soils.

Tab. 2 - Caratteristiche dei terreni della regione di Marechau edotte dalla indagini penetrometriche.

Chemical
analyzes

SO42H2 4.70 5.42 6.91 5.96 4.61 5.04 5.24 5.81 8.05 7.81 5.51 6.60 5.97 4.90 10.00 15.52 12.28 15.55 5.04 5.95 6.05 7.01 4.86 6.60 6.27 7.50 5.04 5.74 8.81 7.04 6.10 5.11 8.64 4.63

CaCO3 10.00 15.00 10.00 15.55 22.10 20.05 25.00 28.77 18.67 15.00 14.25 10.36 10.00 10.00 91.74 86.95 87.65 83.05 10.00 15.55 15.00 18.65 12.20 15.02 20.50 25.00 28.30 28.55 30.05 30.15 28.30 19.85 30.05 19.55

Shear straight
φuu (°) 3.80 3.37 5.37 3.74 1.26 4.30 3.09 3.37 5.20 3.83 4.67 2.03 3.97 3.98 0.75 0.77 0.72 0.74 4.52 4.16 5.28 3.18 3.98 3.58 4.23 2.27 5.68 3.40 3.54 3.75 5.48 3.58 5.45 2.85

Cuu(bars) 0.75 0.79 0.71 0.77 0.83 0.76 0.79 0.84 0.74 0.77 0.75 0.79 0.69 0.76 2.96 3.08 2.53 3.35 0.72 0.75 0.69 0.79 0.76 0.76 0.71 0.83 0.73 0.77 0.79 0.73 0.74 0.76 0.67 0.80

Oedometer
Compressibility

Cg (%) 2.54 2.74 2.73 2.56 3.97 3.41 3.09 3.24 3.76 2.64 3.29 2.95 3.11 3.55 14.28 14.62 8.64 14.95 3.06 3.99 3.28 4.48 3.80 3.18 2.57 3.13 2.76 3.27 2.23 3.24 3.79 2.97 2.54 2.84

Cc (%) 16.28 15.95 13.95 13.90 12.29 15.61 22.92 14.62 15.95 16.94 11.63 12.96 11.29 12.29 1.79 2.05 1.17 2.86 10.30 15.61 11.63 22.26 20.93 15.61 16.94 17.27 16.28 17.61 10.96 16.28 20.93 22.92 13.29 22.92

Pc 3.42 3.50 2.56 2.98 2.90 3.15 3.02 2.76 2.18 3.59 2.15 2.49 2.18 2.54 28.85 29.44 28.43 28.95 1.93 2.05 1.73 2.90 2.24 3.07 3.16 3.81 3.23 3.65 2.05 3.28 2.73 3.02 2.91 3.30

Atterberg 
Limites

IP (%) 25.74 30.68 28.95 28.98 30.74 30.34 30.74 29.61 31.56 28.52 29.98 27.86 24.88 29.94 30.12 26.89 30.28 25.96 33.55 31.13 30.00 28.30 28.67 25.68 27.67 27.12 28.59 26.43 26.27 28.07 27.22 28.36 25.53 31.27

WL (%) 54.09 58.66 54.37 59.45 58.12 57.09 58.12 59.47 61.03 58.97 52.00 54.57 48.75 57.48 47 54 54 55 61.23 57.91 62.57 54.67 52.35 51.05 48.90 51.47 49.93 51.28 50.38 53.94 48.67 52.13 50.87 58.16

Granularity

2µm 56 54 48 38 58 50 56 88 74 74 86 86 86 80 78 82 80 86 56 44 46 56 57 58 50 47 46 56 50 49 52 56 45 51

80µm 92 89 90 82 98 86 94 44 82 86 92 95 94 87 88 90 87 94 89 83 85 94 91 93 85 82 80 91 83 85 83 90 79 90

2mm 95 97 99 90 100 97 100 100 92 99 100 100 100 96 95 97 95 100 99 94 98 100 95 100 93 96 91 98 93 100 95 96 93 100

