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LAND SLIDE STABILIZATION FOR A
WORKING PLATFORM WHICH

OCCURRED DURING EXCAVATION IN
CLUJ-NAPOCA

I. ABRUDAN1 C. PLESCAN2

Abstract: The present study contains the technical data and design method,
with details, regarding the stabilization of a landslide using drilled piles on a
site from Faget area in Cluj-Napoca where a family home is to be
constructed. A landslide occurred during the excavations on a slope through
which drainage was oriented from the area, without former measures to
avoid such phenomena. In order to regain the slope's stability and resuming
the project, it was proposed a consolidation solution to prevent any further
landslides and a safe way for the building process. In this paper it is
presented the slope analysis method and design method for the landslide
stabilization with some aspects regarding the final technical solution.
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1. Introduction

A home with ground floor and one floor
up will be constructed on the site from
Cluj-Napoca Faget, 34C D.D. Rosca
Street. After the foundation excavation for
the building was made, a landslide took
place which affected the respective place
and the neighboring parcels from
upstream.

In order to stabilize the landslide was
proposed a pile wall upstream of the
excavation to support the earth and a
building located nearby and to prevent the
extension of the landslide. A new
geotechnical survey was necessary for the
design of the stabilization solution.

The landslide stabilization design
method for combines slope stability
analysis with the piled wall design using
the subgrade of reaction modulus method.

2. Site Description

The site in question is located in Cluj-
Napoca in Faget area in downstream slope
of the road Cluj-Napoca - Ciurila, behind
the former Faget camping. The building to
be made is a residential home (Figure 1).
From a geomorphological point of view
the site is part of the Transylvanian
Depression and the central-eastern side of
the Someșan Plateau. The landscape is
predominantly hilly. The whole slope is
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covered with new buildings. The site is
located on the middle of the slope. The
inclination of the slope is approx. 10°. At
the upstream limit of the site there is a
steeper slope, with an approximated height
of 1.50 m, formed artificially by earth
depositing. The general inclination of the
slope is about 12°. It is important to notice
that despite the inclination of the slope
from south-east to north-west, the
surrounding terrains have an inclination
towards the site in question, which makes
the meteoric water to line up on this terrain
not only from upstream but also from the
side lanes [5]. Based on previous
observations of the terrain in upstream of
the new construction it has been noted that
since 3 years ago the terrain has always
been saturated with water resulted from the
excavations and drainages from the
terrains upstream. In the upper right corner
upstream there is a home with two pipes

for draining water. There is also an
evacuation pipe from this place but the
home shows signs of damage so the water
falls onto the terrain. Furthermore, the
vegetation here corresponds to a swampy
one and the terrain is always soaked. From
further observations it was noticed that 2-3
years ago the drainages from upstream
were continued on the investigated terrain
and the water was eliminated. Besides
these facts from the geotechnical survey
were not intercepted any water levels. On
the left side a drainage tube has truly been
intercepted, draining the water downstream
from the terrain.

The foundation system is a raft beneath
the building with a thickness of 35cm. In
order to build the raft a general excavation
was made, with an average height of 3
meters and peaks about 4.5 meters with
slopes about 70 to 80 degrees.

Fig. 1. Building and consolidation plan
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In short time after the excavation
began the earth started to move from the
right upstream of the excavation. The earth
movement was caused by the big
excavation height, but the area of the
landslide was much bigger than the slide
caused by excavating using big slopes.
Upstream from the new building location
was a small swamp that was probably the
remains of a former landslide in the
neighbor area. In the nearby region of the
excavation the wooden floor from the
ground level of a coop was showing signs
of recent movements, the fence between
neighboring properties were showing signs
of movements and some cracks started to
appear in the soil. The landslide area was
very close to some buildings in the area,
but none of these were showing signs of
movement or cracks.

The length of the landslide affected
area is about 20m, from which 10m on the
upstream terrain. The width of the affected
area is about 35 m from which 8m are on
the right side neighbouring terrain. After
the landslide was produced, the constructor
filled the excavation with earth. After this
fill the landslide did not evolve
significantly.

According to the geotechnical survey
data, two types of soil layers have been
intercepted: from the terrain level up to
about 3.5m is a silty brown-yellow
consistent clay, from 3.5m depth up to the
toe of the drilling a silty brown-grey firm
clay was found. After the landslide

occurred five more dynamic penetrations
were made. The penetration diagrams were
indicating a weak soil layer for about 3m
in depth, which led to the conclusion that
this could be the possible depth of the
landslide. The average layer depths and
soil characteristics are shown in Table 1.

3. Slope Stability Analysis

The usual pattern followed to
consolidate a slope with potential of a
landslide is to analyze the slope stability in
order to find the sliding surface with the
biggest potential [4]. This potential is
usually expressed by the safety factor (Fs)
which represents the ratio between the
resistive forces/ rotating moments and
destabilizing forces/rotating moments,
depending on the method of analysis. If
this safety factor is showing values under
1.0 it’s a clear sign of slope instability but
in current practice this value is limited to a
minimum of 1.4÷1.5 in order to
compensate the lack of knowledge or some
destabilizing matters

that somehow could be overlooked or
need further complex investigations which
are time and cost ineffective.

