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‘…Modern architects seem to have lost the taste of solidity.
It is doubtful whether their works can sustain the assault of three centuries…’ **
Francesco Milizia, Principi di Architettura Civile, Roma, 1781

Summary
The following overview, carried out from a geotechnical perspective, concerns the main engineering issues that should be addressed for the development of a medium and long-term large-scale seismic prevention plan in the historic villages of Central Italy,
where frequent earthquakes risk destroying forever the rich historical heritage of art and culture that constitutes their charm and attractiveness. Earthquake after earthquake, their original configuration has in many cases, in whole or in part, dissolved, with serious
consequences for the entire country, which, at each earthquake, loses a piece of its history and uniqueness.
But earthquakes are not a destiny. The knowledge accumulated in this part of Italy indicates that their effects are predictable and
preventable.The investigations of the massive damage produced by the seismic sequence of 2016-2017 showed that the catastrophic
effects observed in most of the historic settlements are linked to a plurality of factors intricately interconnected: the characteristics of
earthquakes, the morphological and geotechnical conditions, the vulnerability of ancient masonry buildings and medieval territorial
systems, the time elapsed since the last earthquake, the past local political and social responses, the level of awareness of the population, and so forth. A prevention strategy, specifically designed for these unique realities in the seismic scenario of advanced seismic
countries, requires an in-depth knowledge of a large number of elements that involve many technical disciplines and humanities,
which together must contribute to achieving the same single goal: the creation of safe conditions for human life and the preservation
over time of a rich historical and landscape heritage.
This work aims to examine with an enlarged engineering vision the interrelationships between the various factors and the contributions of geotechnical engineering. It wishes also indicate some lines of research that require more in-depth analysis by geotechnical
engineers, regarding the local traditional foundation techniques and the opportunity of specific construction and repair regulatory
indications. These insights appear indispensable to intervene correctly in sites characterised by a long history of civilization and to
transmit their specificity intact to new generations, making them at the same time compatible with the needs of an advanced society.

1. Preservation of historical villages: a mandatory commitment
The ancient villages of the Apennine chain,
which fall within the regions of Tuscany, the Marche,
Umbria and Lazio1, constitute one of the most fascinating and representative scenarios of Italian hi1 Due to its geographical position and similar history in this work the
Abruzzi region will be considered part of Central Italy, even if from
an institutional point of view it belongs to the South of the country.
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** The original text of Francesco Milizia says: ‘Gli artisti
moderni pare che abbiano perduto il gusto della solidità. Si
dubita se le loro opere possono sostenere l’assalto appena di
tre secoli…’
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story and culture. They can reasonably be considered an archive of memories and information on the
daily life of a predominantly peasant society that lived in symbiosis with the surrounding nature, often
poorly, but which was also capable of drawing cultural nourishment from the network of commercial relations with the most important Italian towns. Almost
each village has antique ruins or artistic minor works (churches, towers, castles, fortresses). But their attractiveness is not only linked to the presence of historical buildings. It is linked to the socio-economic
cultural context, the craft activities, the artefacts, the
landscape. As Salvatore SETTIS said [1998] in many of
these sites ‘between the inhabited village and the museum,
between the church and the landscape there is no solution
of continuity’.
Their survival is strongly threatened by earthquakes, that in the Apennine chain are a structural invariant (Fig. 1).
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Fig. 1 – Map showing the MCS Intensity of the 34 seismic
disasters and 170 minor earthquakes that from 1861-2011
damaged over 1,560 locations with about 150,000 victims
(from GUIDOBONI and VALENSISE, 2011). Since 2011, the
2012 Emilia earthquakes and the 2016 Central Italy destructive sequence have been added.
Fig. 1 – Mappa che indica l’intensità MCS dei 34 disastri sismici
e dei 170 terremoti minori che hanno prodotto danni in oltre 1.560
località provocando circa 150.000 vittime (da GUIDOBONI e VALENSISE, 2011). Dal 2011 si sono aggiunti i terremoti dell’Emilia del
2012 e la sequenza distruttiva dell’Italia Centrale del 2016.

The evidence shows that at every earthquake Italy
loses a piece of its history, its culture and its attractiveness, The destructions produced by the frequent
earthquakes (one every four- five years) generally involve tens of thousands of works of art, of which the
buildings are the vulnerable containers. According
to PASQUA RECCHIA [2017], the seismic sequence of
2016-2017 caused immense disasters to the cultural
heritage of the affected regions: 6725 historical prestigious constructions (churches, abbeys, towers, castles, etc.,) and over 70,000 artistic goods (paintings,
statues, frescoes) were damaged and about 30,000
artistic goods have been lost to current use. Therefore, as the two examples of figure 2 and figure 3 visibly show, preservation and maintenance of ancient
settlements are a real urgent problem2. It has also

2 The Italian cultural association Italia Nostra [2020] has presented to the government a draft of a prevention plan for the ancient
villages, which however does not seem to have been taken into
consideration.

been demonstrated that where prevention was done,
the 2016-2017 earthquakes caused less damage.
The safeguarding of such a complex reality is not
certainly an easy problem. Historical settlements have
very different features even in very close sites, so that
the responses to earthquakes can be very different.
Nevertheless, even in their great variety, the villages
present some characteristics of homogeneity that
concern their location (mountain, hill, plane), the
construction volumes, (the buildings have mainly two
or three floors), the materials (buildings are made
of stone masonry, with wooden floors and roofing),
etc. Moreover, as well known, every seismic event is as
much an event of loss as of learning. Thus, the postearthquake studies conducted for the past forty years
by the most prestigious Italian government and research institutions together with the Regions of Central
Italy have enormously enriched the wealth of scientific and technical knowledge. Over time very important research has been conducted by the National Research Council (CNR), the National Committee for
Nuclear Energy (CNEN), the National Seismic Service (SSN), the National Group for Earthquake Defence (GNDT), the Institute for research on Seismic Risk
(IRRS), the National Institute of Geophysics and Volcanology (INGV), the Department of Civil Protection
(DPC), the National Institute of Oceanography and
Experimental Geophysics (OGS), the Ministry of Cultural Heritage and Activities (MIBAC), the National
Committee for Nuclear Energy and Alternative Energies (ENEA), the Higher Institute for Environmental
Protection and Research (ISPRA) and other institutions. The research performed concerned historical
seismicity, seismic hazard, recording of seismic motions, activity and location of faults, earthquake impacts, building vulnerability, seismic-induced landslides, microzonation, etc.
Nowadays the availability of Italian catalogues
on historical earthquakes, databanks of accelerometric records, geological and geotechnical databases,
maps of microzonation, data sheets of landslides, inventories of artistic goods and historical sites exposed to seismic risk, makes it possible to plan targeted interventions over time and also to indicate priorities and urgencies in relation with seismic hazard
(that, as shown in the figure 1, is particularly high
and concentrated in some areas), local site effects,
construction vulnerability and exposure of people
and goods.
However, it is worth remarking that till now this
accumulation of knowledge has not been accompanied by real progress in reducing seismic risk. The reasons are many: the shortage of maintenance, abandonment and depopulation, the lack of interest of
the political class to long-term prevention measures,
unauthorized interventions, the generally low cultural level of local technicians and officials. The increasingly complex building codes, centred on (often il-
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Fig. 2 – The town of Arquata del Tronto (AP) before and after the earthquakes of 2016. After the shake of August 24 the town
showed effects of both MCS and EMS grade 8-9. After the events of 26 and especially 30 October 2016, the scenario worsened, reaching effects equal to grade 10 MCS (and 9-10 EMS).
Fig. 2 – L’abitato di Arquata del Tronto (AP) prima e dopo la sequenza sismica del 2016. Dopo le scosse del 24 agosto 2016 presentava
effetti di grado 8-9 sia MCS che EMS. Dopo gli eventi del 26 e soprattutto del 30 ottobre 2016 lo scenario si è molto aggravato, con effetti
pari al grado 10 MCS (e 9-10 EMS).

