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Summary
The paper presents the case history of San Fratello, a small town in the Nebrodi Mountains in Sicily rich in history and having 

very peculiar environmental and cultural characteristics. Both slopes of the narrow ridge where San Fratello lies were affected in 1754, 
1922, 1986 and 2010 by very large landslides. The landslide of February 2010 is largely the reactivation of that of 1754. It destroyed 
many infrastructures and seriously damaged more than 200 buildings and caused the evacuation of 25% of the population. Emergen-
cy actions to block regression of uphill movements and secure the buildings and their inhabitants as quickly as possible, were carried 
out. The sliding slope down to the town was left to its natural evolution. The paper presents the results of the geomorphological and 
geotechnical analyses recently carried out to understand the whole landslide reactivation mechanisms. It is felt necessary to define 
an advanced geotechnical model of the landslide for quantitative evaluation of hazard and rational landslide risk management in 
the area.
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1. Introduction

In Italy many towns of historical and artistic im-
portance were placed on the tops of hills for defence 
or climatic reasons, and are usually difficult to ac-
cess [CROCE, 1985]. Many of them are now affected 
by very extensive landslides, due mainly to the mor-
phological evolution of slopes and changes in climat-
ic and environmental conditions.

From this point of view many relevant cases can 
be found in Southern Italy and Sicily, where soils are 
very heterogeneous and intensely tectonized. These 
soils, known as “structurally complex”, in Italy have 
been the object of experimental research aiming 
at the study of their mechanical characteristics for 
evaluation of the stability and the behaviour of the 
Civil Engineering works interacting with them [AGI, 
1997; AGI, 1979].

Slopes, where intensely tectonized clay forma-
tions outcrop, are often affected by very extensive 
landslides (surfaces of one or more km2) with medi-
um to high sliding surface depth. They usually move 
at a slow or very slow rate or are quiescent. Such land-
slides, nevertheless, can be reactivated and/or accel-
erate considerably, accumulating displacements of 

tens of metres within a few hours or days, causing 
serious damage to the towns and the infrastructures 
involved. The causes that determine reactivation or 
“sudden” acceleration of the displacements can be of 
various origins such as, for example, earthquakes, 
changes in climatic conditions or natural actions de-
riving from long-term tectonic evolution.

However, alongside the triggering factors, also 
the role of predisposing factors, according to Ter-
zaghi’s approach to the analysis of landsliding pro-
cesses are very important [TERZAGHI, 1950]. In t he 
case of landslides involving stiff and highly tec-
tonized clays, the predisposing factors are intense 
fissuring and inclusion of fractured rock blocks. In-
tense fissuring negatively affects the resistance of 
clays [PICARELLI et al., 2000 and 2003; VITONE et al., 
2011] and increases their permeability when discon-
tinuities open up because of unloading.

The inclusions of extensive blocks and layers of 
more or less fractured rocks can strongly affect seep-
age in the slope and the intensity of pore water pres-
sure. In this connection, when, due to accumulated 
rainfall, the system of rock discontinuities becomes 
saturated, the inclusions themselves act as aquifers, 
causing high pore water pressures at great depth.

These characteristics create the premises for the 
onset of land sliding processes that determine the 
breakup of huge bodies of tectonized clays along 
deep surfaces.

In the study of landslides in clays with a complex 
structure in Southern Italy, in the last few years sig-
nificant progress has been made with the develop-
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ment of research regarding characterization of the 
factors which determine landslides and the mecha-
nisms controlling their phenomenological manifes-
tations [PICARELLI et al., 2000]. The results obtained 
emphasise the complexity of the stress-strain process-
es developed inside these slopes because of the varia-
bility of the mechanical behaviour of the various lith-
ological types and because of the complex tectonic 
history, which has determined their present mor-
phology. Nevertheless, it is possible to recognize and 
quantify some of the main characteristics of the me-
chanical processes involved [COTECCHIA et al., 2014], 
through the application of purposely devised meth-
odologies and with the help of different specialistic 
competences.

The results of these analyses prove very impor-
tant for the fundamental knowledge that they can 
give and for the prospects that they open up in the 
field of applications for quantitative evaluation of 
landslide hazard and rational management of asso-
ciated risk.

Some of these problems are discussed with ref-
erence to the case of the historic town of San Fratel-
lo in Sicily, seriously damaged by a large landslide 
that occurred on February 14th, 2010 and caused the 
collapse of numerous buildings. After a short pres-
entation of the history of San Fratello and the physi-
cal characteristics of its site, the paper illustrates the 
results of the analyses carried out to design and ex-

ecute the stabilization works. Emergency safeguard-
ing measures were taken soon after the landslide oc-
curred in order to block uphill regression of move-
ments and secure the buildings and their inhabitants 
as swiftly as possible.

The paper also reports the results of accurate geo-
morphologic surveys recently carried out in order to 
achieve a comprehensive layout of movement evolu-
tion in the entire slope involved in the February, 14th 

2010 landslide. The need for new studies, investiga-
tions and monitoring programmes to be implement-
ed in order to undertake rational risk management 
of the San Fratello territory is discussed.

2. History and physical environment of San 
Fratello

San Fratello is a small town in the Nebrodi 
Mountains on the northern coast of Sicily, about 
700 metres above sea level. It is situated on the top 
of a narrow saddle in a commanding position for 
the control of communication between Palermo 
and Messina (Fig. 1). For this reason, it was inhab-
ited during the Greek and Roman ages, when it was 
named Apollonia. Destroyed during the Arab domi-
nation of Sicily, it was rebuilt in the 11th century by a 
group of soldiers from the North of Italy and France 
who conquered Sicily. They were led by the Norman 

Fig. 1 – View of San Fratello.
Fig. 1 – Veduta di San Fratello.
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Count Roger. The Normans built a fortress at San 
Fratello, whose defence was entrusted to Longobard 
and French mercenary troops.

Between the 11th and 12th Century near the for-
tress a village developed for the settlement of the 
families of garrison soldiers. In that time a wonder-
ful church was built in Byzantine style on the top of 
Monte Vecchio, very near to the archaeological site 
where the ruins of the Greek-Roman town were dis-
covered. The Middle Age town-planning survives al-
most intact in the old centre of San Fratello charac-
terized by picturesque paths of narrow streets and 
archways. In the 16th and 17th Centuries San Fratel-
lo was enriched with notable monuments. Among 
them the elegant cathedral, of which a wall, part of 
the floor and some columns still survive after the 
devastating landslide of 1922. San Fratello is famous 
in Sicily for its traditions and cultural heritage. One 
of the most singular and characteristic of these is 
the popular annual representation during the Holy 
Week. In the three days from Wednesday to Friday, 
hundreds of people go through the town streets and 
squares wearing gaudy coloured and arabesque pat-
terned dresses. With their heads and faces covered 
by grotesque masks, they make fun of the passers-by 
and sound characteristic trumpets, playing tradition-
al music. Then on the Holy Friday afternoon in a 
blank silence they follow the religious procession 
behind a precious 16th century statue of the Cruci-
fix. It is a very peculiar performance, a reminder of 
some heathen rites relived at Easter, when spring is 

coming back again. Because of their origin and tra-
ditions, the inhabitants of San Fratello speak a dia-
lect of Gallic origin, for which they were considered 
foreigners by the Sicilian people and named “the 
French”. They testify the passage of several domina-
tions and civilizations in Sicily.