For a slope that could be affected by a
landslide it is necessary to know mainly
the shear strength of the soil, expressed
through shear strength parameters: the
internal friction angle Φ and cohesion c.

The average layer depths and soil characteristics from geotechnical survey Table 1

N
o. Layer description

Depth from
terrain level

[m]

Soil characteristics
γ

[kN/m3]
c’

[kN/m2]
ɸ’

[ º ]
1 silty clay, consistent,

brown-yellow
0.00÷3.50m 19.7 17 9

2 silty clay, soft consistent ,
brown-yellow

3.50m÷4.00m 17.9 15 7

3 silty clay, firm, brown-grey 4.00m÷8.00m 20.7 35 15
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If the stability analysis is made for a
slope on which the landslide did not take
place, the shear strength parameter values
used are those determined by the attempts,
namely medium or peak values. In the case
of a landslide that already took place the
slope analysis is made by means of so
called residual values for the Φ and c
parameters which are of course lower than
the peak or medium ones. Generally the
values could be introduced as Φr=
(1/2÷1)Φ and cr= (0÷1/2)c. Since the
landslide occurred on the site, the slope
stability analysis was made using the
residual values as shown in Table 2.

The slope stability analysis in this case
was made for proposed known surfaces that
could occur during landslide by means of
blocks method. This method consists in
dividing the sliding terrain in vertical blocks
and to set for each block of the active force
and the resisting force. The ratio between
the sum of the resisting forces and the sum
of the active forces of all the blocks is the
coefficient of safety at sliding, and the
pushing force of the sliding terrain is the
difference between these forces.

The results of slope stability for different
proposed sliding surfaces are presented in
Table 3.

As shown in Table 3 the minimum safety
factor was obtained in case 5 – slip surface
(Fs=0.68) and it is lower than 1.0 which
shows the clear sign of landslide.

4. Consolidation Solution

The method used for slope stability
analysis provides the value for safety factor
and the active force that the retaining
structure should support [1, 3, 6]. As a
retaining structure was proposed, a pile wall
with piles anchored in the rigid soil layer at
the toe and connected at the pile head with a
raft/beam. From the stability analysis the
earth active force acting on the piles is
about 315 kN/m, and it was obtained from
the lowest safety factor. The piles are
600mm in diameter and 12m long with
spacing between them of 1.2m÷2.0m to
allow water drainage (Figure 2).

The design method for the pile wall is
using the subgrade of reaction modulus. By
using this method the forward results are
presented: horizontal displacements of the
pile wall, horizontal pressure in the
foundation soil, shearing force and bending
moments along the pile [1, 3,7].

The average layer depths and residual soil characteristics Table 2

N
o. Layer description

Depth from
terrain level

[m]

Soil characteristics

γ
[kN/m3]

cr’
[kN/m2]

ɸr
’  [ º

]
1 silty clay, consistent,

brown-yellow
0.00÷3.50m 19.7 5 7

2 silty clay, soft consistent ,
brown-yellow

3.50m÷4.00
m

17.9 5 7

3 silty clay, firm, brown-
grey

4.00m÷8.00
m

20.7 35 15
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Safety factor for proposed slip surface Table 3

No
.

Safety
Factor

(Fs)

Slip Surface

1 0.98

crack1

2

Case 1
natural slope

excavation
 slope

2 0.81

crack

1

Case 2
natural slope

excavation
 slope

3 0.95

crackCase 3
1

natural slope

excavation
 slope

4 0.77
1

2

natural slope

excavation
 slope

Case 4 crack

5 0.68
1

2

natural slope

excavation
 slope

Case 5 crack

6 0.73
1

2

Case 6
natural slope

excavation
 slope

crack

7 0.95 1

Case 7
natural slope

excavation
 slope

crack
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By using these outputs the reinforced
concrete elements were designed to sustain
the earth active force.

The consolidation solution for the
working platform also included a drainage
system (Figure 3) that should collect the
rain water from neighbor areas and possible
water flow from underground [2].

The consolidation solution also includes a
change of the foundation system for the
new building to prevent any further
damages. The new foundation system
consists of micropiles or piles anchored in
the rigid soil layer.

Fig. 2. Pattern for the consolidation with drilled piles
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Fig. 3. Drainage system plan

5. Conclusions

The presented landslide occurred during
the excavations for a new building
construction. The surrounding area was
showing signs of water accumulation in soil
and swamp vegetation. Due to the small
slope on the site the landslide risk analysis
was never a major priority in the design
project.

The main cause of the landslide was the
excavation with a big slope that easily
activated the instability and the phenomena
was extended to the areas nearby not only
on a small area near the excavation. The
underground water current had also a major
impact in the activation of the landslide.

Some earthworks need more attention
from design to build and are not over

conservative to look and overlook at the
possible problems that could occur on the
site.

Due to the landslide activation the
building cost over exceeded the initial
estimation and now the whole process is
stopped.
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