lusory) structural calculations, combined with a massive use of concrete, have not improved the situation
in smaller towns and villages. On the contrary, they
have worsened it, because the new rules have led to
forgetting the ancient rules of the art, the wise construction practices, some simple anti-seismic precautions and the use of traditional materials that in the
past accounted for the longevity of constructions.
From this point of view, a reading of the distant and
recent past offers important elements for a critical
reflection on the current Italian building codes.
As concerns Geotechnical Seismic Engineering,
the advances achieved internationally over the past
forty years have opened up an unimaginable range of effective possibilities for addressing soil and
site problems linked to earthquake prevention in
Italy. The geotechnical research that followed the
earthquakes in Umbria-Marche in 1997, San Giuliano di Puglia in 2002, L’Aquila in 2009, Emilia-Roma-

gna in 2012, Central Italy in 2016-2017, Casamicciola
in 2017 allowed us to accumulate a specific knowledge of the local geotechnical problems of Italian sites
affected that can be extended to similar contexts. Teams of young researchers, more and more skilled in
the field of Earthquake Geotechnical Engineering,
were also trained and engaged in study of the Italian
territory.
But it is above all by looking at the state of the
art of geotechnical engineering in the field of preservation of Italian historical monuments and sites
that it can be affirmed that preservation is nowadays
possible. In the field of monuments and historical
sites preservation, the Italian geotechnical literature is rich in contributions of undoubted scientific
value. The literature is so vast that in what follows
only the papers pertinent to the present work can
be cited. Nevertheless, it is worth mentioning a few
of the first pilot studies conducted by CROCE and PEL-

Fig. 3 – The collapse of the Abbay of St. Eutizio (Preci, Umbria) due to landslide induced by the seismic sequence 2016-2017.
Fig. 3 – Il collasso dell’Abbazia di Sant’Eutizio (Preci, Umbria) provocato dalla frana indotta dalla sequenza sismica del 2016-2017.
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[1967]; COLOMBO [1967, 1972]; CROCE et al.
[1981]; CROCE [1985], which have opened the way
for a growing interest of geotechnical engineers in
the field of maintenance and conservation of historical heritage.
Since 1960s, the Italian Geotechnical Association (AGI) has dedicated great attention to the collection of Italian case histories, promoting national
and international conferences, offering ample space in the Rivista Italiana di Geotecnica (RIG) for
the presentation of studies and research and the
exchange of ideas, design criteria, technical specifications, always collaborating within the international geotechnical community to spread a culture of
conservation of historical and cultural heritage. In
1981 the International Society for Soil Mechanics
and Foundation Engineering (ISSMFE) established
the TC19 Technical Committee on the conservation of historic sites, monuments and cities and the
AGI was immediately an active member3. Among
the first conferences dedicated to the theme of the
protection of historic towns and monuments we
can mention VIII National Geotechnical Conference held in Cagliari in 1967, the XIV National Geotechnical Conference held in Florence in 1980, dedicated to The role of Geotechnics in the restoration of
historical city centres, monumental complexes and single
monuments, the International Symposium on Geotechnical Engineering for the Preservation of monuments and historical sites, held in Naples in 1996, the
Second International Symposium of Geotechnical Engineering for the Preservation of Monuments and Historical
Sites, held in Naples in 2013.
All the case histories concerning the restoration
of monuments and historical sites in the Italian territory, presented gradually over time, clearly demonstrate the essential role of geotechnical disciplines
and the need for close collaboration between technical and humanistic experts4.
Nevertheless, it is difficult to pass from single
works to an overall view of the problems posed by
earthquakes by the preservation of historical villages,
which, as shown by the massive damage produced
LEGRINO

3

When TC19 was established, the Italian section was coordinated
by Prof. Ruggiero Jappelli, an illustrious Italian scholar, who became also chairman of TC19, and who, together to Prof. Arrigo Croce, Vice President of ISSMFE and Pietro Colombo, AGI President,
has given great impetus to research in the field, also by editing the
first collections of Italian case histories which have been presented at various International Conferences of ISSMFE (1985, 1989,
1991). In 2010 the Technical Committee on the Preservation of
Monuments and Historic Sites was renamed TC301 (Currently the
chairman is another Italian scholar Prof. Renato Lancellotta).
4 The interventions for the conservation of the Tower of Pisa are
the most emblematic and famous example [BURLAND and VIGGIANI,
1994; JAMIOLKOWSKI, 1999; JAMIOLKOWSKI et al., 2003; BURLAND et al.,
2009], but also many other studies could be quoted, such as, for
instance, in the same field of tower restoration, the studies of LANCELLOTTA [2013], LANCELLOTTA et al. [2017], CADIGNANI et al. [2019].

by the seismic sequence of 2016-2017, needs to widen its gaze to the complexities of the relationships
among the seismic actions and the numerous factors
of vulnerability of ancient building stocks, linked to
their history and environmental conditions.
In this work some considerations will be introduced from a geotechnical perspective with three main
purposes: to specify the contributions of earthquake
geotechnical engineers in reducing the seismic risk
of the ancient settlements of Central Italy, to indicate those elements of knowledge which, despite being
specific skills of other scientific sectors or humanities, must constitute an essential cultural base for a
realistic and correct earthquake geotechnical engineering approach in the historical Italian sites of this
part of Italy, to identify some lines of research that
require more in-depth analysis by geotechnical engineers who are called to work for their protection
against earthquakes.