At present, San Fratello is the only village in a 
very wide territory that extends from the coast of the 
Tyrrhenian sea to the Alcantara river valley in front 
of Mount Etna and includes the Nebrodi mountains. 
It is in the middle of large wood and it is the cen-
tre of an environmental and ecological system that 
could be susceptible to important developments. In 
fact one of the principal economic activities of San 
Fratello is the breeding of free grazing horses, cat-
tle, oxen, sheep, goats and swine which supply meat 
and cheese.

In particular, San Fratello is the principal centre 
for the breed of a horse, just named “of San Fratel-
lo”, which the tradition believes to go back to the 
Normans or, going further back in the time, to the 
Siculi the ancient inhabitants of this part of Sicily. 
The economy of the village and surrounding territo-
ry is underdeveloped and suffers of an endemic lack 
of financial support. However, if suitably organized 
and financially supported it could became the nucle-
us of a new economy based on the protection of the 
environment and the development of cultural tour-
ism and breeding of selected animals.

The slopes on both sides of the narrow ridge 
where San Fratello is situated were involved in very 

Fig. 2 – Geographical position of San Fratello and contours of larger ancient landslides.
Fig. 2 – Ubicazione geografica di San Fratello e contorni delle grandi frane del passato.



RIVISTA ITALIANA DI GEOTECNICA

10 AIRÒ FARULLA - CAFISO - CALVI - ROSONE

large landslides, which caused serious damage to 
buildings in the town and to the agricultural and 
breeding activities of the inhabitants. There is evi-
dence of three large landslides which happened in 
1754, on the eastern slope, and in 1922 and in 1986, 
on the western one (Fig. 2). The contour of the 1754 
landslides has been reconstructed on the basis of the 
few historical chronicles and present-day morpho-
logical evidence. According to some sources, it de-
stroyed the San Filadelfio fortress, one of the first 
medieval buildings in San Fratello.

The 1922 landslide involved the town centre, de-
stroying several buildings and the cathedral [CRINÒ, 
1922]. In the town centre on January 7th, 1922 very 
deep tension cracks appeared on the ground and 
the authorities commanded the citizens to leave the 
town. The following day in just a few hours the cen-
tral and western parts of the town slid down the slope. 
On the crest of the slide area, a 400 m long and 40 m 
high scarp appeared. Because of the severe damage, 
the authorities decided to abandon the area, mov-
ing the people to the village of Acquedolci, built for 
this purpose on the coast. However, the inhabitants 
moved back after the Second World War, exploiting 
the eastern slope as an expanding urban area.

3. The February 14th, 2010 landslide and emer-
gency management

In the winter of 2009-2010 the area of the Nebro-
di was affected by exceptional rainfall in terms of both 
intensity and duration, whose effects on the stability of 
the slopes were devastating. Giampilieri, Scaletta Zan-
clea, Caronia, Ucria and Sfaranda were some of the 

villages affected by extensive landslides of different 
types, which in some cases caused numerous fatalities 
and huge damage to buildings and infrastructures.

As shown in the diagram in figure 3, presenting 
cumulative yearly rainfall in the San Fratello area, in 
the hydrological years 1921-1922 and 2009-2010 the 
cumulative rainfall reached the value of 1500 mm/
year in comparison with a mean value (from 1921 to 
2010) of 900 mm/year.

On February 14th, 2010 the town of San Fratello 
was devastated by a very large landslide that affect-
ed an area of over 100 hectares, no fewer than 10 
of which inside the village centre. The crown of the 
landslide had a length of a little less than 1 km and 
the longitudinal development was about 1.5 km. The 
landslide damaged about 300 buildings in three dis-
tinct districts of the village, called Stazzone, Riana 
and San Benedetto (Fig. 4), over 200 of them serious-
ly (Figs. 5, 6) [CAFISO, 2013]. About a thousand resi-
dents, out of an overall population of four thousand 
inhabitants, were evacuated. The aqueduct, the sew-
erage and the road system (Fig. 7) inside the land-
slide area were destroyed. The contours of the Febru-
ary 2010 landslide are shown in the plan of figure 8.

A comparison between figure 2 and figure 8 
clearly shows that the slope failure appears to be 
broadly a reactivation of the 1754 landslide and the 
damage was particularly elevated because it affect-
ed the expansion area of the village, after the west-
ern part of the town was heavily affected by the land-
slides that occurred in the last century.

The mechanism of the landslide is very complex 
and of the “regressive” type. Information obtained 
from residents shows that the phenomenon began 
on February 12th in the zone indicated as 1 in fig-

Fig. 3 – Accumulated annual rainfall in San Fratello area.
Fig. 3 – Pioggia cumulata annua nell’area di San Fratello.
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Fig. 4 – Damaged districts and displacement control points.
Fig. 4 – Quartieri danneggiati e punti di misura degli spostamenti.

Fig. 5 – View of upper part of the landslide with some involved buildings.
Fig. 5 – Vista della parte alta della frana e di alcuni edifici danneggiati.
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ure 8 destroying some rural roads. The day after, 
the landslide affected zone 2 and also zones 3 and 6, 
where wide and deep tension cracks appeared in the 
ground. Finally, on February 14th in the morning the 
landslide reached zones 4 and 7, seriously damaging 
the San Nicolò Church, the junior school, hundreds 
of buildings (Figs. 5, 6a) and a large part of the in-
frastructures in the eastern part of San Fratello (Figs. 
6b, 7). Some months later cracks appeared in the 
buildings and roads in the urbanized area south of 
zone 4 (Monte Nuovo district, Fig. 4), in which the 

movement was presumably activated following the 
sliding of zone 4.

The landslide also struck the rural area where 
most of the farm buildings suffered very serious 
damage and the road system was completely devas-
tated, blocking agricultural, breeding and tourist 
activities.

The serious damage caused by landslide move-
ments induced the authorities to consider the possibil-
ity of the urban area of San Fratello being evacuated 
and relocated. This solution, however, caused a revolt 

Fig. 6 – Damaged buildings in Stazzone district a) and in rural area b).
Fig. 6 – Edifici danneggiati nel quartiere Stazzone a) e nell’area rurale b).

Fig. 7 – Destroyed road in landslide area.
Fig. 7 – Strada distrutta nella zona in frana.

a) b)
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of the whole community, which was deeply rooted in 
the territory and even involved strong social tensions.