Sr (%) 98.40 95.68 99.74 100 100 94.78 94.66 100 100 98.52 100 100 95.74 99.57 96.25 92.04 100 97.54 100 98.69 100 95.68 95.34 91.78 91.35 100 100 100 96.87 100 95.76 92.68 100 93.87

ds (t/m3) 1.60 1.63 1.59 1.61 1.59 1.65 1.60 1.58 1.54 1.58 1.67 1.60 1.71 1.69 1.58 1.70 1.53 1.65 1.57 1.59 1.56 1.63 1.58 1.75 1.68 1.59 1.75 1.54 1.71 1.69 1.73 1.70 1.73 1.68

W (%) 25.24 22.51 26.55 25.33 25.94 22.45 24.06 26.76 28.47 25.41 22.75 25.88 21.74 23.87 26.87 20.87 27.58 26.31 28.96 26.37 29.78 24.78 26.99 20.44 20.49 25.94 20.70 29.02 22.47 25.12 21.78 22.86 20.78 23.67

D (m)
2.80-3.50 4.20-

5.20
1.50-
2.00

3.20-
4.00

1.20-
2.20

3.00-
3.50

1.20-
2.20

2.50-
3.00

1.20-
2.20

2.50-
3.00

1.20-
2.00

3.60-
4.10

1.20-
1.90

2.50-
3.00

1.20-
2.20

2.50-
3.00

1.20-
2.00

3.50-
4.00

1.20-
2.00

3.00-
3.70

1.50-
2.00

2.60-
3.00

1.50-
2.00

4.10-
5.00

1.30-
2.30

2.60-
3.20

2.80-
3.80

5.10-
6.00

2.50-
3.10

4.00-
4.50

1.20-
1.80

2.50-
3.00

1.50-
2.50

3.50-
4.20

S1 S2 S4 S5 S7 S8 S10 S12 S13 S16 S17 S18 S21 S22 S23 S24 S26

Tab. 3 - Physico-mechanical characteristics of examined soils.

Tab. 3 - Caratteristiche fisico-meccaniche dei terreni esaminati.
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Laboratory tests
The obtained results are grouped in the Table 3. These tests 

gave: 
a. The water content (w) from 20.49 to 30.02%, the dry 

density (ds) from 1.54 to 1.75 t/m3 and the saturation 
degree (Sr) from 91.35 to 100%. So, the soil examined 
is moderately humid, saturate (Cordary, 1994; NF P94-
050; Philipponnat, 1979; Philipponnat & Hubert, 2003) 
and dense (Costet & Sanglerat, 1981; NF P94-053). In 
Azouz (2015), Chettah (2009), Géoexplo (2015), Khellaf 
(2019), Khellaf & Bitat (2006) works it is shown that 
these characteristics are the triggering factors for land 
movements. Also, Khellaf & Hamimed (2018a) show 
that these clays are characterized by the abundance of 
minerals which have volume variation at water presence, 
such as vermiculite, chlorite, montmorillonite, etc. These 
minerals, despite their low concentrations, are involved 
in the generation of land movements.

b. The liquidity limits (WL) from 48.6 to 62.75%, the 
plasticity limits (PL) from 21.23 to 32.30%, the plasticity 
index (Ip) from 24.88 to 31.56% and the consistency 
index (Ic) from 0.71 to 1.19%. According to the fine soil 
classifications on the Casagrande diagram, the materials 
examined are very plastic and consistent clays. They 
present a large difference between the natural water 
content and the liquidity limits which demonstrates high 
over-consolidation state and desiccation of soil (Derriche 
and al., 1999). According to Dakshanamurthy & Raman 
(1973), Hazmoune (2008), Khellaf & Hamimed, (2018 
b) and Komornik & David (1969) works, these results 
reveal the increase of consistency index values (> 1.5), dry 
density which is greater than 1.5 t/m3 and the Atterberg 

limit values that are higher than standards. So, the 
studied clays are swelling.

c. The particle size and the sedimentometric analyses gave 
the sand content of 11.50%, silt about 29% and clay 
percentage of 59.50%. According to the NF P94-057, 
the soil identification triangle, Philipponnat (1979) also 
Costet & Sanglerat (1981), the studied soil is clays and 
silty clays which classified in category “I”.