2. Precautions of the past, insufficiencies of the
present, uncertainties of the future
As is well known, Italy has had a central place in
the birth of modern earthquake science, for its ability to observe earthquakes, to classify their effects,
to establish constructive rules. It is not possible here
to deal with the history of this extraordinary accumulation of knowledge in Italy, and especially in some regions of Central Italy, regarding building and
foundation theories and praxis against earthquake
impacts. Nevertheless, a brief excursus on the history of the Italian evolution of building theories and
praxis for reducing seismic damage is useful in order
to underline the need that new repairing and reinforcement interventions against earthquakes do not
upset a slow path of civilization in the name of an alleged modernization.
2.1. A prestigious past
For the purposes of this paper it will suffice to
observe that, as claimed by many authors [Di PASQUALE, 1986 a, b, c; GIUFFRÈ, 1987; JAPPELLI and MARCONI, 1997; GUIDOBONI and VALENSISE, 2013; GUIDOBONI
and POIRIER, 2019], the historical extension of antiseismic ‘precautionary’ practices is a peculiar Italian
trait that spans over two millennia. Many principles
and rules, as used in Italy since classical ages and described in the treatises of architecture written from
the 15th to 19th century, are also still valid. As JAPPELLI and MARCONI [1997] observe, ancient builders
anticipate many aspects of the various and difficult
problems regarding the relationships between the
structure and the subsoil, such as the soil requirements for ensuring the stability of foundation and
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Fig. 4 – An eighteenth-century print with the covers of some reports on the devastating earthquakes in Amatrice of 1639 and
1703 and an excerpt from the report on the 1639 earthquake.
Fig. 4 – Una stampa settecentesca con le copertine di alcune relazioni sui devastanti terremoti ad Amatrice del 1639 e del 1703 e un brano
della relazione sul terremoto del 1639.

building, the problem of costs, the opportunity of
reuse of pre-existing foundations, perhaps in the intuition, even not clearly expressed, of the usefulness
of preloading.
Already in Magna Graecia, in Metaponto, Paestum, Syracuse, Selinunte, since the sixth century B.C. builders paid meticulous attention to the
foundations of their temples in the seismic area,
using practices handed down by the Greeks but also introducing new techniques and studying artifices to counter or mitigate seismic action, sometimes intervening on the foundation soil, sometimes on individual structural elements, on connections, and on the quality of materials [CAIROLI GIULIANI, 2011]. For instance, a measure to reduce the
seismic action on the foundations consisted in the
excavation of trenches one meter wide in the rock
and in arranging inside them a cushion of sand on
which the foundations were laid [MERTENS, 1987;
2006].
Also the precautions that the Romans employed in the praxis for foundations and vaults are well
known [GIOVANNONI, 1925]. Their general philosophy was that if the building is built according to good
construction rules for ensuring ‘firmitas’, established

by Vitruvius in the first century B. C. in his famous
treatise, there is no reason to fear the earthquake, as
long as it is not destructive and of exceptional gravity.
The rules of Vitruvius played an essential role also in subsequent eras from the Middle Ages to the
entire Renaissance. Alongside the intuitions of the
great architects who made magnificent constructions in the most various seismic and geotechnical
conditions, it should be noted that since the Middle
Ages, albeit with alternations, there was, especially in
Central Italy, a clear desire to make even constructions of less importance durable. As GUIDOBONI observes [2018], a determining factor in this attention to
earthquakes and to the reduction of their destructive effects, was the absolute singularity of cultural,
political, social and economic factors, that have shaped the diffusion of culture in Italian society over
the centuries. The very rich documentation (Fig. 4)
of writings, letters, epigraphs, treatises, provisions
and recommendations clearly shows that there has
always been a great capacity to study earthquake effects and draw lessons from the observation of the
damage caused in order to develop constructive methods that would last well. As shown by the 52.000 Ita-
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Fig. 5 – Anti-seismic house proposed by Pirro Ligorio (drawings; Turin, State Archives, from GUIDOBONI, 2005).
Fig. 5 – Casa antisismica proposta da Pirro Ligorio (disegni; Torino, Archivio di Stato, da GUIDOBONI, 2005).

lian texts collected [GUIDOBONI, 2018] it is possible to
notice a progressive increase of scientific and cultural interest, which, although with contradictions, has
led over the centuries to an incredible stratification
of reconstruction practices with precautionary measures, even in poorly cultured areas of the country.
In Italy the post-earthquake phase has always
been particularly fruitful of observations, ideas and
proposals which form the basis of modern seismic
engineering. Masons and architects from their direct
observations drew many practical indications on how
to build safer houses and it must be noted that, despite the political fragmentation, many of these ideas
and practices circulated in the entire country.
During the Renaissance and Baroque eras, it is
worth noting that, because the construction had to
last over time, in most of the Italian treatises on architecture, sometimes explicitly other times without
making specific reference to earthquakes, there are
always references to importance that foundations
and constructions were stable, to the choice of places where to build, to the type of stone for masonry.
The fact that in many treaties no explicit reference
is made to earthquakes suggests that the correct application of the construction rules was a guarantee
also in seismic areas. From this point of view, the historical research of JAPPELLI and MARCONI [1997], although not directly aimed at examining the precautions against earthquakes, are undoubtedly precious
for the rich information on the founding practices
used over time in Italy.
For instance, Pietro Averlino, named Filarete
(1400-1468), Italian architect and theorist of architecture, in the section of his Trattato di Architettura dedicated to foundations, shows that he was aware of the problem of impacts of earthquakes but he says that one
should not be too suspicious, provided they are solid
and stable (according to the principles of Vitruvius).
Although not referring directly to the earthquakes, LEON B. ALBERTI [1485] gave rules and recommendations that have shaped a practice. In De Re Aedificatoria, a treatise clearly pragmatic, he writes that