As a consequence, the authorities decided to sta-
bilize the districts involved, avoiding further upward 
propagation of the landslide. Consistent with this 
choice, the Regional Civil Defence carried out ge-
ological and geotechnical investigations to acquire 
the necessary data for the planning and completion 
of the works to safeguard the inhabited area. Since 
the extension of the area affected by the landslide 
was huge, the surveys and the monitoring were main-
ly limited to the urban area involved and its imme-
diate environs, leaving the long slope down to the 
town to its natural evolution.

The investigation programme concerned the fol-
lowing: coring boreholes; geophysical surveys (seis-
mic and electrical tomography, seismic cross-hole, in 
a passive array and single station); laboratory tests on 
samples taken from the boreholes. A more detailed 
description of the investigations carried out can be 
found in CAFISO et al. [2011].

A simultaneous monitoring system was activat-
ed, to observe the evolution of the landslide and 
the effectiveness of the stabilization works to be 
carried out. The monitoring system consisted in 
the installation of numerous piezometers for eval-

uation of pore water pressures, inclinometers for 
measurement of deep displacements, and an in-
terferometer with SAR technology, located on the 
slope opposite San Fratello, to monitor ground sur-
face displacements in the whole eastern part of the 
inhabited area and, particularly, at 10 selected con-
trol points.

Subsequently, in December 2012 a continuous 
GPS survey of the ground surface displacements in 
a network of topographical points, situated both 
inside and outside the landslide, was activated 
(Fig. 4).

4. Geological and geotechnical characterization 
of the landslide

4.1. Geological layout

The inhabited area of San Fratello develops 
along a morphological saddle between outcrops of 
the Palaeozoic igneous and metamorphic units and 
those of the Sicilide Units (Fig. 9), involved in com-
pressive tectonic movements (nappes styles) in sever-
al phases between the middle of the tertiary era and 
the beginning of the quaternary era.

Fig. 8 – Map of the landslide with target points and displacement.
Fig. 8 – Contorni della frana con indicati i punti di riferimento e gli spostamenti misurati.
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Many of the lithologies outcropping in the land-
slide area, involved in tectonic displacements, are 
referable to Flysch sequences which are made up 
of alternations of sandstones, conglomerates, marly 
clays, siltites and limestones. They are found in cen-
timetric layers and in rhythmical alternating succes-
sions interrupted by strata of arenaceous or carbona-
ceous nature tens of meters thick. Specifically, on the 
eastern slope of the San Fratello ridge, the following 
formations associated with the Apennine Units are 
present in tectonic contact:
– Monte Soro Flysch (Sicilide Unit), consisting 

mainly of an alternation of quartzarenites and 
clays (MS);

– Scaly Clays (Sicilide-Cretaceous Complex), con-
sisting of marly clay flakes with interbedded lev-
els of limestones and marly limestones, of a thick-
ness ranging from a few centimetres to a decime-
tre (SC);

– Frazzanò Flysch (Metamorphic Unit-Upper Eo-
cene Complex), consisting of alternating sand-
stones and clays with interbedded layers of con-
glomerates, sandstones and gneiss (FF).
Monte Soro and the Frazzanò Flysch crop out on 

the edges of the area involved in the failure, where 
the bedrock formation consists almost exclusively of 
Scaly Clays (SC), altered in the upper part (SCa). 
In particular, the Frazzanò Flysch appears on the 
ground surface in the northernmost part of the Staz-
zone area.

On the Scaly Clay formation lies a saturated re-
moulded clay layer, with an average thickness of 10 
metres. It is formed by a more superficial portion 
of an eluvial-colluvial character and deposit of solid 
waste material added by man (FM), followed by sof-
tened and remoulded clays and siltites (RC), deriv-

ing from the Scaly Clays involved very probably in re-
petitive superficial landslides. The softened RC clays, 
in general textureless, sometimes include more or 
less large lumps of more consistent scaly clay.

Through the analysis of data obtained by piezom-
eter surveys and monitoring of the existing wells, it 
turned out that, at the time of the landslide and until 
the realization of the drainage system in the urban 
area, the water table was close to the ground surface. 
In San Fratello there are many wells, because by 
tradition, houses possess a private well. As report-
ed by inhabitants, the water level is usually very near 
to the ground surface in spite of the position of the 
town along a narrow ridge, delimited on the east side 
by the Inganno creek and on the west one by the 
Furiano creek (Fig. 2).

4.2. Geomorphological survey of the landslide

Recently, for a first in-depth examination of the 
kinematic evolution of the whole landslide, an accu-
rate survey of the geomorphological characteristics 
of the displaced ground surface down to the town 
area was performed. The various bodies into which 
the whole landslide had broken up and the types of 
movements that were involved were identified on 
the basis of the location of the fracture lines and by 
surveying distortions and relative displacements of 
the ground surface.

To this aim, very useful information was recov-
ered from the analysis of two ortho-photogrammet-
ric images of the territory before and after the event 
of February 2010.

The pre-event image comes from the official or-
tho-photogrammetric coverage of the Sicilian Re-

Fig. 9 – Geological sketch of San Fratello area (modified from Catalano et al., 2013).
Fig. 9 – Schema della carta geologica dell’area di San Fratello.
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gion with digital 25-centimetre-pixel aerial photos 
from an autumn 2007 flight; the post-event images 
originate from the WMS Service available at the Na-
tional Geoportal of the Ministry of the Environment 
constituted by digital 50-centimetre-pixel ortho-pho-
tos, acquired by an AGEA (Agricultural Support 
Agency) 2012 flight.

Comparison between the two images made it 
possible to identify the contours of the displaced 
area. Furthermore, 73 points (targets) were recog-
nized relating to single buildings or stretches of farm 
roads.

Figure 10 sketches the method used for displace-
ment measurements carried out by GIS procedures, 
using vector maps for the upper part of the landslide 
near the urban area and raster ortho-photo images 
for the lower part. The reference points were identi-
fied on maps on a 1:500-1:1.000 scale; displacement 
vectors were obtained by connecting the initial and 
displaced positions of each target identified. In or-
der to evaluate the accuracy of the method, consid-
ering an error of 1 mm in the points identified on 
the maps and summing the parallax error of the or-
to-photos, roughly a displacement of 1.5 m was be-
lieved to be the upper accuracy limit.

The analysis of the intensity and azimuth values 
of the displacement vectors made it possible to iden-
tify groups of points that moved in the same direc-
tion with similar horizontal movements. This made 
it possible to characterize the complex phenomenol-
ogy of the landslide with the distinction of zones that 
moved with different kinematic characteristics. It 
was observed that the zoning based on the displace-

ment analysis coincided with that achieved on the 
basis of the pattern of tension cracks and fractures 
surveyed on the ground surface.