d. For depth of 1.20 to 6 m, the soil presents cohesion 
(CUU) from 0.67 to 0.84 bars, low internal friction angle 
(ϕUU) which from 2.25 to 5.20°, pre-consolidation stress 
(Pc) varies from 1.17 to 3.81 bars, compressibility index 
(Cc) varies from 10.96 to 23.59% and swelling index 
(Cs) varies from 2.57 to 4.48%. The classification of 
soils according Costet & Sanglerat (1981) indicates that 
this facies are clay. These clays are consistent, over-
consolidated, medium to very compressible and medium 
to high swelling potential (Mutlutürk & Balcıoglu, 
2015; NF P94-090-1; Philipponnat, 1979). Also, the 
Zouaoui (2008) works show that the increase of the 
water content systematically leads the reduction of the 
characteristics such as the internal friction angle (ϕ), the 
cohesion (C) (undrained), the shear strength etc., where 
Alijani-Shirvani & Shooshpasha (2015), confirm that the 
water content (w) leads it’s softening, which means the 
progressive increase in its deformability under load. 

e. The chemical analyses gave the sulphate and 10 to 30.5% 
of carbonate (CaCO3) (Tab. 3). These results indicate a 
medium aggressiveness on concrete for the majority of 
surfaces (NF P18-011) and average calcium carbonate 
contents (<30%) which is a good mechanical resistance 
index of this soil (Cordary, 1994). So, the Marechau 

Chemical
analyzes

SO42H2 4.70 5.42 6.91 5.96 4.61 5.04 5.24 5.81 8.05 7.81 5.51 6.60 5.97 4.90 10.00 15.52 12.28 15.55 5.04 5.95 6.05 7.01 4.86 6.60 6.27 7.50 5.04 5.74 8.81 7.04 6.10 5.11 8.64 4.63

CaCO3 10.00 15.00 10.00 15.55 22.10 20.05 25.00 28.77 18.67 15.00 14.25 10.36 10.00 10.00 91.74 86.95 87.65 83.05 10.00 15.55 15.00 18.65 12.20 15.02 20.50 25.00 28.30 28.55 30.05 30.15 28.30 19.85 30.05 19.55

Shear straight
φuu (°) 3.80 3.37 5.37 3.74 1.26 4.30 3.09 3.37 5.20 3.83 4.67 2.03 3.97 3.98 0.75 0.77 0.72 0.74 4.52 4.16 5.28 3.18 3.98 3.58 4.23 2.27 5.68 3.40 3.54 3.75 5.48 3.58 5.45 2.85

Cuu(bars) 0.75 0.79 0.71 0.77 0.83 0.76 0.79 0.84 0.74 0.77 0.75 0.79 0.69 0.76 2.96 3.08 2.53 3.35 0.72 0.75 0.69 0.79 0.76 0.76 0.71 0.83 0.73 0.77 0.79 0.73 0.74 0.76 0.67 0.80

Oedometer
Compressibility

Cg (%) 2.54 2.74 2.73 2.56 3.97 3.41 3.09 3.24 3.76 2.64 3.29 2.95 3.11 3.55 14.28 14.62 8.64 14.95 3.06 3.99 3.28 4.48 3.80 3.18 2.57 3.13 2.76 3.27 2.23 3.24 3.79 2.97 2.54 2.84

Cc (%) 16.28 15.95 13.95 13.90 12.29 15.61 22.92 14.62 15.95 16.94 11.63 12.96 11.29 12.29 1.79 2.05 1.17 2.86 10.30 15.61 11.63 22.26 20.93 15.61 16.94 17.27 16.28 17.61 10.96 16.28 20.93 22.92 13.29 22.92

Pc 3.42 3.50 2.56 2.98 2.90 3.15 3.02 2.76 2.18 3.59 2.15 2.49 2.18 2.54 28.85 29.44 28.43 28.95 1.93 2.05 1.73 2.90 2.24 3.07 3.16 3.81 3.23 3.65 2.05 3.28 2.73 3.02 2.91 3.30

