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THE LANDSLIDES CHARACTERIZATION BASED ON 
PHYSICAL PARAMETERS OF THE SOIL FROM COPĂCENI 
VILLAGE (CLUJ COUNTY, ROMANIA) – CAUSES, EFFECTS 

AND TECHNICAL MEASURES FOR REHABILITATION 

raMona Bălc1, gheorghe roşian1, aNdreea triF1

Abstract: – The landslides characterization based on physical parameters of the soil from Copăceni 
village (Cluj county, Romania) – causes, effects and technical measures for rehabilitation. The study area, 
located 25 km south from Cluj-Napoca city and 7 km north from Turda city, in Copăceni locality, near  the 
Transylvania Highway, is threatened by the landslides, actives or susceptible to be reactivate. The main factors 
causing the landslides are both natural (as slope morphology, soil features or rainfalls) and anthropogenic 
(overgrazing, highway construction). Field observations and measurements together with determination of 
physical parameters of the soil have been conducted in three different points, in order to describe the landslides 
characteristics, to identify the causes producing the landslides, their effects on environment and humans, and 
to offer solutions for rehabilitation of the studied area. Thus, the studied landslides are considered as being 
superficial, shallow and active. The sliding surface is situated at 1.60 meters deep. Small water accumulations 
can be observed in the lowland areas, resulting marshes zones, present even during the dry periods. The 
overgrazing is the main identified cause producing the landslides. Due to the fact that these landslides can 
affect the houses, the gardens, the agricultural areas situated in the vicinity, the road between Copăceni and 
Săndulești, as well as the Transylvania Highway, some prevention and control measures are necessary. 
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1. Introduction
Anthropogenic activities are 

mostly controlled by the dynamics of the 
geomorphological processes especially into the 
hills units with specific morphologies, fragmented 
by the valleys. This is the case of the Săndulești 
area. Here, into the southern part of the Copăceni 
locality, on the left side of Racilor Creek, seven 
active landslides are present. 

From geographically point of view, the 
studied area is located 6 km north-west from 
Turda city and 25 km south from Cluj-Napoca 
city, on administrative territory of Săndulești 
locality. The limits of the Săndulești locality are 
as follows: Mihai Viteazu locality in the southern 
part, Petrești de Jos locality in the western part, 
Tureni locality in the northern part, and Turda 
city in the eastern part (Fig. 1). 

Geologically, the studied area comprises 
pelagic limestones with Idoceras planula, 
breccias with Actinostromaria, and oolitic 
limestones with dasycladaceae, theets and bones 
by Teleosaurus suprajurensis, all part of the 
Săndulești Formation. These deposits represent a 
transition between slope and the edge of the shelf 
and then to a lagoon (Dragastan et al., 1987). 

The landslides from Săndulești area 
are located outside of the urban limits, but on 
agricultural terrains. Also, one of the landslides 
is positioned below a viaduct of the Transylvania 
Highway. Both the agricultural works and the 
highway traffic can be threatened by any further 
dynamics of the landslide. Despite these, the 
landslides from Săndulești area are not being 
considered as a major problem, at least up to now, 
but some stabilization measures of the current 
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landslides and some prevention methods for future 
landslides are necessary. All these measures have 
to be in connection with field observations and 
with physical parameters of the soil. 

2. Materials and methods 
 In order to assess the objectives of this 

study different methods have been applied.
 Geomorphological mapping. The studied 

landslides have been located on topographical 
maps and on the satellite images, using a GIS soft, 
in order to establish the limits of the landslides. 
Obtained data have been used to calculate the 
surfaces of the landslides and for cartographic 
representation. 

 GIS method. Maps construction have 
been done using the functions of the GIS system 
(shapefile creation, editing in a shapefile, spatial 
analysis, maps elements insertion, exported of 
images etc.). 

 Physical parameters determination of 
soil. Sampling process has been done in accordance 
with national standards (STAS 7184/1-84). A 
total of 10 soil samples has been collected, from 
three different points. The composite studied soil 
profile has a 2.50 meters length. 

 The determination of the physical 
parameter of the soil has been done following the 
national standards:
- moisture content (w %) – STAS 1913/1-82
- bulk density (ρ g/cm3) - STAS 1913/3-76
- liquid limits (WL and WP %) – STAS 1913/4-86
- grain size – STAS 1913/5-85 and SR EN 
14688-2:2005
- adsorption capacity (UL %) – STAS 1913/2-88

Some other indices (plasticity index, 
consistency index, porosity, pore index) have been 
calculated using the above mentioned standards. 
The obtained results are listed in Table 1. 

3. Results and discussions
3. 1. Features of the landslides

Geographical coordinates of the studied 
landslides are: 43o 35’ 27’’ N și 23o 44’ 07’’ E for 
landslides no. 1;, 43o 35’ 19’’ N și 23o 43’ 55’’ E 
for landslides no. 2; and 43o 35’ 22’’ N și 23o 43’ 
18’’ E for landslides no. 3.