The result was the identification of 7 zones, as 
shown in the plan in figure 8, with different behav-
iour in relation to the direction and amount of dis-
placements and different morphological characteris-
tics. Zone 6 was further divided into three sub-zones 
labelled as 6A, 6B and 6C in figure 11, where the 
mean calculated intensity and azimuth values were 
used to represent vectors characterising prevalent 
movement in each of the identified landslide zones.

The two figures very clearly show the regressive 
activity evolution of zones, 1, 2, 3 and 4, subdivided 
by evident fractures on the ground

With reference to figure 8 and figure 11, zone 
1 represents the toe of the whole landslide which 
moved first, as was reported by witnesses, two days be-
fore movements reached the inhabited zones at the 
top of the valley. This zone presents the highest dis-
placement values, which collect in the range between 
35 m and 56 m with an average value of 47 metres. 
The azimuth of the movements is around 62°, with 
some modest variations along the right edge and at 
the toe zone. This zone of the whole landslide moved 
as a translational slide evolving in a mudslide at the 
toe, that flowed between two torrential incisions.

Zone 2 represents both a regression upslope 
and an enlargement of the crown of zone 1. It is well 
identified because the displacements in the zone 
are relatively uniform with minor scattering around 
the mean value of 30 m; furthermore, their direc-
tion varies slightly around the mean azimuth value 

Fig. 10 – Multi-temporal analysis detail. The red line comes from the 2007 survey and the blue line from the 2012 one.
Fig. 10 – Particolare dell’analisi multitemporale. Le linee rosse si riferiscono al rilievo del 2007, quelle blu al rilievo del 2012.
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of 65°. The movements can be associated with a rigid 
translational slide, connected kinematically to zone 
1 through a regressive effect.

Zone 3 is very wide and before the February 2010 
landslide it housed numerous farms, summer resorts 
and a complex network of farm roads which suffered 
tremendous damage. There were also collapses of 
the masonry structures, strong tilting of buildings 
with reinforced concrete frames and almost total de-
struction of roads. The average value of the displace-
ments was almost 20 metres with a mean azimuth of 
around 70°, as represented in figure 11.

Zone 3 expands between two very evident mor-
phological asperities already present before the 
event of February 2010. These morphological laps-
es in the slope are probably due to the presence of 
a “rigid” substratum constituted by rock blocks. As 
will be discussed later, the hypothesis of the landslide 
mechanism gives a fundamental role to the presence 
of “rigid blocks” in the slope geology. According to 
the Cruden and Varnes [CRUDEN et al., 1996] classifi-
cation, the type of movement in zone 3 can gener-
ally be considered as translational in character with 
some mud flows appearing on the right boundary of 
the middle part of the zone.

Zone 4 is the crowning part of the right side of 
the principal landslide, and touched the area of the 
San Benedetto district in the town area. The direc-
tion of the movements detected presents a distribu-
tion consistent with the course of the lower bodies 1, 
2 and 3. On the left side of the toe zone, the displace-
ment direction veers northward (azimuth equal to 
around 45°). It is likely that the change of direction 
is due to the underground presence of a more resist-
ant block with significant thickness: this detail again 
supports the importance of “rigid blocks” in the 
landslide mechanism formerly hypothesized. The 
displacements have mean values of 12 m, as indicat-
ed in figure 11.

Zone 5, isolated and limited in surface area, rep-
resents a complex landslide of the slide-flow type. Its 
presence indicates one of the principal factors that 
could have conditioned the kinematics of the over-
all landslide: it almost certainly developed along the 
direction of a weakness in the subsoil, probably in-
dicating the presence of a discontinuity or a trench 
that separates more rigid portions. The same course 
can be recognized in body 4 along the right edge.

Zone 6 delimits the left sector of the landslide 
and, as already observed, presents less homogeneous 

Fig. 11 – Map of mean displacement vectors in the landslide zones.
Fig. 11 –Vettori degli spostamenti medi nelle diverse zone della frana.
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characteristics and, almost certainly, secondary acti-
vation compared to the movements of the right por-
tion. In general, great variability of the amount of 
displacement and azimuths is observed.

As already underlined, it is possible to recog-
nize three sub-zones with uncertain limits, charac-
terized by relative homogeneity in the displacements 
(Fig. 11).

Sub-zone 6A presents displacements having di-
rection similar to those recorded for zones 1 and 2, 
but with lower intensity. From the characteristics of 
the morphology of the ground surface before the 
event, a topographical layout of the slope consist-
ent with the displacement direction can be recog-
nized.

By contrast, zone 6B clearly behaves differently 
from the displacement of bodies 1, 2, 3 and 4, be-
cause the azimuth values are around 90°. However, 
the zone is affected by numerous sub-parallel cracks 
which have the same direction as those present in 
the right part of the landslide (N-S direction). The 
intensity of the displacements is characterized by an 
average value of 16 metres.

Lastly, in zone 6C minimum lengths of displace-
ment are recorded (mean value in the order of 2 m), 
often not appreciable with the method used. The di-
rection on average exceeds 90°, following the course 
of the slope.

The analysis methodology did not make it possi-
ble to detect any displacement in zone 7, despite the 
major damage recorded there, in terms of seriously 
damaged and demolished buildings and destroyed 
infrastructures [CAFISO, 2013].

In conclusion, as a summarizing overview con-
cerning the spatial distribution of evaluated dis-
placements, it is possible to observe that, in gen-
eral, they increased towards the valley with values 
exceeding 50 metres in the toe zone. Furthermore, 
the right side of the landslide showed homoge-
neous groupings of targets well separated by the 
principal fracture zones. The left side was instead 
more heterogeneous and showed lower values of 
displacements, with maximum values just above 20 
metres.

Considering the azimuths of the movements, 
for the right side there is a mean value of about 
65°, which is constant from the valley upwards, 
with a slight anticlockwise rotation from 70° at the 
crown to 62° at the landslide toe. On the left side, 
instead, greater variability was observed with a gen-
eral tendency towards values close to an azimuth 
of 90°.

Furthermore, some extreme values are found in 
comparison to the principal directions, which are re-
corded above all in relation to localized movements 
often situated at the foot of the single zones.

Fig. 12 – Typical stratigraphic and inclinometer profiles. 
Fig. 12 – Profilo stratigrafico ed inclinometrico tipo.
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4.3. Geotechnical properties of involved soils

As previously outlined, the geotechnical investi-
gations were developed chiefly in the area of the San 
Benedetto, Riana and Stazzone districts, the first ly-
ing in zone 4 and the others in zone 7 (Fig. 8), in 
which most of the damage occurred.

The “typical” stratigraphic profile (Fig. 12) does 
not significantly differ between the three districts. 
The base formation soils, prevalently pertaining 
from a geological point of view to the Scaly Clay For-
mation (SC), are made up of very stiff and highly fis-
sured marly clays. A thick network of discontinuities 
subdivides the soil into small hard clayey fragments 
(scales), with dimensions between a few millimetres 
and a centimetre.