Atterberg 
Limites

IP (%) 25.74 30.68 28.95 28.98 30.74 30.34 30.74 29.61 31.56 28.52 29.98 27.86 24.88 29.94 30.12 26.89 30.28 25.96 33.55 31.13 30.00 28.30 28.67 25.68 27.67 27.12 28.59 26.43 26.27 28.07 27.22 28.36 25.53 31.27

WL (%) 54.09 58.66 54.37 59.45 58.12 57.09 58.12 59.47 61.03 58.97 52.00 54.57 48.75 57.48 47 54 54 55 61.23 57.91 62.57 54.67 52.35 51.05 48.90 51.47 49.93 51.28 50.38 53.94 48.67 52.13 50.87 58.16

Granularity

2µm 56 54 48 38 58 50 56 88 74 74 86 86 86 80 78 82 80 86 56 44 46 56 57 58 50 47 46 56 50 49 52 56 45 51

80µm 92 89 90 82 98 86 94 44 82 86 92 95 94 87 88 90 87 94 89 83 85 94 91 93 85 82 80 91 83 85 83 90 79 90

2mm 95 97 99 90 100 97 100 100 92 99 100 100 100 96 95 97 95 100 99 94 98 100 95 100 93 96 91 98 93 100 95 96 93 100

Sr (%) 98.40 95.68 99.74 100 100 94.78 94.66 100 100 98.52 100 100 95.74 99.57 96.25 92.04 100 97.54 100 98.69 100 95.68 95.34 91.78 91.35 100 100 100 96.87 100 95.76 92.68 100 93.87

ds (t/m3) 1.60 1.63 1.59 1.61 1.59 1.65 1.60 1.58 1.54 1.58 1.67 1.60 1.71 1.69 1.58 1.70 1.53 1.65 1.57 1.59 1.56 1.63 1.58 1.75 1.68 1.59 1.75 1.54 1.71 1.69 1.73 1.70 1.73 1.68

W (%) 25.24 22.51 26.55 25.33 25.94 22.45 24.06 26.76 28.47 25.41 22.75 25.88 21.74 23.87 26.87 20.87 27.58 26.31 28.96 26.37 29.78 24.78 26.99 20.44 20.49 25.94 20.70 29.02 22.47 25.12 21.78 22.86 20.78 23.67

D (m)
2.80-
3.50

4.20-
5.20

1.50-
2.00

3.20-
4.00

1.20-
2.20

3.00-
3.50

1.20-
2.20

2.50-
3.00

1.20-
2.20

2.50-
3.00

1.20-
2.00

3.60-
4.10

1.20-
1.90

2.50-
3.00

1.20-
2.20

2.50-
3.00

1.20-
2.00

3.50-
4.00

1.20-
2.00

3.00-
3.70

1.50-
2.00

2.60-
3.00

1.50-
2.00

4.10-
5.00

1.30-
2.30

2.60-
3.20

2.80-
3.80

5.10-
6.00

2.50-
3.10

4.00-
4.50

1.20-
1.80

2.50-
3.00

1.50-
2.50

3.50-
4.20

S1 S2 S4 S5 S7 S8 S10 S12 S13 S16 S17 S18 S21 S22 S23 S24 S26

Tab. 3 - Physico-mechanical characteristics of examined soils.

Tab. 3 - Caratteristiche fisico-meccaniche dei terreni esaminati.
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clayey formations contain sulphates (Aiche-Géo-Sol, 
2013; Géoexplo, 2015; LBM-Sol, 2014), which come from 
the dissolution of the interstratified gypsum formation 
within these clays (El Yakoubi, 2006; Khellaf, 2019; 
Khellaf & Hamimed, 2018b; Rollingset al., 1999).