for the choice of the place where to build, it is absolutely necessary to know ‘the characteristics of the soils
even more rare, deducible from the memories of past times
and learned by wise observations’. For this purpose he
gives a detailed description of the different types of
soil and indicates the precautionary measures that
each of them requires to make the ground-structure system stable over time. He also suggests ways to
recognize the hardness of the ground, and indicates the importance of the suggestions that can come
from local inhabitants and builders living in the region who, based on the behavior of the old buildings,
infer the characteristics of the underlying land. His
opinion is that ’if soil is surely solid, foundations are not
required and the structure can be built right aways’.
Almost a hundred later PALLADIO [1570] indicates that safest places to lay foundations are tufa or
soil ‘hard to cut and does not turn in mud when wet’. Instead, in the opinion of SCAMOZZI [1615] the best soil
is gravel that can be identified by excavating with hoes and other tools he indicates. Also the following
treaties of BORRA [1748], VITTONE (1760) and other
architects are clearly pragmatic. Almost all aspects
of modern geotecnique regarding foundations are
considered: investigations, excavations, depth, dimensions, materials.
As regards overlying structures, in his precious
treatise ‘Libro de’ diversi terremoti’, written after the
1570 Ferrara earthquake, Pirro Ligorio (1513-1583),
in the belief that ‘knowing what damage caused by
earthquakes is pertinent to human rationality and defending oneself is a duty of the intellect’, proposed the first
earthquake-resistant house (Fig. 5). It is worth emphasizing that the history of antiseismic building systems in Europe is generally believed to begin with
the Lisbon earthquake of 1755. With the project
of an ‘anti-seismic house’ of Pirro Ligorio’, we can
backdate such beginning of almost two centuries.
According to GUIDOBONI [1997; 2005] it seems that it
is the earliest known project in the West.
The constant ability to draw information from
the damage caused by earthquakes has allowed ar-
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Fig. 6 – Plans and sections by Vincenzo Ferraresi in ‘La casa-tipo. Proposte tecniche’, 1783. From ‘Istoria e teoria de’ tremuoti avvenuti nella provincia della Calabria e nella città di Messina nell’anno 1783’ by Giovanni Vivenzio, Stamperia Reale di
Napoli, 1788.
Fig. 6 – Piante e sezioni di Vincenzo Ferraresi in ‘La casa-tipo. Proposte tecniche’, 1783. Tratto da ‘Istoria e teoria de’ tremuoti avvenuti nella provincia della Calabria e nella città di Messina nell’anno 1783’ di Giovanni Vivenzio, Stamperia Reale di Napoli, 1788.

chitects to develop design methods with indications
regarding the regularity of the structures, shape, size, etc., and to point out construction techniques so
that the buildings last over time. Figure 6 shows a
typical example of building characterised by structural symmetry and regularity.
From the seventeenth century onwards it was acquired that in order to defend against earthquakes it
was necessary that the walls were on the same level,
the beams were well connected to the walls, the corner walls were well reinforced with iron keys or with
corner stones, that the mortars should not be poor and sandy, that river pebbles should not be used
for the walls, that the roofs should not push on the
external walls, and so on.
But it was above all in the eighteenth century,
starting from the terrible seismic crisis of 1703 that
hit Central Italy, that the attention to earthquakes by
architects, scholars, royal officials reached its peak.
A more careful observation of the effects of
earthquakes leads to the establishment of criteria to
contain them. Consciously in foundations and buildings, in order to reinforce them, tie rods, buttresses, spurs, chains are introduced. D’ANTONIO [2016]
indicates that in many historical buildings of L’Aquila and surrounding centres, especially after the
earthquake of 1703 but also some centuries before,
a variety of techniques of anti-seismic strengthening
was adopted: insertion of wooden beams with external metal anchorages or chains in the walls, the use
of iron hoops with a containment function, the tran-

sference of stress by using arches, buttresses, walls,
etc. The damage observed in many historical buildings after the 2009 earthquake showed the efficient
performance of many of these anti-seismic measures.
In 1781 Francesco Milizia, an important Italian
architectural theorist, dedicated an entire chapter of
his treatise to earthquake-resistant houses. For Milizia, ‘solidity’ is the most essential requirement of
buildings. He writes: ‘without solidity, beauty, comfort,
magnificence become nothing ...’ For him the building
is solid when it is able to withstand accidental impacts for a very long time. To defend themselves
from earthquakes he arrived to the conclusion that
‘the houses must be made of wood, but so that each piece is
so well connected and recessed with the others, that they all
form one mass alone. This mass must not be planted into
ground, but laid only on a floor of stones larger than the
house. The height of this house must not exceed its width
and its length’. It is important to observe that by proposing a house resting on a specially prepared floor
that allows independent movements, he anticipates
one of the research directions of modern seismic engineering.
Some year later, the dramatic earthquakes that
occurred in Calabria in 1783 were the occasion for
further relevant studies and proposals for anti-seismic measures. After such destructive events in the
kingdom of Ferdinand IV of Bourbon, a new house able to prevent structural collapse was proposed.
This earthquake-proof house, afterwards called ‘casa
baraccata’, was composed of a wooden frame filled
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Fig. 7 – Spectacular phenomena occurred during the earthquakes of 1783 in Calabria taken from the iconographic Atlas attached to the text by M. Sarconi ‘Istoria de’ fenomeni del tremoto avvenuto nelle Calabrie, e nel Caldemone nell’anno 1783’,
Reale Accademia delle scienze e delle belle lettere di Napoli, 1784.
Fig. 7 – Fenomeni spettacolari avvenuti durante i terremoti del 1783 in Calabria tratti dall’Atlante iconografico allegato al testo di M. Sarconi ‘Istoria de’ fenomeni del tremoto avvenuto nelle Calabrie, e nel Caldemone nell’anno 1783’, Reale Accademia delle scienze e delle belle
lettere di Napoli, 1784.

with various materials (earth, brick, etc.). It should
be emphasized that, unlike the more modern house
of Milizia, all the masonry system is firmly anchored
to the ground through the foundation structures. It
is worth observing that on this occasion, for the first
time, a regulation for reconstruction with specific
norms was also developed (Royal Instructions or Pignatelli Norms). The rules were mainly rules of common sense but for the time advanced. They concerned the height of constructions which was to be less
than the width of the roads, the number of floors limited to only two, the elements of connection between horizontal and vertical structures, the dimensions
of the windows in the facades, etc.
From the point of view of earthquake geotechnical engineering, Michele Sarconi’s monographic
volume (1784) is absolutely unique and prestigious.
It was accompanied by the famous Atlas redacted
by the architects Pompeo Schiantarelli and Ignazio
Stile with 69 tables that illustrate with incomparable detail and precision the enormous quantity of
spectacular geotechnical phenomena produced by
the seismic sequence of 1783: landslides, rock collapses, ground ruptures, soil liquefaction phenomena and subsidence (Fig. 7).