A thin layer of altered scaly clays (SCa) is inter-
bedded between the hard marly clays and the over-
laying layer of softened and remoulded clays (RC), 
deriving from the scaly clays being subjected to in-
tense weathering and softening processes. The top 
soil (FM) is made up of clayey detritus and solid 
waste material of very different origin. The thickness 
of the superficial layer of the FM and RC soils is var-
iable but never more than 10 metres.

The depth of the failure surfaces in the three dis-
tricts was identified on the basis of the inclinometer 
profiles and by analyzing the pattern of variation with 
the depth of natural water content obtained from 
samples recovered by continuous borings (Fig. 12). 
The average depth proved to be about 10-12 metres. 
Sliding surfaces developed inside the altered layer 
of the base formation (SCa) in the San Benedetto 
and Riana districts, while in the Stazzone district the 
sliding surface was situated near the point of contact 
between the superficial cover (FM and RC) and the 
altered marly clays of the base formation (Fig. 12).

With reference to the physical and mechanical 
properties of the marly clays, laboratory tests showed 
that the fragments, as a rule, did not disintegrate by 
simple immersion in water, but only after prolonged 
treatments of wetting and drying cycles. Grain size 
analyses of untreated material showed grain sizes 
prevalently in the range of sand and gravel with only 
minor fractions in the range of silt. Clayey fractions 
(d< 0.002 mm) were as a rule lower than 10%.

Usually the clay has very low plasticity: liquid lim-
it values collect in the range of 23 ÷ 57% and plas-
ticity index values are in the range 7 ÷ 41%. In some 
cases it was not possible to determine the Atterbeg 
limits.

The water content of marly clays in situ is in the 
range 6 ÷ 17%; these values are, of course, lower 
than plastic limit values. However, as shown in figure 
12 on the sliding surface the water content signifi-
cantly increases.

The results of direct shear tests carried out on 
SC samples are collected in figure 13. As is usual for 
these materials, peak shear strength values spread 
in a wide area on the τ - σ’ plane. The variability of 
the results collected, as proved by numerous pieces 
of experimental research [AIRÒ FARULLA et al., 1984, 
1993 and 2014; AGI, 1979] is a rule and it derives 
from the particular material structure at the scale 
of the sample volume (relative orientation of scales 
with respect to the imposed shear displacement) and 
the contrast between shear strength of intact clay 
and resistance of the discontinuity surfaces. Howev-
er, in the diagram in figure 13 it is evident that very 
significant variability also involves the results of the 
residual shear strength values, obtained by direct re-
versal shear tests. Indeed, the values of the residual 
shear strength angle vary between 16° and 23°, while 
the effective residual cohesion drops to zero. These 

Fig. 13 – SC soils. Results of direct shear tests.
Fig. 13 – Terreni SC. Risultati delle prove di taglio diretto.

Fig. 14 – RC soils. Results of direct shear tests.
Fig. 14 – Terreni RC. Risultati delle prove di taglio diretto.
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results could be considered as a consequence of two 
chief factors: 1) stiffness of hard clayey fragments, 
determining a mechanism of “turbulent shear” in 
residual conditions on the imposed sliding surface 
[LUPINI et al., 1981]; 2) strong variability in the plas-
ticity index of SC samples.

It is of some interest to consider the data repre-
sented in the diagrams in figure 15: the points rela-
tive to the envelopes which limit the range of residu-
al shear strength variability are coherent with results 
collected from various international sources in the 

residual shear strength angle versus plasticity index 
diagram [LUPINI et al., 1981]. For both peak and re-
sidual shear tests the range of the effective normal 
stress was 100-300 kPa, embracing the average values 
of effective normal stress on sliding surfaces consid-
ered in the back analyses, as discussed below.

In the results of peak and residual shear strength 
parameters determined by direct shear tests on RC 
samples, the variability ranges are still wider (Fig. 14). 
To account for these results one can invoke the wide 
variability of composition and texture which is char-
acteristic in the strongly remoulded and softened su-
perficial clays.

Back analyses were carried out in order to eval-
uate the shear strength mobilized at failure along 
the slip surfaces identified in the three districts. The 
analyses were carried out using the Spencer meth-
od (non-circular sliding surfaces) assuming a piezo-
metric surface coinciding with the ground surface 
(Fig. 16). As previously outlined, this hypothesis re-
lies on the results of water level surveys carried out in 
private wells in the days immediately after the land-
slide and water level measurements at the installed 
piezometers.

The shear strength parameters mobilized at fail-
ure, are c’m = 0 and ’m = 20°, for each of the three 
cases considered.

Although these values are compatible both with 
the residual shear strength results pertaining to SC 
and with the peak shear strength of the RC samples, 
it has to be considered that this coincidence could be 
a chance one, because of the complexity and major 
heterogeneity of the marly clays involved, both in the 

Fig. 15 – Residual strength of SC and RC soils: correlations 
with plasticity index [LUPINI et al., 1981].
Fig. 15 – Resistenza residua dei terreni SC e RC: correlazione con 
l’indice di plasticità.

Fig. 16 – Geotechnical section assumed for the back analysis of the landslide in Stazzone district.
Fig. 16 – Sezione geotecnica assunta per l’analisi inversa della frana nel quartiere Stazzone.
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undisturbed state and in the more or less weathered 
and remoulded one. At present back-analysed values 
have to be considered representative of the opera-
tive shear strength mobilized on the sliding surfac-
es, probably deriving from the different physical and 
mechanical properties of the soils involved and the 
different mechanisms triggering movement reactiva-
tion. In this respect, the role of rock block and strata 
inclusions and the presence of layers of more or less 
bonded sandy materials, could have a very significant 
influence on the operative strength of the marly clays.

5. Stabilization works

The design of the stabilization works was linked 
to the decision to safeguard the town by blocking 
the upslope regression of soil movements and at the 
same time improving the stability of the urban area 
already reached by the landslide.

On the basis of these considerations, the 
planned works, which are still in progress, were de-
vised according to two lines of defence: retaining the 
upslope soils by means of massive retaining struc-
tures placed just above the rear landslide scarps in 
zones 4 and 7; lowering the ground water level in 
the town site by a network of trench drains and se-
cant drainage piles. The layout of the stabilization 
works is shown in figure 17. In addition, the most 
seriously damaged buildings, among which the new 
cathedral, were demolished, while the others were 
repaired and strengthened or are being monitored. 
It could be worth noting that the stabilization works 
have been completed in zone 7 and are in an ad-
vanced phase or still in progress in zone 4.

Fig. 17 – The designed stabilization works.
Fig. 17 – Le opere di consolidamento progettate.