Geophysical analyses (Electrical resistivity)
The results are summarized in the geo-electrical profiles 

(EP) shown in Figure 9, which indicate the soil in the studied 
area is composed from top to bottom of:
a. Brown silty clay with low resistivity range (10 to 50 

ohm∙m);
b. Red clays with limestone blocks and their resistivity can 

reach 1000 ohm∙m;
c. Marly clays with an intermediate resistivity (50 to 100 

ohm∙m). 
The thickness of these layers varies from one geo-electrical 

profile to another (Fig. 9). Mostly, the limestone rocks are 
shown in the geo-electrical profiles Ep1, Ep2, Ep4, Ep9, Ep14, 
and Ep16. In the other cases (in the profiles Ep6, Ep11, Ep13, 
Ep15, Ep17, Ep18, Ep22, and Ep26), these limestone rocks 
are found near the ground surface with a metric thickness 
(average of 10 m) and a variable extent that can occupy the 
geo-electrical profile size (115 m) (e.g. Ep4). Usually, they 
exhibit resistivity values of 300 ohm∙m, but these values 
can reach 1000 ohm∙m at Ep6, Ep9, Ep11, Ep16, and Ep26. 
Also, we mark the absence of them, or they were completely 
replaced by silty clay for a distance equal to the half of geo-
electrical profiles size, in the Ep9, Ep11 and Ep13.

The error is represented by the difference between pseudo-
section calculated for soil model and pseudo-section measured 
(quantified by RMS), and it varies between 1.7% (in Ep3) and 
7.8% (in Ep9) which remains acceptable.

Indeed, the analysis of the geo-electrical imaging profiles 
allowed us to infer the presence of three models:
1. The Ep9, Ep11, and Ep13 exhibit lateral heterogeneity – 

model (a) - with a rapid passage of clays to heterogeneous 
soils containing limestone blocks. This part of soil presents 
more or less resistant characteristics and an average of 15 
m thickness, but the superficial and the depth resistivity 
still become very low due to the presence of clay. In reality, 
there are a limestone blocks embedded in a clay matrix. 
As a result, the zone of rapid lateral transition (clay - 
limestone blocks), can be considered as an axis for 
landslides which favors more rainwater infiltrations and 
gives rise to shear movements.

2. In contrast, the Ep1, Ep2, Ep4, Ep6, Ep14, Ep15, Ep16, 
Ep17, Ep18 and Ep22 show a model (b) with three layers: 
the first is superficial, conductor, porous, silt-clay layer 
favoring the water circulation in the soil, and it has 
low resistivity (10 to 50 ohm∙m). The last is marl-clay 
layer characterized by an intermediate resistivity (50 to 
100 ohm∙m). Between the two, we note the presence 
of limestone block layers, shallow, consolidated, and 
resistant. Indeed, these layers have an increasing 
resistivity (reaches 1000 ohm∙m); their thickness can be, 

in some places, from 15 to 20 m, and it can probably 
be considered as possible foundations substratum. 
So, the first instability zone (porous silt-clay) is shallow 
and superficial, separating from the second composed of 
limestone blocks. To this, we added marly-clay masses 
which can play, again, the sliding factor role for greater 
magnitude. According to the Mebarki (1984) and 
Géoexplo work in 2015, this region is characterized by 
the presence of several springs near landslide fronts which 
constitute a catalyst factor to accentuate the magnitude 
and also the movements triggered speed. These factors 
would make this region more and more vulnerable to the 
soil and subsoil recurrent instabilities.

3. For the Ep26, we have the predominant of model (c) with 
two layers. The first is based on the limestone blocks 
which are located close in the ground surface. This 
layer rests on the second which is the marly-clay nature. 
From there, the presence of water in studied area, which 
separates the surface layer from the deeper, favoring the 
presence of landslide. In the geomechanical point of view, 
the association of clays with water favours its adsorption 
and absorption, hence a certain significant swelling 
capacity given their specific surface which can generate 
surface sliding.

Therefore, the geophysical prospection revealed that the 
studied area is composed  by a clay layer that  envelops the 
limestone blocks and contains water which makes the decline 
of soil characteristics (water content, resistivity etc.) and 
generate the landslides. These conditions are unfavorable for 
the urbanization of this area.

