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Abstract — In the detection and monitoring of a .  THE GIMIGLIANO LANDSLIDE

landslide a large number of variables should be tadn The town of Gimigliano (Southern Italy) (Fig. 1) is
into account. Several techniques and approaches jifected by the presence of several instabilitynoneena
should be used to fully understand the phenomenomi  which are characterized by different types of ldidds
order to facilitate landslide stabilization design with different states, distributions and stylesaafivity
especially for complex cases. In this paper the @&s pecause of the complex geological settings, as stiam
history of the Gimigliano landslide (Southern Italy) is  pA| [1] landslide inventory map in Fig. 2.

investigated taking advantage of a combined-  sych instability phenomena have showed an
technique  approach based on conventional jntensification of activity in winter seasons 20P@10
geotechnical measurements used together with \which caused damage to buildings and infrastrusture
modern technologies such as electromagnetic sensing resulting evacuation of few buildings and block tbé
techniques and electrical resistivity tomography. he practicability of some road.

application of this methodology shows that combinig The basic stratigraphic sequence presents phyllites
the information taken from the different techniquesis metarenites and metacong'omerates intercalated by
possible to validate the measurements obtained by metalimestones overlaying banks of metabasites
conventional and modern approaches and enhance the ajternated with serpentinites and ophicalcites #natpart

accuracy of each other. the Opbhiolitic unit Monte Reventino.
In this paper the focus is on the investigationsied
| INTRODUCTION out to better define the phenomenon known as

Landslides are highly complex phenomena becauséimigliano landslide involving a new building distr
involve a very large number of variables. The mostnd which is characterized by the presence of atalet
important factors which must be known in order&édna colluvial deposit. This phenomenon shows a complex
better understanding of the process are geometricaituation in which minor landslides overlap andtime
aspects and the their evolution in time, the geterr@l  central part cover the main body of the landslidig.Q).
parameters, the ground-water conditions. Thesabias
are represented by surface and deep displacements,lll. FIELD TESTS AND MEASUREMENTS
strength parameters, hydrological and hydrogeoédgic

characteristics and geometrical definition of theaaof A persistent Scatterer Interferometry (PS-InS8R
the landslide. Due to such a complexity, for cangybut a In this section the results of the Persistent Soatt

landslide characterization = adequate  to the SIOpfenterferometry are presented. The period of obgienvés

stabilization plannipg, it is hecessary to Cor’.‘b""‘* . quite long and is divided into two steps, 1993-2@D@l
standard geotechnical techniques with the |nnoeat|v2002_2010_ The results obtained from the data

?ne?ﬁzysfaéragdlccgm%; i&ogiﬁzst:fe S:nsrlggdt]eﬁg:s:qu interpretation drive to interesting conclusionstthiow
Paper, q bp 9 {0 define a deformation scenario. All the data exitd

above mentioned techniques is applied for investiga : T
L o . : were interpreted through the PS-InSXRapproach [2]
\t/t/]i?h thr%gg?rrrllo tlc?ngr?(l;SVe rllr:)vflhihga?obr::zir::gz)onm??’ theand the satellite data used were taken from the-ER&d
ERS-2 datasets for the period 1993-2000 and froen th

different investigations drives to a better and @nor -\ \/,SAT dataset for the period 2002-2010.
accurate understanding of the landslide phenomenon.



-24,592321 - 14917149
-14,917148 - -5,160741

-5,160740 - 4,472370
4472371 -14,301040
14301041 - 24 396874

New building district

{:] Medieval village \."\ >
O

Fig. 1. Satellite view of Gimigliano and positiohtbe
boreholes.
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Fig. 2. PAl landslide inventory map.[1]
The main results of the analysis for the period3t2000
are showed in Fig. 3. The significant displacemeénts
this period are located in the new building distraé
Gimigliano that is characterized by a subsidente trzat

is higher than 2 cm/year (red dots). In the pe2682-
2010 (Fig. 4) the scenario is different, the averag
displacements are smaller and there are two maasar
interested by the movement, the new building disaind
the medieval village. In particular the new didtris
characterized by a subsidence rate of about 1.8eamn/ ) = e ;
(orange dots), on the other hand is possible tatpmit  Fig. 4. map of the deformation (velocities in mrafye

that there is a migration of the deformation fieddthe for the ENVISAT dataset 2002-2010. [2]

medieval village that in this period is charactedzy a The results obtained from this methodology have
subsidence rate that is small but not negligiblelodut . owed to reconstruct the dynamic of the investda

0.3 cmiyear (yellow dots). Bianchini et al. [3]a®d 0 4105 through the values of the mean yearly vetsiti
the 2010-2011 period give a confirmation of thentte ¢i,.0 1993 up to 2011.

showed from the 1993-2002 data using a TerraSar-X grom this analysis it can be pointed out that the

methodology. From the analysis of these new daia it |5n§gjige area is marked by a general deformation i

possible to notice that the displacements are cur&ed o\ 5|ytion with acute and intense phases that altern
in the new district with a higher average velocity,,ith more moderate phases.

compared with 2002-2010 period, and that the mediiev
village is more stable with more or less the samleoity
of the previous years.