It is not possible in this work to analyse in detail
the history of foundation and building techniques in
Italy and the extraordinary accumulation of knowledge and rules in the period from 1600 on. For a more
detailed description it is possible to refer to the papers of DI PASQUALE [1986 a,b,c] and JAPPELLI and MARCONI [1997], who show how the treatises of many famous seventeenth and eighteenth century architects
and scholars [SCAMOZZI, 1615; BONITO, 1691; GENTILI,
1743; SGUARIO, 1756; SANVITALI, 1763; SARTI, 1784; VIVENZIO, 1788] are not only a sum of knowledge and
rules deduced from experiences handed down over
the centuries through the testimony of the buildings
that have been able to survive the effects of time or
earthquakes, but above all an attempt to explain
them on a scientific basis, by using the laws of physics
and geometry, thus anticipating many fundamental
findings of modern seismic engineering.
But the history of the people is never linear and
always presents light and shadow. In Italy the history
of scientific advancement has always inevitably been
associated with a history of wars, poverty, incursions
by barbarians, expropriations, abandonment of territories, political inertia, social neglect and memory
leaks. Therefore, the great scientific progress achie-
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Fig. 8 – Some Italian traditional foundation techniques from ‘La pratica del fabbricare’ by Architect Carlo Formenti, Hoepli 1909.
Fig. 8 – Alcune tecniche tradizionali italiane, da “La pratica del fabbricare” dell’architetto Carlo Formenti, Hoepli 1909.

ved in Italy from the end of the 18th century onwards,
could not prevent further destructions, such as those of the cities of Messina and Reggio Calabria (severely hit by the events of 1783) in 1908, during the
most disastrous seismic event in modern Italian history, which in Messina alone claimed 65.000 victims
of a total of 115.000 inhabitants.
It should also be noted that in the 1800s, due to
both a lower frequency of seismic events and to political reasons [D’ANTONIO, 2016], the use of anti-seismic
devices continued to decrease, almost disappearing.
Only in some cases (for example in Norcia after the
1859 earthquake) did administrative interventions take place with specific rules for reconstruction. Nevertheless, it should be noted too that the rules of good
construction, sometimes handed down orally, but also
reported in specific texts often enriched with highly
detailed illustrations (Fig. 8), ensured stability also during earthquakes. It is worth to note too that in 1883
Mercalli drew up the first map of the earthquakes that
occurred in Italy from the fourteenth century.

The Messina-Reggio Calabria earthquake gave slow
rise to a regulation policy for new buildings. The Marsica earthquake in 1915 (Magnitude Mw = 7; 34.000 victims) gave a further boost in this direction. But the weakness of institutions and their incapacity to make inspections allowed people to disregard them.
The last century was profoundly marked by the
attempts to identify hazards and risks of different
Italian sites and to formulate proper standards for
new constructions. But it was a long way, with continuous alternation of successes and failures. Political
events and especially World War II marked a point
of regression and loss of memory. In those years the
earthquakes of central Italy caused damage that was
added to the war damage making them often indistinguishable [TERTULLIANI, 2016].
After the Belice earthquake (1968), the CNEN
(National Committee for Nuclear Energy) began
the first systematic studies on the seismic hazards of
the entire Italian territory. With the law no. 64 of 2
February 1974 mandatory construction rules for sei-

LUGLIO - SETTEMBRE 2021
Foglio: 1-A - Pag.: RIG321.p0013.pdf

21-10-11

13:02:31

14

CRESPELLANI

smic areas were established in an organic way. With
this act for the first time obligatory construction rules for the seismic zones of the whole country were
established. Therefore, all the assets of constructions
built during the post-war boom were built without
using anti-seismic criteria.
After the earthquakes of Friuli in 1976 and Irpinia
in 1980, there was a snap of interest of institutions, experts and citizens, which led, in a few years, to the establishment of the principles and forms for an effective
strategy of prevention. In addition to the seismic law,
a national research programme for protection from
earthquakes and volcanoes (named ‘Finalized Geodynamic Project’), was launched by CNR involving
Italian academy and public research institutions. It is
from the rich and brilliant cultural debate of those
years that the main scientific instruments for a modern seismic prevention have taken shape, namely: research on historical seismicity (the severity and effects
of over 40.000 earthquakes were analysed), investigation of the main seismogenic faults, drafting of the
first Italian structural model, redaction of the first seismic hazard map, creation of the accelerometer network, seismic classification of the national territory,
updating of seismic regulations, design of vulnerability cards, etc. It was at that time that the first experiences of seismic microzonation also started.5
From 1980 to today, the scientific community
has conducted widespread research on a large spectrum of fields, on the seismicity, wave propagation,
the techniques to reduce the vulnerability of buildings and infrastructures, the seismic behaviour of
foundations, retaining walls, bridges, dams, historic
building stocks, monuments, etc. Highly specialized
studies have been also carried out on the stabilization and improvement of soils and rock masses, on
the vulnerability of lifelines, tunnels, etc. Many seismic microzonation studies have been promoted by
some regional administrations of Central Italy, especially Marche, Tuscany and Umbria.6
Also in the field of the restoration of historic buildings damaged by earthquakes, Central Italy has
shown that it has achieved great technical expertise.
One such case is the perfect repair of the dome of
5 The first important case was the microzonation of Tarcento,
Friuli [BRAMBATI et al., 1980]. A brief history of microzonation studies in Italy is reported in CRESPELLANI [2014].
6 The Geotechnical Section of the University of Florence has been involved in many of them [CRESPELLANI et al.,1995; CRESPELLANI
et al., 1997; CRESPELLANI, (Ed.) 1999; CRESPELLANI et al., 1999; CRESPELLANI et al., 2002 a,b,c,d; BARDOTTI et al., 2003; CRESPELLANI et al.,
2003 a,b; CRESPELLANI et al. 2004; CRESPELLANI et al. 2006 a, b, c; CRESPELLANI et al. 2006 a, b, c; CRESPELLANI et al., 2006; CRESPELLANI et al.,
2007; CRESPELLANI, (Ed.) 2008; CRESPELLANI, et al., 2010; CRESPELLANI
et al., 2012; FACCIORUSSO et al., 2012; MADIAI et al., 2012; MADIAI et al.,
2013; CRESPELLANI et al., 2013; MADIAI et al., 2014]. Other references
which regard more recent Italian microzonation experiences that
involved the Geotechnical Section of the University of Florence
will be quoted in the following paragraphs.