Hydrogeological behavior of the aquifer system in Mila 
region

The monitoring results of the aquifer system behavior and 
the groundwater flow direction in the Mila region (north of the 
studied area) over a period of 200 days (from October 2013 to 
May 2014) are summarized in Fig. 10, Fig. 11, Fig. 12 and Fig. 13.

During the 200-day period, variations in the levels of some 
core drillings (CD) wells that were 20 meters deep (Fig. 10) 
were monitored. The curves show a variation of -0.95 to 
-2.55 meters in CD1, -1.3 to -1.8 meters in CD2 and -2 to 
-2.8 meters in CD3. Additionally, some piezometers (P) were 
installed at depths exceeding -50 meters and monitored; they 
show a variation of -0.5 to -0.8 meters in P2, P4, and P7, -5 
to -7.4 meters in P5, and -8 to -10 meters in P6, while P1 
(-0.8 meters) and P3 (-1.4 meters) maintained a constant level. 
The precipitation recorded during this period was significant 
(Fig. 11): we measured a rate ranging from 70 to 175 mm for 
the first 30 days (autumn) and from 55 to 210 mm for the 
170 days (winter and spring). The geological formations that 
make up this area have a permeability, measured for depths 
up to 18 m and under different constraints, which varies from  
1.21 10-7 to 6.01 10-7 cm/s, 1.97 10-7 to 5.52 10-7 cm/s, 1.44 
10-7 to 5.53 10-7 cm/s, and 1.19 10-7 to 3.46 10-7 cm/s for 
depths of 2.3 to 3 m, 4.1 to 4.8 m, 11 to 11.5 m, and 17 
to 18 m and for pressure of consolidation (PC) of 1.3 bars, 
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Fig. 9 - Some geo-electrical cross sections for the Marechau area(DTP-Mila).

Fig. 9 - Alcune sezioni geoelettriche dell’area di Marechau (DTP-Mila).
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Fig. 10 - Curves of the piezometric level fluctuates in the North of studied area. A) For 
three core drillings (CD). B) For the piezometers (P) in a specific week in November, 
where C1 represents the initial piezometric level of the groundwater before rainfall and 
C2 the groundwater piezometric variation after one week of rainfall.

Fig. 10 - Grafici delle fluttuazioni piezometriche a nord dell’area di studio. 
A. Per tre sondaggi (CD). B. Nel mese di novembre per i piezometri (P) dove 
C1 corrisponde al livello iniziale della falda prima delle precipitazioni e C2 
all’andamento del livello piezometrico dopo una settimana di precipitazioni.

Fig. 11 - Precipitations recorded in the Mila region during the monitoring period.

Fig. 11 - Precipitazioni registrate nella regione di Mila durante il periodo di 
monitoraggio.

Fig. 12 - Permeability (K) variation curves for some points.

Fig. 13 - Piezometric map of the studied area.

Fig. 12 - Grafici della variazione della permeabilità (K) per alcuni dei punti 
di indagine.

Fig. 13 - Carta piezometrica dell’area di studio.
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2.55 bars, 5.05 bars, and 10.04 bars respectively (Fig. 12). The 
piezometric map establishment of the studied area (Fig. 13) 
shows that the groundwater flow direction is from the south 
to north. 

Regarding the monitoring of groundwater from shallow 
wells (CD), the following considerations can be made:
 – these wells are drilled into a superficial aquifer with 

piezometric level from -0.95 to -2.8 m;
 – the three wells exhibit the same groundwater behavior: 

the recharge began after 116 days of rainfall and was 
followed by a remarkable variation;

 – the low permeability of soils leads to low aquifer recharge 
by infiltration and the high runoff amount, generating 
the strong alteration of these soils;

 – despite the high precipitation amount recorded during 
116 days, the piezometric level continues to fall; this 
means that the aquifer recharge by infiltration is low and 
indicates the low permeability;

 – after the initial 130 days, the piezometric level begins to 
fall under the effect of the temperature increase and the 
strong evapotranspiration during the low-flow period.

