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Slope stability analysis represents nowadays a constant pursuit, being applied in various domains, such as
geological and geomorphological studies, civil engineering or urban expansion. In this paper, two different methods
were employed in order to establish the stability of the Copou Hill, Iaşi, Romania, and the results were compared.
The first, non-invasive, method involves obtaining a landslide risk map by identifying the factors that induce the
slope failure and overlaying the obtained maps. The second one, invasive, implies computing a safety factor using
the infinite slope method, employing well data from this area and ranging the thickness of the water column.
This comparison was made in order to improve the non-invasive method, so as to apply it in areas where there
is no geological information. The resulting landslide risk map shows values of the average coefficient Km ranging
between 0.21 and 0.63, implying a medium to high failure probability for the studied slope. On the other hand,
the infinite slope method indicates a safety factor with values between 0.91 and 1.49, at a complete flooding of
the land-sliding lithological column, with a single exception with much lower value. These values are below the
admissible factor, suggesting failure with a medium to high probability. Comparing these two methods, significant
similarities between the landslide risk map results and the computed safety factors can be observed. For further
testing of the first method, similar studies should also be made in other areas.
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1. Introduction

Slope failure represents a phenomenon that manifests
more and more violently, having a major play in the land-
scape dynamics. It can produce significant material dam-
ages, as well as life lost. Therefore, their study represents
an important aspect in various researching branches such
as geology, geomorphology, geotechnical projects, civil
engineering and urbanism.

This paper aims to compare a non-invasive method,
for establishing the landslide risk of a certain slope, to
an invasive method, that computes the safety factor of
the same slope. The comparison was made in order to
improve the non-invasive method to be able to employ it
in areas where there are no well data.

2. Study area

The studied area is located in the northern part of
Iaşi municipality (Romania), having as geographical co-
ordinates N 47◦10’ and E 27◦35’. Copou is one of the
seven hills, on which Iaşi city is extended. This area
is part of the Moldavian Plane, a sub-unit of the Molda-
vian Plateau. Among the slopes that compose the Copou
Hill, only two were studied, Copou East and Ursulea, re-
spectively (Fig. 1). The aspect of the analysed slopes is
a deluvial one [1], exhibiting multiple scars from prior
landslides.

From a geological point of view, Copou Hill belongs to
the Moldavian Platform, the south-western part of the
East-European Platform [2]. The deposits that outcrop
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Fig. 1. The localisation of the study area. The red
polygone borders the Copou East and Ursulea slopes.

on the studied slopes are of Quaternary age, with Sarma-
tian deposits (Middle Miocene) at their base. The dom-
inant lithological deposits are silty clays with numerous
sandy lens, sands and marly clays.

Choosing this study area was based on the fact that
most factors that may trigger the landslide can be iden-
tified here: lithology, slope, ground water close to the
surface, the area hydrogeology, the geological positioning
on the eastern flank of the slope, numerous buildings that
exert significant terrain overload, etc. Copou East and
Ursulea slopes underwent multiple remodeling with time,
the first mentions of such slides being made by [3]. The
author notes some landslides that occurred in the spring
of 1942, pointing out that they have taken place in the
past, too, and the main triggering factor was the water.
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3. Methods
In this paper, two methods were compared in order to

estimate the field stability in the area of the Copou East
and Ursulea slopes.

The first method, non-invasive, is based on the em-
ployment of the guidelines described in GT 019-98 [4], a

technical guide used in Romania for landslide risk map
elaboration. It implies estimating the landslide potential
of a slope by analyzing 8 factors considered determinant
for the massif stability, and applying an equation. These
8 analyzed factors are described in Table I.

TABLE I
The influence factors proposed in GT 019-98 [4] and the choosing criteria for their value.