The analyzed landslides consist of large 
bodies with a sliding surface located into the soil 
profile and can be described as superficial and 
shallow. These types of landslides are strongly 
controlled by the land use and by the slope 

Fig. 1. Location of the studied landslides
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morphology (Remondo et al., 2003; Dai et al., 
2004; Lee and Talib, 2005; Begueria, 2006; Carrara 
et al., 2008; Cervi et al., 2010; Piacentini et al., 
2012). Mountain areas covered by the forests are 
less susceptible for superficial landslides towards 
those which are deforested (Tasser et al., 2003). 
Superficial landslides are directly influenced 
by the type of land use such as deforestation, 
roads construction (which are modifying the 
natural slope), grazing and agricultural terraces 
construction. All these modifications of slope 
morphology lead to an increasing frequency of 
landslides (Rogers and Selby, 1980; Gerrard 
and Gardner, 2002; Glade, 2003; Bruschi et al., 
2013). Thus, in the areas densely populated and 
with anthropogenic activities, the superficial 
landslides represent a land degradation process 
with serious implications. 

The studied landslides have a straight 
sliding surfaces and, more or less, parallel with 
the slope surface. The slopes with west-east 
orientation are more affected by landslides than 
those oriented on north-south direction, where the 
erosion processes are less active.  An important 
factor for initiation and maintenance of landslides 
is the slope gradient. The slopes inclined at an 
angle around 30-40º are strongly eroded. In some 

cases, areas with an inclining angle by 25º or up to 
50º are completely detached (Tasser et al., 2003). 
The landslides from Copăceni area are installed 
on a slope around 8º near the road, and 14º in the 
upper part where the scarp can be observed. 

The studied landslides (1, 2, and 3) affect 
a surface of 20.38 ha (Fig. 2), and are active. 
Due to the scale and the effect that they can have 
through their reactivation, the studied landslides 
can be considered as potential natural disasters.  

Landslides 1 and 2 are present on two close 
areas having a surface by 18.53 ha: landslide 1 
– 17.94 ha, and landslide 2 is divided in three 
different landslides (0.57ha). They are located 
between Copăceni village and Transilvania 
Highway. Copăceni village is affected by 
landslides on south-west part, on a distance of 
604 meters, the active surface of the landslides 
having 360 meters. Today, these landslides are 
close to the urban limits, affecting a secondary 
road used for Transilvania Highway construction 
and the roads through the agricultural terrains 
from this area. 

The surface waters from the hydrographical 
microbasin adjacent to the landslide drain 
directly in the landslide body, because of the 
microdepressions counter slopes and the cracks 
from the landslide. Also the rainfalls seep directly 

Fig. 2. Land use and landslides surface
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into the landslides through cracks, providing an 
important amount of water. 

The studied soil profile (landslide 1) 
comprises 3 horizons: 

- horizon A (30 centimeters): dark in color, 
with  plant roots, having a clayey texture and low 
plasticity, and recently deposited, as indicated by 
the plasticity index; 

- horizon Bv (30 centimeters): yellowish 
color, with a clayey texture, recently sedimented;

- horizon Bt (at 60 centimeters deep): 
grayish color, silty clayey with sand texture, with 
no plasticity and an adsorption capacity lower 
than the above two mentioned horizons.

The scarp has a repetitive horizons 
succession (A-Bv-A-Bv):

- horizon A (60 centimeters): dark in color, 
with plant roots, clayey texture with a hard 
consistency, low plasticity and low adsorption 
capacity;

- horizon Bv (30 centimeters): silty 
clayey with sand texture, low plasticity and low 
adsorption capacity;

- horizon A (40 centimeters): with same 

characteristics as the above mentioned A horizon;
- horizon Bv (at 150 centimeters deep), 

defined as a soft plastic clay, with a yellowish 
color. 

It can be presumed that this repetitive 
succession was the result of the gravitational 
slippery of the first two horizons, during the road 
construction in the upper part of the slope (4 
meters distance). 

Landslides no. 3 has a surface of 1.83 ha, 
being also situated between Copăceni village 
and Transilvania Highway. Surface waters are 
mainly taken by the interception channels from 
highway and evacuated on the landslide area. 
The underground waters, from both left and 
right slope, are feeding the landslide. Today, 
this landslide reached the urban limits, affecting 
houses, gardens, a cemetery and the Transilvania 
Highway as well. 

The studied soil profile, from this area, is 
longer than the other ones, having 250 centimeters 
and the following horizons succession:

- horizon A (30 centimeters), clayey texture, 
with low plasticity, and recently sedimented;

Depth
(cm)

Thickness
(cm)

Texture Physical parameters of soil
W

(%)
WP
(%)

WL
(%)

IP IC n e UL
(%)

ρ
(g/

cm3)
Profile no. 1

0-30 30 Clay 21 33.8 41.8 7.9 2.6 0.72 2.52 130 1.05
30-60 30 Clay 36 32.6 37.6 5.1 0.3 0.71 2.46 120 1.07
>60 - Silty clay 

with sand
32 - - - - 0.70 2.33 110 1.08

Profile no. 2
0-60 60 Clay 18 28.4 30.9 2.5 5.2 0.67 2.06 100 1.04
60-90 30 Silty clay 21 23.1 25.5 2.4 2.0 0.66 1.94 100 1.11
90-150 60 Clay 24 26.9 30.0 3.1 1.8 0.67 2.04 90 1.11
>150 - Clay 33 28.7 36.3 8.3 0.5 0.70 2.34 - 1.08