Fig. 18 – Trench drain and circular structural caisson.
Fig. 18 – Trincee drenanti e pozzi strutturali.
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The retaining structures, set along the bounda-
ry of the urbanized area, include circular structural 
caissons, placed at a distance of 22 m, with an exter-
nal diameter of about 12 m and a depth of about 24 
m (Fig. 18). The caissons were built inside a ring of 
piles with a diameter of 800 mm and a length of 28 
m (Fig. 18). The caissons were connected by semi-
circular pile walls consisting of piles with a diameter 
of 800 mm and a length of 28 m (Figs. 17 and 19). 
Just behind the retaining structures, secant drainage 
piles were placed in permeable concrete (no fine 
concrete), with a diameter of 600 mm and a length 
of 12 m, located at intervals of 45 cm (Figs. 18 and 
20). The purpose of the secant drainage piles was 
to avoid excavation in the moved zones. Micro-per-
forated pipes, 4 m in length, set at different depths 
enabled hydraulic connection between the secant 
drainage piles and the structural caissons (Fig. 18).

In the town, along some streets aligned with the 
rear scarps of slide areas, some trench drains 5 m 
deep were built using permeable concrete. In or-
der to defend the stability of the buildings standing 
on both sides during trench excavation and to lim-
it foundation movements induced by drainage, pile 

walls were built, formed by two rows of piles with a 
diameter of 600 mm and a length of 21 m connected 
by a reinforced concrete beam. Trench drains were 
excavated between the two pile walls. The trench 
drains were connected to the structural wells by 
means of secant drainage piles.

The results of the measurements of the displace-
ments on the ground surface and deep down, and 
the surveys carried out in the piezometers allow us to 
appraise the effectiveness of the stabilizing works al-
ready carried out in zones 4 and 7.

The results of interferometer monitoring of the 
urban areas affected by the landslide (where the safe-
guarding actions have already been completed or are 
in an advanced phase) proves that the displacements 
have practically been stopped. For example, figure 
21 shows the displacement/time diagram of the con-
trol points; the effects of the stabilization works are 
evident: the displacements have been reduced very 
much since autumn 2011, when the structural cais-
sons and drainage systems were put in place.

The GPS monitoring results are illustrated by the 
displacement/time diagrams in figure 22: they show 
no appreciable displacement at the GPS points. In 

Fig. 19 – Some circular structural caissons completed in the Stazzone district.
Fig. 19 – Pozzi strutturali completati nel quartiere Stazzone.
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this respect, the total 1.5 cm displacement between 
February and May 2013, identical for all monitored 
points, was interpreted as a consequence of transla-
tion of the reference point, sited on the slope oppo-
site San Fratello.

Unfortunately the piezometer and inclinometer 
monitoring was stopped in March 2013 due to ad-
ministrative problems. On the basis of the last da-
ta acquired, the deep displacements also appear to 
be tending to stop. The ground water level seems to 
have been lowered to the depth of 3-4 metres from 
the ground surface in the Riana and San Benedetto 
districts; measurements in the piezometers installed 
in the Stazzone district give conflicting results that 
are not easy to interpret. Nevertheless, the water 
levels have not risen to more than 1-2 m from the 
ground surface.

However, most of the landslide was left to its 
natural evolution. Knowledge of the soil character-
istics, mechanisms and state of activity of landslide 
down to the town site is scanty or inexistent. At pres-
ent no one could reliably hypothesize what scenar-
ios could appear if rainfall should achieve the in-
tensity of that of 1921 and 2009 and what effects 
they could have on the stability of the valley and the 
performance of the remedial measures which have 
been carried out.

Moreover, farming, breeding and tourist activi-
ties on the wide slope down to the town have stopped 
or been significantly reduced, inducing new losses 
and problems for the already poor economy of San 
Fratello.

In the light of all these considerations it seems 
very useful (or perhaps necessary) to continue the 
studies in order to define a model of the mecha-
nisms controlling movement reactivation in the 
whole landslide, achieve quantitative hazard assess-
ment and develop rational management of the land-
slide risk in this part of Sicily. In the next sections 
some steps in this process of analysis, investigation 
and monitoring are presented and discussed.

6. Analysis of the landslide mechanisms on the 
whole slope

6.1. First geotechnical evaluations on the basis of the 
LEM

For the purpose of investigating the failure 
mechanisms of the landslide, in addition to displace-
ment analysis and survey of the geomorphological 
characteristics, an analysis of the stability conditions 
of the whole slope was performed with reference to 

Fig. 20 – No fine concrete secant piles in progress.
Fig. 20 – Fase di esecuzione dei pali secanti in calcestruzzo alveolare.
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the longitudinal section, shown in figure 11, placed 
in line with the axes of zones 1, 2, 3 and 4.

Back analyses were carried out with the Lim-
it Equilibrium Method with the objective of verify-
ing the indications on the intensity of the pore water 
pressures and mobilised shear strength derived from 
the analyses performed for the top slope, where the 
landslide was better defined from the geotechnical 
point of view due to the investigations already car-
ried out.

A first evaluation of the course of the topograph-
ical surface indicates that the average inclination of 
the slope with respect to each of the four zones, is 
relatively uniform and corresponds to an inclination 
of around 10°. At the points of contact between the 
different zones significant morphological gaps are 
found (already present before the reactivation of 
February 2010), showing differences in height in the 
order of 40-50 metres and mean slope inclinations 
above 40°.

Due to the lack of direct measurements of pore 
water pressures on the stretches of slope analyzed, 
their intensity was estimated considering a pore wa-
ter coefficient ru, equal to 0.48, calculated with ref-
erence to steady water seepage on a long slope in-
clined 10°, with flow lines parallel to the slope sur-
face and water table at the ground surface.

The analyses were performed for the different 
zones aligned along the section, exploring deep 
slide surfaces that prevalently affected the stiff and 
highly fissured marly clays of the base formation or 
its altered more superficial part.

Specifically, through some trials the surface 
shown in figure 23 was identified, on average 20 m 
deep, characterized by a safety factor close to uni-
ty (F = 0.97), assuming ru = 0.48 and a value of the 

mobilized shear strength angle equal to ϕ’m = 20°. 
In particular, initially, back analyses were performed 
starting from the toe zone 1 and considering each 
of the zones aligned along the considered section 
(Fig. 11). For each zone the sliding surface charac-
terized by a safety factor equal to 1 (or very close 
to 1) was determined by assuming ru = 0.48 and ϕ’m 
= 20°. The sliding surfaces identified for each land 
slipped body have an average depth in the order of 
20 m, except for the strips near their own top where 
the depth increases moderately (maximum incre-
ment 6 m for zone 3). In zone 4 the depth of the 
sliding surface at the top was fixed at 10 m on the ba-
sis of information available there.