Slope failure potential p
low medium high

Landslide probability P and risk coefficient
zero low medium medium – high high very high
0 < 0.10 0.11–0.30 0.31–0.50 0.51–0.80 > 0.81

Ka Lithological Massive, compact or fissured
rocks

Most of the sedimentary rocks be-
longing to the overlaying deposits
and marls, limestone, chalk, some
epizone metamorphic rocks, a few
heavily weathered igneous rocks

Unconsolidated detritical sedi-
mentary rocks, such as different
types of clays with swelling poten-
tial, silts and medium and small
grained sands

Kb Geomorpho-
logical

Horizontal landscape with
insignificant erosion, ad-
vanced maturity river
valleys

Hilly landscape typical for moun-
tainous and plateau areas, with a
certain maturity level of the river
valleys, bordered by medium high
slopes with small to medium dips

Hilly and mountainous landscape,
strongly affected by a dense web
of young river valleys parallel with
the strata direction

Kc Structural Massive bodies of craggy
rocks of igneous nature,
horizontal inter-bedded
sedimentary rocks, schistous
metamorphic rocks with
horizontal planes

Most of the folded and faulted
geological structures affected by
cleavage and fissures, diaper struc-
tures, areas located at the leading
edge of the nappes

Geological structures representa-
tive for the geosyncline areas with
flysch and molasses facies from
marginal basins, stratified geolog-
ical structures heavily folded and
dislocated, with a dense web of
cleavage, fissures and bedding

Kd Hydrological
and climatic

Generally arid areas, with
low average rainfall, low
debits on the river valleys,
lateral erosion occurs during
flooding

Moderate average rainfall, the
main river valleys are mature,
while the tributary streams are
still young. Vertical and lateral
erosion occurs during flooding

Slow and continuous rainfall with
high infiltration probabilities.
Vertical erosion is dominant

Ke Hydrogeo-
logical

High depth ground water
flow with very small hy-
draulic gradient

Moderate hydraulic gradient,
ground water at depths smaller
than 5 m

High hydraulic gradient, streams
occur at the base and along the
slopes

Kf Seismic MSK seismic intensity ≤ 6 Seismic intensity between 6 and 7 Seismic intensity greater than 7
Kg Forestry Arboreal vegetation cov-

ering more than 80%,
broadleaf forest with large
sized trees

Arboreal vegetation covering 20 to
80%, broadleaf and coniferous for-
est with trees of various ages and
sizes

Arboreal vegetation covering less
than 20%

Kh Anthropic There are no important
buildings on the slope and
no water storage

The slope has roads, railways, by-
pass pipes, pits, etc., with limited
extent, and has been fortified

The slope has a dense web of
drainage and water pipes, roads,
railways, pits, etc., the upper part
is overloaded

Landslide influence maps are made for each analyzed
factor, then these maps are overlaid. A mean factor (Km)
is computed according to

Km =

√
KaKb

6
(Kc +Kd +Ke +Kf +Kg +Kh).

(1)
and then plotted resulting a landslide risk map for the

studied slope. ArcGIS software was employed as the work
tool. A more detailed explanation in choosing each factor
values can be found in [5].

The second method, the infinite slope method, is
named invasive because it employs date obtained from
geotechnical wells. Choosing this method was based on
the geometry of the studied slopes, which have a deluvial
aspect, thus considering a plane sliding surface.
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The infinite slope method interprets the slope as a (in-
finite length) prism, with a plane sliding surface, being
characterized by a ground water flow direction in con-
cordance with the slope dipping direction [6]. The factor
of safety must meet the following condition: Fs effective
≥ Fs admissible, where:

• Fs effective represents the slope effective safety co-
efficient, estimated using the chosen computation
method;

• Fs admissible represent the safety coefficient estab-
lished by standards or good practice, having a more
or less conventional nature.

In this paper, the value of Fs admissible was chosen to
be 1.5 [7, 8].

The utilized computation formula is

Fs =
τf
τ

=
σ tanΦ + c

τ
=

[γ (H −Hw) + γ′Hw] cos
2 β tanΦ + c

[γ(H −Hw) + γsrHw] cosβ sinβ
, (2)

where τf — shearing resistance at failure, τ — shear
strength (stress), σ — normal stress, γ — the rock spe-
cific weight, γ′ — the submerged unit weight, γsr — the
saturated unit weight, H — the total thickness of the
column above the failure surface, Hw — the thickness of
the water column, Φ — the internal friction angle, c —
cohesion, β — the slope of the terrain.