the basilica of San Francesco in Assisi that collapsed
during the Umbria-Marche earthquake in 1997. An
example that indicates the high competence of engineers, officials, technicians and workers which
should suggest confidence in the energies of the nation. A good proof for testing the worth of the strategies developed in those years was the Umbria-Marche
earthquake in 1997 (Mw=6 with 11 victims). Also postearthquake Umbria-Marche reconstruction appears
to be among those that are considered ‘virtuous’ [DE
MARCO, 2018; VALENSISE et al., 2018]. In fact, where
preventive measures have been carried out, the seismic sequence of 2016-2017 has caused less damage
also in new constructions built after 1997.
2.2. Present potential and insufficiencies
Nevertheless, in the new century of the third millennium Italy has not shown real progress in the mitigation of seismic impacts. The earthquakes which
occurred in various regions of Italy (San Giuliano di
Puglia, 2002; L’Aquila, 2009; Emilia Romagna, 2012,
Central Italy, 2016-2017; Casamicciola, 2017) produced 670 victims and over € 55 billion damage, affecting
the lives of children, young people, families, factories,
monuments, landscapes, places of memory and many
productive activities. Especially in Central Italy, which
has gained in the past a cultural primacy, we have witnessed the cancellation today of a unique and unrepeatable world. Apart from a few exceptions, the wealth
of knowledge accumulated has been largely underused without a global vision of social, historical and geographical context. In not rare cases, many governmental or local administrations interventions were greatly criticisable from a technical and/or social point of
view, for a very high and unjustifiable expenditure on
resources and energy. Even the most recent earthquakes have confirmed the separation between the world
of research and the world of practice.
This fact cannot be accidental. We wonder about
why in these last twenty years, our country has paid
such a high price in terms of human lives, economic
losses and historical heritage. It is obviously difficult
to give precise answers to the question, but there are
many elements to think about: the growing separation between science and the professional world, the
absence of dialogue between institutions and society, the political changes, the continuous succession
of amnesties, the growth of bureaucracy, corruption
and illegal practices, and so on.
A working hypothesis is also that the loss of memory of traditional previous good practices, the diffusion of the use of concrete in retrofitting masonry
constructions and strengthening measures not compatible with the historical fabric, the too many and
not clear technical new rules for new concrete buildings and the circulation on a world scale of con-

RIVISTA ITALIANA DI GEOTECNICA
Foglio: 1-B - Pag.: RIG321.p0014.pdf

21-10-11

13:02:31

15

SEISMIC PREVENTION IN HISTORICAL VILLAGES OF CENTRAL ITALY. AN OVERVIEW FROM A GEOTECHNICAL PERSPECTIVE

struction techniques extraneous to the culture of
places might be among the causes.
As wisely pointed out by CALABRESI and D’AGOSTINO [1997] ‘as a general rule, works which lead the least
modification of the object to be saved and of the interacting
soil should be the referred ones although they may not be
the cheapest’. Therefore, being the aim of any action
in the field of restoration to save the testimony of
the artefacts of previous centuries, ‘any change of the
objects to be saved, which is not strictly necessary, should be
avoided’. Furthermore these authors conclude by specifying that ‘this attitude should regard both visible and not
visible parts, such as foundations’.
2.3. A dramatic prophecy about the future
Since memory and actuality must always be declined in view of the future, it is useful to reflect on
the ‘earthquakes that will come’ [DE MARCO, 2018].
In the last seismic sequence 138 inhabited centres were damaged and a few of them completely destroyed. Since earthquakes are frequent in Central
Italy, in the future many historical nuclei could be
added to the long list of abandoned Italian sites or
they could become, as predictable, artificial realities
without history. Even when reconstructed in their
main expressions (churches, towers, palaces, etc.),
they lose forever ‘minor’ identity elements that were
the result of centuries of traditional craftsmanship,
such as roofs, tiles, bricks, windows, doors, kiosks, tabernacles, walls, chapels.
Many villages permeated with history, which before the earthquake were wonderful examples of spatial articulation and harmonious insertion into the
landscape, with their precious heritage of buildings,
squares, churches, shrines, towers, palaces, fortifications, rustic and peasant houses, in the name of a
false modernization and a bad interpretation of seismic norms, have become anonymous and depopulated places, with no relation to the territory, without
identity and without soul, with new constructions,
perhaps more seismically resistant, but often trivial
and insignificant [AVERSA and CRESPELLANI, 2016; TETI, 2017]. Nowadays many of the reconstructed centres are a social problem, due to the absence of productive activities, isolation, lack of attractions, so that
the inhabitants, especially the young, are forced to
abandon them forever.
As said before, also preservation interventions
are often non-commendable. In the name of safety, elements of historical value or even of entire buildings are unjustifiably demolished. A frequent occurrence is the hazardous replacement of wooden
elements with reinforced concrete elements, thereby modifying the ratio between the weights of the
different parts of the building and removing flexibility from the supporting structure. For this reason, a

close collaboration, between the experts responsible
for seismic safety and those for preservation of the
traditional characteristics of historic buildings, is a
fundamental need.

3 Seismic hazard and factors of fragility of historical settlements
In Central Italy seismic hazard is characterised by frequent destructive earthquakes (ranging
from Mw=4 to Mw=6.8) which occur every four to
five years. As figure 9 shows in the Apennine chain
earthquakes are due to the presence of large extensional faults and fault segments in continuous activity. Each event is made up of a sequence of very repeated shocks, with surface seismic manifestations
(first 10 m). These shocks have strong impacts in
potentially unstable zones and in residential settlements because they can give rise to an accumulation