B. Standard geotechnical techniques
After the paroxysmal phase occurred during the avint



seasons 2009-2010 it was decided to improve th
knowledge of the landslide through the execution o
further and more detailed investigations in ordé¢o
facilitate the risk mitigation design.

Regarding the standard geotechnical investigation
taking advantage of the information derived from
electromagnetic sensing techniques, three borghaee
drilled within the landslide main body. As showedHig.

1, the boreholes S2 and S3 are located in the iisvict
area, previously marked by the highest velocity of
displacement. The borehole S1 is located clos&dnger
between the medieval village and the new distric
corresponding to the crown of the landslide. Thpthle
range of the boreholes varies between 70 and 76&th
they were instrumented with inclinometers and
piezometers.

The boreholes give important information about the
stratigraphy of the area, analyzing them it is fmesto
confirm that are present phyllites, metabasites
serpentinites and ophiolitic rocks with different
weathering grades.

Preliminary results from inclinometer measuremémts
the boreholes S2 and S3 indicate relative movemants
depth of 58-60 m and 46-48m, respectively.

The lithology of the S2 borehole is reported in.Fg
from which it is clear that the displacements tplaze in
the layer of very altered black phyllites (Fig. 5b)
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Fig. 5. Lithology of the S2 borehole [a] and pictof
the black phyllites layer [b].

execution of the tests to take into account thataiea is

intensely urbanized. The Wenner-Schlumberger (WS)

Along the depth of the boreholes, ten pressuremeterrray configuration is used and the high-resolution
tests were performed to better define the mechhnicgeoelectrical tomographies are developed using the

properties of
variability of the parameters (pressuremeter alasti
modulus and pressuremeter limit pressure) thatlégead
not only to the change of stratigraphy but withie same
material layer also to other factors such as tlaelegrof
alteration and weathering and the groundwater level

C. Electrical resistivity tomography
Electrical resistivity tomography (ERT) is a gemdteal

the rocks. The results show a largalgorithm based on the smoothness-constrained- least

squares inversion implemented by a quasi-Newton
optimization procedure [6]. The tomographies show a
chaotic distribution of the resistivity values witkigh
variations in both horizontal and vertical direatioln
some profiles, the resistivity values vary in tlamge 5-
900Qm (Fig.6) [7].

With reference on the longitudinal profile (T4)aths
almost parallel to the main landslide, it is poksio

method used to reconstruct the geometry of surfadeoint out that there are weakness planes with \@ny
geological structures and to evaluate the eledtricavalues of resistivity.

resistivity of outcropping geo-materials in ordep t
determine their physical properties. Recently, BRT
method is also applied for investigating landside
because the use of this method can provide importa
information upon the identification of the slidisgrface,
of groundwater effect, of internal structure ofaadslide
[4, 5]. For investigating the Gimigliano landslidggven
ERT high resolution surveys (one longitudinal amd s
transversal to the landslide body) were carried ast
indicated in Fig. 6, with lengths which vary froB2m
up to 940 m and reaching an investigation deptiyiray

IV. LANDSLIDE CHARACTERIZATION

All the results of the several techniques and
measurements analyzed in this study, show a very
complex and even chaotic geological setting. Even
though this complexity make the definition of adatide
characterization very challenging, the combinatibnthe
above described techniques, allows to clearly defat
least, the kinematic aspects of the landslide.i¢gn F the
A-A’ section (almost coincident with the T4 longitinal
tomography profile) is showed. It is important totine

from 35 m to 140 m and with 5-10-20 m electrodethat the failure surface, drawn together with the

spacing in order to increase data coverage andtyual
The geoelectrical profiles, in which the topographi
correction has been introduced, cover almost cetalyl
the landslide area. Particular attention was paithé

stratigraphy derived from the S2, S3 boreholekdated
in the phyllites layer and that also the deep maem
showed by the inclinometer



pressuremeter parameters. The examination of the
lithology and the inclinometer measurements alldws
conclude that the shear band is concentrated in the
phyllites, combining this information with the ERT
longitudinal profile (T4), it is possible to recage the
weakness plane for low resistivity value which is
coincident with the above described phyllites layer

All this shows that the combined approach can be
considered a powerful tool for investigating lamdisl
especially characterized by complex geological and
stratigrafic settings.
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