The computation was made considering a complete
flooding of the lithological columns (H = Hw).

4. Results and discussions

Using the guidelines proposed in [4], the non-invasive
method, the values of the landslide influence factors were
established for the analyzed slopes. These values, as well
as their choosing motivation, were summarized in Ta-
ble II.

Influence maps were made for each landslide influence
factor, and then these maps were overlaid using Eq. (1).
Finally, the landslide risk map resulting for Copou East
and Ursulea slopes is plotted in Fig. 2.

The results obtained using the infinite slope method,
the invasive method, were summarized in Fig. 3. The
computations were made using some of the data cited
in [9]. Generally, the lithological types that show a safety
factor lower that 1.5 are the sand films bearing clays and
the marly clay. These rocks represent potential displace-
ment surfaces of the sliding mass. The main cause for the
existence a safety factor smaller than 1 is the exceedingly
steep slope, relative to the other studied well sites (23◦),
and for a safety factor greater than 1.7 is a very small
slope angle; these are exceptions for the studied slopes
and were neglected.

The comparison between these two methods was pos-
sible by classifying the obtained results in terms of the
landslide probability they indicate. Thus, using the data

TABLE II

The values of the landslide influence factors for the stud-
ied slopes, and their choosing motivation.

Factor Value Motivation
Ka 0.9 Miocene to Quaternary detritical

sedimentary rocks
Kb 0.1–0.6 slopes between 0–30°
Kc 0.6 geosyncline area
Kd 0.5 average annual rainfall of 600 mm
Ke 0.8 areas with slope springs and pro-

ductive aquifers
Kf 0.8 msk seismic intensity equal to 8

Kg
0.3 areas with broadleaves forest
0.9 areas without arboreal vegetation

Kh

0.1 areas without buildings
0.3 areas with isolated households
0.5 earth roads
0.7 national roads
0.9 areas with large buildings

Fig. 2. The landslide risk map for Copou East and Ur-
sulea slopes. The blue areas indicate a medium landslide
probability, the yellow area indicates a medium-high
probability, and the red areas indicate a high proba-
bility.

from Table I [4] and the landslide risk map from Fig. 2,
the landslide probabilities for Copou East and Ursulea
slopes are categorized in heading of Table I. Landslide
probability is medium for Km = 0.21÷0.3, medium-high
for Km = 0.31÷ 0.5 and high for Km = 0.51÷ 0.63.

The final estimation of the landslide probability based
on the results obtained using the invasive method was
made in relation to the literature data [7]. Based on
these data, the landslide probabilities indicated by the
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Fig. 3. Histogram showing the values of the safety fac-
tor for each analyzed well, computed using the infinite
slope stability method, at complete flooding of the litho-
logical column. The red line marks the admissible Fs

(1.5).

infinite slope method are summarized in Table III.

TABLE III

The summarized landslide probability results using the
invasive method.

Safety Probability Description
≤ 1 very high areas with active landslides

1.1÷ 1.3 high areas with temporary stable
landslides and high reactivation
potential

1.31÷ 1.7 medium areas with stabilized land-
slides and medium reactivation
potential

≥ 1.71 low relatively stable areas

Non-invasive and invasive methods indicate similar
landslide probabilities, medium, medium-high and high
probabilities in case of the non-invasive method, and
medium and high probabilities in case of the invasive
method.

5. Conclusion

The results obtained using the infinite slope method,
indicate medium and high landslide probabilities in
Copou–Ursulea area. The rocks most affected by the
landslides are the clays with sand lens and the marly
clay.

The non-invasive method indicates, based on the land-
slide risk map, medium, medium–high, and high land-
slide probabilities.

Comparing these two methods, a good correlation be-
tween the results can be observed. One can conclude
that the non-invasive method could also be used in areas
where there are no well data. For further testing of this
method, its comparison with other computation methods
for various other perimeters is recommended.
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