Profile no.3
0-30 30 Clay 21 33.8 42.8 7.9 2.6 0.72 2.52 130 1.05
30-60 30 Clay 36 32.6 37.6 5.1 0.3 0.71 2.46 120 1.07
60-150 90 Silty clay 

with sand
32 - - - - 0.70 2.33 110 1.08

150-160 10 Silty clay 
with gravel

- - - - - - - - -

160-170 10 Clay - - - - - - - 140 -
170-250 80 Clay 40 41.2 46.7 5.6 1.2 2.52 2.52 190 1.08

Table 1. Physical parameters of the soil from the landslides area
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- horizon Bv (30 centimeters), yellowish 
color, clayey texture, with low plasticity;

- horizon Bt (90 centimeters), grayish 
color,  silty clayey with sand texture;

- underlying horizons are composed by two 
layers, 10 centimeters thickness each; the first 
level is represented by a silty clay with gravel 
material, with grayish color, and the second level 
has a clay texture, strongly cemented, yellowish 
in color, with carbonates “nests” (probably a Cca 
horizon);

- at 170 centimeters deep a hard clay 
has been intercepted, with low plasticity and a 
high adsorption capacity (190%), representing, 
probably, the disaggregated parental material (C 
horizon).

It can be assumed that the sliding bed is 
represented by the strongly cemented clay level, 
situated at 160 centimeters deep. All the above 
horizons, with a larger grain size, are sliding on 
this level. 

3. 2. Causes and factors of the landslides 
The causes which produced the studied 

landslides are both natural and anthropogenic. 
These causes have determined the loss of the 
land stability on the slopes, through modification 
of internal and external forces, producing 
spontaneous trips of large masses of land until 
the urban limit, over a distance of 10-15 meters 
from the houses in the area. 

Propitious conditions for appearance or 
reactivation of the landslides are created by the 
not very intense but long rainfalls, or by the slow 
snow melting. Both of them are favoring the water 
infiltration and the supply of deeper layers. In the 
landslides area, the slopes are 14.20% near the 
road and 24.59% on the upper part of the slope 
where the detachment fault is located, and where 
the slope angles are wide, especially on landslides 
no.1 and 2. In the landslides no.3 area, the slope 
has an inclination around 14.73%. Together with 
some other factors (bed rock, land use, aspect) 
this are favoring the landslides processes. 

3. 3. Technical measurements for landslides 
rehabilitation

The technical measurements can be applied 
both on areas affected by the landslides and on 

areas with a high susceptibility of producing 
landslides. 

For elimination of causes and for 
increasing the slopes stability, measurements 
as underground water drainage, as well as 
surface water interception and evacuation are 
proposed.  An underground drainage system will 
intercept and evacuate the underground water. 
Simultaneously, it will take the water flow from 
nearby areas, and it will reduce the water volume. 
Such a drainage system has to be done directly on 
the parental material if possible. Surface water 
drainage (external drainage) will intercept and 
evacuate the surface water, through channels and 
outlets, leveling the landslides surface and nearby 
areas. The last proposed measurement consists 
of the filling of the microdepressions in order 
to prevent the water accumulation at the land 
surface and to reduce the infiltrations. All these 
works are necessarily to be done independently 
for an efficient drainage.

Support walls placed on the lower part of 
the slope together with trees plantation can ensure 
the slope stabilization. This last measurement 
has to be done with species adapted to the 
local altitudinal stage. Some of the advantages 
in using the trees consist of retaining part of 
the rainfall water on the trees’ leafs and on the 
litter, increasing the drainage efficiency through 
consumption and evapotranspiration processes, 
increasing the cohesion of the underground land 
through roots system, which are forming a tissue 
by 0.5-2.5 depth (Traci, 1985). 

4. Conclusion
The features of the landslides from 

Copăceni village have been studied in order 
to provide more complete information about 
the causes and the effects which produced the 
landslides. Physical parameters of the soil have 
been investigated together with other elements 
(landslides surface, landslide drawing on the 
map) improving the knowledge about the studied 
landslides.

Based on the above mentioned parameters, 
the studied landslides can be characterized as 
superficial, shallow and active, with a sliding 
surface located at 1.60m depth and with small 
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marshes formed on the uneven areas, persisting 
even in the dry periods.

 The obtained data confirmed the necessity 
of specific measures implementation for control 
of the studied landslides and prevention of further 
evolution. Without such measures, as interception 
and drainage of underground and surface waters, 
consolidation through trees plantation, etc., the 
evolution of the landslides is a certain fact. The 
water will produce a leakage of the land masses 
with effects on houses and gardens situated on the 
entire sliding front. Furthermore, the agricultural 
lands and roads, the road between Copăceni and 
Săndulești, highway maintenance roads, the 
consolidation and stabilization constructions of 
the highway, and even the Transylvania Highway 
can be affected. 
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