It is evident that the analyses were carried out 
considering that the movement reactivation initial-
ly involved zone 1, comprising the toe of the land-
slide, and regressively the whole slope. It is also evi-
dent that the analyses were developed on the basis of 
the results recovered from the analyses carried out 
in the Stazzone, Riana and San Benedetto districts, 
where the sliding surfaces were defined more accu-
rately [CAFISO, 2013; AIRÒ FARULLA et al., 2013], by as-
suming the mobilized shear strength angle equal to 
ϕ’mob = 20° and the piezometric line very close to the 
ground surface (ru = 0.48).

From these results two chief conclusions can be 
made: the pore water pressures at the reactivation 
time were very intense and compatible with a piezo-
metric surface very near to the ground surface; the 
operative shear strength of the marly clays repeated-
ly proves to be close to 20° on the different sliding 
surfaces considered.

6.2. Possible actions for reduction of the landslide hazard 
on the whole slope

The stability analyses were repeated, with refer-
ence to the slide surfaces previously illustrated, in 
order to appraise the achievable increases in the 
safety factor of the whole slope through remedial 
measures to be carried out on the lower part of the 
landslide.

For this purpose the hypothesis was made that 
through a drainage system, a reduction could be 
made in the piezometric surface in bodies 1 and 2 
of a depth of 5 m for a length beginning from the 
toe and proceeding upwards several hundred metres 
(exactly 460 m in the case being considered).

In these conditions, the safety factor of both 
bodies 1 and 2 (considered separately) and that of 
the whole slope (down to the structural wells built 
to safeguard the town) take on a value equal to F ≈ 
1.14. This value of the safety factor, though modest, 
can be sufficient to obtain significant reductions in 
the velocities of the displacements, as often observed 
onsite and well documented in the technical litera-

Fig. 21 – Displacement-time of SAR interferometer con-
trol points.
Fig. 21 – Diagrammi spostamento-tempo dei punti di misura 
SAR.
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ture regarding the activity of landslides with slow kin-
ematics [CARTIER et al., 1988].

7. Discussion of the results and new directions 
of study

The results of morphological landslide survey 
and displacement analysis make it possible to iden-
tify zones that have moved with different character-
istics as regards the intensity of the total displace-
ments and their direction. Despite the preliminary 
character of these analyses and the influence that lo-
cal factors may have had on the characteristics of the 
displacements of some of the targets identified, most 
of the measurements show substantial consistency 
for each zone and therefore they can be considered 
reliable on the whole.

A non-negligible detail is the fact that the subdi-
vision of the landslide body into various zones on the 
basis of calculated displacements agrees with the pat-
tern of major fractures surveyed.

Apart from local morphological conditions, on 
the whole the average inclination of the extended 
slope is not very variable and for long stretches it is 
in the order of 10°.

The presence of some morphological gaps on 
the slope surface before the reactivation, can be in-
terpreted as a manifestation of possible variations in 
the characteristics of the underlying soils.

As already observed, it is very likely, as verified 
in the investigation of upslope zones, that inside the 

clayey masses there are more or less large blocks of 
fractured rocks that would have a major influence 
on the mechanisms controlling slope failure and 
successive reactivation episodes. Consequently, they 
could have interfered significantly with the develop-
ment of the sliding surfaces in the various zones ow-
ing to their stiffness, and with the regime of pore wa-
ter pressures because of the discontinuities they are 
intersected by. With reference to the latter factor, as 
previously underlined, they can act as preferential 
infiltration paths determining the formation of wa-
ter reservoirs at almost hydrostatic conditions main-
taining high pore water pressures down to a consid-
erable depth.

In accordance with this, the analyses carried 
out on the basis of the Limit Equilibrium Method 
showed that for the whole landslide body, during the 
reactivation, the intensity of the pore water pressures 
down to great depths would have been very high.

This situation can be accounted for by consider-
ing that 2009 was a very bad year in Sicily from a hy-
drological point of view. September 2009 was prob-
ably the rainiest month in Sicily in the last century. 
In the San Fratello area, the rainfall accumulated in 
the year between September 2009-August 2010 came 
close to the value of 1500 mm, as happened in 1921 
before the large landslide that in January 1922 af-
fected the western slope (Fig. 2). The average rain-
fall value is 900 mm, as shown in the diagram in fig-
ure 3, which represents the accumulated annual 
rainfall in the area. With reference to figure 3, also 
to be highlighted is the increase in the annual rain-

Fig. 22 – Displacement-time of GPS control points.
Fig. 22 – Diagrammi spostamento-tempo dei punti di misura GPS.
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fall in the decade 2000-2009 in comparison to the 
regressive trend of the previous 50 years. These cli-
matic conditions obviously could have increased the 
level of the perched water table in the rock inclu-
sions, inducing a general increment in pore water 
pressures in the whole slope.

Hence a triggering factor of the reactivation of 
the landslide can reasonably be identified in the par-
ticular intensity of the pore water pressures associat-
ed with the intense rainfall of the 2009-2010 winter, a 
year in which, in Sicily, a large number of landslides 
were reactivated in clayey formations with a complex 
structure of the type considered here.

In the light of current knowledge it is not possi-
ble to exclude other causes having been active and 
contributing to the reactivation of the displacements 
of the whole landslide body.

To this aim it is worth underlining that in Sicily, 
tectonically disturbed areas are those most at risk of 
large landslides, as illustrated by the data collected 
in the inventory of landslide phenomena compiled 
for the Hydrogeological Setting Plan- Landslide Risk 
of Sicily. As shown in figure 24, in Sicily most of the 
landslides are concentrated along tectonic thrusts 
and major transpressional faults.

In detail, in the San Fratello area the concen-
tration of events is noticed at the intersection be-
tween the principal thrust, directed NW-SE, between 
the Palaeozoic igneous and metamorphic Unit and 
the Sicilide Units, and the secondary thrust, direct-
ed N-S, inside the Flyschoid sequences of the Scaly 
Clays and the Monte Soro Formation.

Both slopes of the San Fratello morphological 
saddle are modelled by very large landslides with a 
retrograde course, having local partial reactivations 
(relatively superficial slides) with almost annual fre-
quency, and general reactivations occurring with a 
frequency of 100-200 years.

Thus, a very interesting scenario is delineated 
which is susceptible to in-depth examinations on the 
basis of some interesting research results collected in 
Italy with reference to the large landslides affecting 
structurally complex clay formations in the Apen-
nines [COTECCHIA et al., 2014; PICARELLI et al., 2003].

Indeed, it is possible to begin to implement ra-
tional landslide risk management based on quanti-
tative hazard assessment using interdisciplinary ap-
proaches (geological, morphological and geotechni-
cal) to the analysis of the factors governing the sta-
bility of the slope in question and, accordingly, the 
triggering causes of landslides.