Regarding the monitoring of piezometers (P), we mark out:
 – the piezometers P2, P4, and P7 are in direct relationship 

to the superficial groundwater, and they are located in 
places where the infiltrations are considerable which 
promote their rapid recharge after the rainfall;

 – the piezometers P5 and P6 have a deep piezometric level; 
therefore, they are in relationship to the deep aquifer 
(karst) and located in places where their recharge is rapid 
(2 to 2.4 m/week).

These results confirm that the Mila region is characterized 
by an impermeable soil (weak infiltrations sometimes none), a 
heavy precipitation from October to May, and superficial flows. 
Also, it contains two aquifer systems (the first is deep and the 
second is superficial) (Saadali et al., 2020); their relationship is 
not excluded through the existing fault network and the deep 
aquifer system can supply the superficial one. 

So, these characteristics have an influence on the soils and 
their behavior in the studied area where:
 – the high precipitations with the absence of vegetal 

coverage and the low soil permeability (clays), leads to 
superficial flows; the later favor a high drainage density 
and the transport of the extracted particles to Mila River 
causing the contamination and siltation of BeniHaroun 
dam (Kateb et al., 2020; Habila et al., 2010);

 – the steep slope in areas with groundwater flows within 
and between clay layers, constitutes a trigger factor 
of landslides and favor the particles pulling, which 
generating differential settlements; also, the particles 
are gradually evacuated by flow, in the slope direction  
(S-N); this phenomenon destabilizes the soil structure 
and increases the hydraulic gradient locally; if this 
gradient still increases slightly, the soil lifts; this 
dangerous phenomenon is related to the speed of water 
flow; in our case, the provoked hydraulic gradient under 

material’s nature and hydraulic load, can lead to the 
infiltration which due to permeability coefficient and 
infiltration resistance by downward vertical flow; so, it 
causes cracking and damage to buildings in the studied 
area (Brencich & Gnecco, 2012; Chettah, 2009; Khellaf, 
2019; Hazmoune, 2008); 

 – the presence of the aquifer in gypsum clay, with 
limestone blocks and their flows, promote the dissolution 
of this gypsum which increases the soil aggressiveness 
for concrete (Khellaf, 2019; Khellaf et al., 2018); 
furthermore the several landslide seats in our region 
where the potential of instability risk increases during 
the winter period (Zouaoui, 2008); 

 – the presence of groundwater, generally, leads shear 
resistance reduction (Chen et al., 2019), mechanical 
characteristic of soils (friction angle (φ), cohesion (C)), and 
progressive increase deformability under load (Zouaoui, 
2008) that influences the bearing soil’s capacity (Khellaf, 
2019);

 – the groundwater fluctuations causing an enormous 
hydrostatic pressure, recharging/folding, affects the 
soil volume variation (shrinking-swelling), then the 
calculation and the proper structural foundations 
functioning (Khellaf, 2019).

 The combination of seismic effect, water presence in 
soil, strong soil alteration from runoff, and the land slope 
are considered the destabilizing factors in this region. 
Consequently, the studied area presents a high risk and its 
urbanization requires great cautions and all precautions.

Conclusion 
The southeast of the Mila region basin has been selected to 

expand Mila town, but this area is affected by several natural 
hazards which require detailed studies. This work aims to 
characterize the soil in this area through a geotechnical and 
hydrogeophysical approach. 

The geotechnical investigations by the dynamic penetration, 
core drilling and laboratory tests, have defined the lithology 
of ground and its characteristics, their resistance and deep of 
bedrock, for anchoring the foundations.

The hydro-geophysical investigations showed that the most 
studied layer is a conductive formation, with limestone blocks 
embedded in it and that the circulation of water in depth 
within and between layers favors the generation of differential 
settlements and landslides in the slope direction (S-N).

In relation to the above: 

1. the constructions build in this area will certainly 
undergo displacement in slope direction by the sliding 
phenomenon and creep, and requires extensive earthworks 
which will be reactivated the old land movements;

2. the downstream part of the area is marked by several 
water resurgences indicating significant underground 
flow. The constructions overload  cause an increase in pore 
pressure and area soil saturation and it causes mudflows.
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