Fig. 9 – The image shows the composite seismogenic
sources (Composite Seismogenic Sources) taken from the
DISS database (DISS Working Group, 2015: http://diss.
rm.ingv.it/diss/) and the strongest earthquakes (Mw 5.8
and higher) of the CFTI4 Med Catalogue (Catalogue of
Strong Earthquakes in Italy, GUIDOBONI et al., 2007). From
VALENSISE et al. [2018].
Fig. 9 – L’immagine mostra le sorgenti sismogeniche composite
(Composite Seismogenic Sources) tratte dal database DISS (DISS
Working Group, 2015: http://diss.rm.ingv.it/diss/) e i più forti
terremoti (Mw 5.8 e superiore) del catalogo CFTI4 Med (Catalogo
dei Forti Terremoti in Italia, GUIDOBONI et al., 2007). Da VALENSISE et al. [2018].
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of harmful effects both in the near field and in the
far field, in the short and long term.
Figure 10 shows the MPS04 seismic hazard map
that is at the basis of the seismic legislation in Italy.
It is possible to observe that the values of expected
peak acceleration on rigid rock are generally high.
Recent experience shows that the seismic history is
very different even within a few kilometres and can
have a great influence on seismic behaviour of buildings and infrastructures. In some sites it is characterised by a regular continuity while in others by long
periods of quiet seismic inactivity. In some cases the
earthquakes are preceded by premonitory tremors
(L’Aquila 2009), in others the destructive shock occurs suddenly without any warning (Amatrice 2016).
The seismic sequence of 2016-2017 is typically one of the many possible sequences that can occur due to the complex fault system. Luckily the problem of determining expected seismic input is nowadays possible for the availability of a rich databank of
the ground motions recorded in the last years. Moreover, there is now in Italy an increasing number
of experts (geophysicists, geologists, engineers) who
work in governmental institutions, academy or professional field, who are able to give essential contributions to handle this problem.
3.1. Geological and geotechnical factors: three main different earthquake responses
Observing the location of some of the most fascinating settlements located in the Apennine chain,
it is possible to see that these are mostly founded
on the edges of precipices, narrow ridges, headlands, steep unstable slopes, limestone slabs resting on
swelling clayey layers, and other unfavorable sites.
Many of them are crossed by faults and geological
discontinuities. Looking at the great variety of stratigraphic and topographical conditions, and the complex history of the various settlements, it is easy to
understand how, even at a distance of a few kilometres, the responses of the various villages to the same
earthquake can differ significantly, as the last seismic
sequences and previous earthquakes in Central Italy
clearly showed.
The seismic sequence of 2016-17 in Central Italy
proved the great influence of site and soil conditions
on local amplification of seismic ground shaking and
damage, thus confirming the results of many other
previous studies, conducted after the earthquakes in
Umbria Marche in 1997 [CRESPELLANI (Ed.), 2008].
The scheme of figure 11 [AGI 1991] is one of
the first geotechnical attempts of classification of
typical ground situations that can be found in historical Italian settlements or below individual ancient
buildings. In the Apennine almost all situations can
be found. The scheme shows that many of them

Fig. 10 – MPS04 seismic hazard map, at the basis of the
seismic legislation in force http//:zonesismiche.mi.ingv.it.
(Gruppo di Lavoro MPS, 2004)
Fig. 10 – Mappa di pericolosità sismica MPS04, alla base della
normativa sismica vigente http//:zonesismiche.mi.ingv.it. (Gruppo di Lavoro MPS, 2004).

exhibit common problems of stability and are precarious even under normal conditions. Others are
potentially vulnerable and exposed to natural events
(landslides, floods, earthquakes), others to human
actions (deforestation, excavations, transformations
of superstructures, changes of volumes or weights,
impacts of modern technologies inducing vibrations
or pressures, and lack of maintenance). Figure 12
shows a few typical geomorphological conditions of
some historical villages recently damaged by the seismic sequence of 2016-2017. Three main situations
can be distinguished.
Mountains. In the Apennine chain the mountain
sites are generally separated by narrow and deep valleys and are characterized by sharp ridges, by precipices and steep slopes. Mainly made of highly permeable limestone rocks and subject to frequent precipitation, there is currently a rapid geomorphological evolution that the frequent earthquakes, together with other factors, tend to accelerate. There are
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Fig. 11 – Schematic representation of typical ground monument system adopted for Italian Case (AGI, 1991, mod.).
Fig. 11 – Rappresentazione schematica delle tipiche condizioni dei siti e dei terreni di fondazione sottostanti i monumenti in Italia (AGI,
1991, mod.).

numerous natural or artificial caves, chasms, wells.
For many centuries, especially in the Middle Ages,
for reasons of defence and looting or various other
reasons, in these crests and steep slopes, not only
castles, fortresses, sanctuaries, but entire agglomerations were built. They are often crossed by faults
(Fig. 9). Investigations revealed that the subsoil is often made by the rubble of past earthquakes or ancient ruins of previous settlements. Nowadays many
of these nuclei are depopulated or even abandoned.
But also in the inhabited nuclei there is a general
lack of essential services (concerning health, education, transports, postal services) that favour or accelerate the process of depopulation. During earthquakes, in correspondence to the steepest slopes there
are frequent phenomena of instability due to rock
falls. Seismic amplification phenomena due to topography are generally pronounced. The roads, extremely tortuous and narrow until they become paths,
are partly excavated into the rock and partly resting
on ancient fillings supported by old stone walls. They
are subjected to continuous rock falls and during
earthquakes interruptions are very frequent. Also

the roads located in the stretches of the valley, which
often run alongside rivers and streams, are often interrupted by rock falls with associate river flooding.
Hills. The high-hill sites, consisting mostly of
non-permeable arenaceous marly formation, present less sharp forms than mountains but are similarly exposed to rock falls, erosion phenomena and
landslides during earthquakes. Earthquakes not only
cause new landslides but also trigger pre-existing debris-flows that exist in large numbers throughout
Central Italy. According to D’ELIA [1980], a typical
situation is that of the cliffs, often isolated, where
the villages are located at the top of rocky or gravelly or sandy reliefs, overlying a clayey substrate. Generally the reliefs have very steep side walls in gradual retreat due to erosion or affected by phenomena of rock falls. Especially in some regions (i.e. in the
Marche and Lazio) middle-hill sites have undulating
and rounded shapes, and due to the gentle climate
and fertility were inhabited since very ancient times.
But it was especially in more recent times, under the
pressure of industrialization, that the historical housing in middle-hills has undergone profound modi-
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Fig. 12 – Typical morphologies of the sites where the historic villages are located.
Fig. 12 – Tipiche morfologie dei siti dove sono ubicati i borghi storici.

fications. In these sites, the impacts of earthquakes,
also of medium severity, may be destructive for various reasons, such as the many faults crossing the
inhabited centres, the relevant site effects due to topography and stratigraphy, the instability phenomena owing to landslides triggered or activated by the
repeated shocks.
Plains. In the Apennine chain the plains, scarce
in number, correspond to alluvial lake basins and are
often enclosed by steep mountains. This fact predisposes them to the possibility of site effects of the 2D
and 3D type. In some larger plains since Roman times land improvement interventions have been carried with alternating phases of cultivation and abandonment. In this last type of scenario, site effects
with associated manifestations of subsidence and instabilities due to local densification or liquefaction
of saturated sandy deposits in proximity of rivers may
be expected.
Luckily the problem of soil response analysis can
nowadays be effectively resolved with the essential
contribution of earthquake geotechnical engineers,
geologists, geophysical and historical seismologists
and urban planners.
3.2. Vulnerability of ancient building stocks and monuments
Building fragility is undoubtedly the major factor of vulnerability. It is mainly linked to some original characteristics of the constructions, their age, the