At present such studies cannot be carried out 
for the case being examined because the necessary 
information for most of the landslide body is una-
vailable. It is therefore necessary to formulate a new 
programme of investigations and a new monitor-
ing plan for detailed analysis of the slope factors for 
the whole landslide. So, investigations can be effec-
tively programmed relying on the results of the ge-
omorphological analyses previously referred to. To 
this aim, for example, for the geo-structural arrange-
ment it would be advantageous to use appropriate 
geophysical investigations extended to the whole 
landslide body, conveniently calibrated on the ba-
sis of bore holes carried out on selected points. Be-
sides, for each of the active zones it would be neces-
sary to install inclinometers for measurement of dis-
placements deep down and to equip some verticals 
with piezometers installed down to a greater depth 
(at least 30 metres). For measurement of the surface 
displacements a GPS technique would allow control 
of a large number of topographical points at a rela-
tively low cost.

The new information should be used to prove 
the soundness of the hypotheses formulated here on 
the basis of the available evidence and to verify the 

Fig. 23 – Geotechnical section assumed for the back analysis of the section A-A’.
Fig. 23 – Sezione geotecnica A-A’ assunta per l’analisi inversa.
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values of the shear strength parameters mobilized 
during the reactivation and the pore water pressure 
intensity obtained with the analyses already carried 
out.

On the basis of these results the modelling of 
the behaviour of the whole landslide body with ad-
vanced numerical techniques (for instance with FEM 
using constitutive models that are adequate for the 
aims of the study) would more confidently highlight 
the mechanisms through which remobilization of dis-
placement comes about, identifying the indicators of 
the crisis conditions that periodically lead to the reac-
tivation of displacement in the whole landslide body.

Continuing the studies with reference to the 
whole landslide body is useful and necessary for nu-
merous reasons, such as ensuring/verifying the ef-
fectiveness and efficiency of the safeguarding meas-
ures already carried out and developing rational 
landslide risk management in the area, taking so-
cio-economic aspects into consideration and aim-
ing at allowing the existence of rural activities on the 
wide slope affected by the landslide.

In conclusion, it is necessary to promote the tran-
sition from emergency management to risk manage-
ment through quantitative hazard evaluation.

If we succeeded in defining this study process 
for the eastern slope, it is right to also think about 
extending the hazard assessment and risk manage-
ment to the slope of the western part of the saddle 
on which San Fratello lies. On the basis of the results 
of these studies one could also highlight scenarios to 
orientate the general urbanistic choices of the local 
council.

8. Conclusions

The case of San Fratello is similar to that of many 
old towns and villages in Sicily and the rest of Italy, 
located on hilltops and mountains that, during the 
centuries have been involved in extensive and recur-
rent landslides, due to the evolution of long-term ge-
ological processes and the added effects of climate 
change and environmental conditions.

The will of the inhabitants of these places to 
maintain the original sites when their survival is 
threatened by the reactivation of these landslides, 
leads to emergency actions to safeguard the build-
ings and the social activities present in the territories 
involved. The urgent request is to prolong the exist-
ence of this immense heritage of inestimable value 
not only from the urbanistic, architectural and so-
ciological point of view but also from the economic 
one. This is because the traditions, the customs and 
economic activities of these small communities are 
rooted in the past and are believed to be strictly con-
nected to the territory.

The progress made in the field of geotechnical 
engineering in the study of the mechanisms that de-
termine the activation of these large landslides and, 
particularly, the results of numerous, research pro-
jects carried out in Italy since the middle of the last 
century, make it possible today, to initiate a reliable 
transition from onerous emergency management to 
more advantageous and sustainable management 
of landslide risk, based on quantitative evaluation 
of the hazard associated with such landslides. This 
would be possible as the authorities who are respon-

Fig. 24 – Distribution of slides and main tectonic lines in Sicily, according to P.A.I. (Hydrogeological Setting Plan- Landslide 
Risk) landslide inventory.
Fig. 24 – Distribuzione delle frane e delle principali linee tettoniche in Sicilia (P.A.I. della Regione Sicilia, Censimento delle frane).
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sible for making these changes have a new awareness 
of the situation.

The developments achieved in recent years from 
both the theoretical and technological points of view 
make it possible to consider the problem as solvable 
and also very advantageous, regarding the resources 
required to make these areas safe.

Therefore, the decision to safeguard San Fratel-
lo is important from a cultural, social and economic 
point of view, because it could be an interesting at-
tempt to maintain and support a social and econom-
ic organization in a typical Sicilian habitat, based on 
the development of the territory and its tradition-
al economic activities like agriculture and breeding. 
Besides, it is believed that landslide risk mitigation 
in this part of Sicily could be achieved at sustaina-
ble costs if rigorous and purposely devised territori-
al management is implemented by the relevant au-
thorities. Of course, rather than a scientific or tech-
nical question, it is a matter of an improved social 
and political consciousness that sustains that the de-
fence of the territory is a gain rather than a loss of 
money.
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La salvaguardia degli antichi borghi 
minacciati da frane: il caso di San 
Fratello in Sicilia

Sommario
San Fratello è un piccolo paese sui Monti Nebrodi in Sicilia, 

ricco di storia e di antiche tradizioni culturali. Sorge su di 
una stretta sella fra due ampie vallate, sulle cui sponde si sono 
verificate nel 1754, 1922, 1986 e 2010 estese frane, che hanno 
causato gravi danni e distrutto numerosi edifici storici del paese. 
In particolare, la frana del febbraio 2010 è in larga parte la 
riattivazione di quella del 1754, e ha interessato l’esteso pendio 
che delimita ad est il centro abitato. Essa ha distrutto la gran 
parte delle infrastrutture ricadenti sul versante (acquedotto, 
fognatura, strade) e danneggiato gravemente più di 200 edifici, 
causando l’evacuazione di circa un migliaio di abitanti su di 

una popolazione residente di quattromila persone. Per la gestione 
dell’emergenza e in risposta alle forti tensioni sociali determinate 
dal disastro, la Protezione Civile Regionale ha deciso l’esecuzione 
di interventi per bloccare la regressione verso il centro abitato della 
frana e assicurare la sopravvivenza del paese. Le opere sono state 
eseguite lungo il coronamento della frana nella periferia orientale 
del paese, lasciando alla sua naturale evoluzione il pendio a valle. 
L’articolo, dopo una breve presentazione dell’ambiente fisico in 
cui si è sviluppata la frana del febbraio 2010, dei risultati delle 
indagini e delle caratteristiche delle opere di stabilizzazione, presenta 
i risultati dei rilievi morfologici di dettaglio e di alcune preliminari 
analisi di stabilità, recentemente eseguiti per definire i meccanismi 
che hanno determinato la riattivazione della frana. Si delinea, 
quindi, il percorso degli ulteriori studi necessari per avviare, 
attraverso la definizione di un modello meccanico dei processi che 
determinano l’evoluzione delle condizioni di stabilità dell’intero 
versante, la gestione razionale del rischio di frana, anche per evitare 
gli ingenti costi di gestione dei programmi di emergenza.