maintenance and also the seismic history (Fig.13).
Major historical palaces are often in decay or abandoned, many buildings, even solid ones, have undergone improper modifications, popular dwellings
are frequently made with poor materials and insufficient connections between walls and floor. The artistic heritage is so rich that maintenance is generally reserved for the most important works. VALENSISE
et al. [2017] have shown that the time since the last
earthquake can be a factor that influences building
vulnerability, because the memory of damage produced by previous earthquakes can be an incentive to
improve the safety status of buildings.
As said before, in Central Italy earthquakes are
typically characterized by repeated seismic shocks
which cause a progressive accumulation of damage. Another element of vulnerability of building
stocks is that their natural frequency of vibration is
almost the same as that of seismic shaking and also of subsoil. This fact, as well known, can give rise
to double resonance phenomenon. Figure 14, that
reports the results of geophysical prospecting at
Bolognola, shows a typical result obtainable in the
area and that is that the natural frequencies of soils
are similar to those of most ancient ordinary buildings. It must also be remembered that building
stocks are not made up only of houses but include
schools, public buildings, churches, towers, monuments, bridges, and other artefacts (roads, lifelines,
etc.). Therefore, for a proper evaluation of the effective seismic damageability of constructions many
elements must be considered simultaneously by in-
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Fig. 13 – Some characteristic stone buildings of Norcia (above) and of Amatrice (below) Photo QUEST.
Fig. 13 – Alcuni edifici in pietrame caratteristici di Norcia (sopra) e di Amatrice (sotto) Photo QUEST.

volving the contribution of many technical experts
(seismologists, geologists, structural and geotechnical engineers, urban planners, architects, experts of
history and art).
But, as will be better highlighted below, there are
many other factors (political and social) that can make one context more vulnerable than another under
similar environmental conditions.
3.3. Social and political factors
Although apparently distant from a technicalengineering perspective it is important to mention
briefly other elements of vulnerability, recently pointed out, that a prevention plan on a territorial scale must carefully consider in order to plan priorities
and urgencies.
Local histories of ancient nuclei show that social
and political responses differ according to whether
history is marked by poverty or prosperity, good or
bad administrations, cultural exchanges with major
urban centres, wars, invasions, looting, abandoning,
and returning.
Compared to the past, in Central Italy there
have been major social transformations in the use

of the land. In the past, as MAGNAGHI et al. [2018]
observe, earthquakes struck houses and settlements
but did not modify the local economy, which was
based on land resources (forest, pasture, agriculture, etc.). In the last century, the radical change
of the systems of values and the modern lifestyles
have played a decisive role in changing social and
economic responses. Nowadays we are seeing the
shift from a traditional economy based on local resources to an economy centred on second houses
and tourism.
This is a new fragility of the land which involves
another type of depopulation and accentuates the
abandonment of the land resources and seismic exposure. Prevention, in fact, is not an occasional practice. It is a ‘mentality’ of people who live permanently in areas prone to earthquakes.
A society which is alert, aware of the risks, educated to good old practices of self-protection and involved with continuity in decisions, is one of the best antidotes against earthquakes. For assessing these last
vulnerability factors in the perspective of planning
preventive interventions and establishing urgencies
and priorities, many skilled competences are necessary in the fields of anthropology, history, geography,
economy, education and others.
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Fig. 14 – Fundamental frequencies of soils (F0) for Bolognola municipality obtained by HVSR measurements performed after the 2016 -2017 earthquakes (from CAIELLI et al., 2020).
Fig. 14 – Frequenze fondamentali (F0) dei terreni del comune di Bolognola ottenute con misure HVSR condotte dopo i terremoti del 20162017 (da CAIELLI et al., 2020).

4. The 2016-2017 seismic sequence: a representative event
The tragedy that took place between August
2016 and January 2017 in the area of Apennines
at the intersection of the regions of Abruzzi, Lazio,
Marche and Umbria, as well as the previous UmbriaMarche earthquakes in 1997, make an exemplary case history of earthquake impacts and social responses variety in Central Italy. It also offers an instructive glimpse of the problems that a prevention plan in
these areas must address. Therefore it is important
to focus attention on this representative sequence
and on factors that influence the variety of geotechnical responses.
As said above in Central Italy the seismic hazard
is due to the presence of large extensional faults
and non-continuous fault segments, whose incessant
activity produces, every four to five years destructive earthquakes located at a relatively modest hypocentral depth (8-10 km), generally characterized by
multiple shocks, which are repeated after some time
even for a few months.
The seismic events which hit Central Italy on August 24, October 26 and October 30, 2016 and on
January 17, 2017 are a typical manifestation of the
activity. Arriving without warning, the mainshock of
August 24 occurred at 3:34 am (local time) with the
epicenter close to Accumoli and magnitude Mw =
6.0. It was followed, at 4:33 am by an aftershock with
epicenter close to Norcia and magnitude Mw=5.5.

These events caused 299 victims, 386 injured and
left 4800 homeless [Department of Italian Civil Protection, 2017]. Most of the victims were in Amatrice
(238), Accumoli, and Arquata del Tronto.
Successively, a huge number of other shocks
followed (Fig. 15). The strongest were: the shock
of October 26 of Mw = 5.9 near Ussita and Visso;
the shock of 30 October of Mw = 6.5 near Norcia;
the series of shocks near Campotosto of 17 January
2017 of which the largest was Mw = 5.5. Their hypocentral depths were between 7 and 10 km. These
events did not cause any victims. On January 18, an
event of Mw = 5.0 caused an avalanche that claimed
34 lives.
The seismic sequence was among the most powerful ones after those of 1980 at Irpinia, producing
over 74,000 shocks over a year. It involved an area of
about 8,000 km2, upsetting the lives of over 600,000
citizens. They caused incalculable damage in 138
municipalities and hamlets in four regions, making
76,000 dwellings unusable, and erasing villages, productive activities, culture, art and beauty. In many
centres the intensity was evaluated in the X–XI degree of the MCS scale and a maximum peak of 0.86
g was recorded at Amatrice.
The damage to residential buildings, public buildings, schools, commercial activities, factories, communication routes and cultural assets in the area was
catastrophic. Important communication routes were damaged. Several roads were restricted or closed
by landslides; much of the secondary road system,
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Fig. 15 – Epicentral map of seismic events located since
24 August 2016. In blue the earthquakes that occurred in
2016, in orange those of 2017 and in red the events that
occurred in 2018. The size and color of the symbols are
a function of the magnitudes, according to the legend in
bottom left. The hypocentral depth is almost always between 8 and 10 km.
Fig. 15 – Mappa epicentrale degli eventi sismici localizzati a
partire dal 24 agosto 2016. In blu i terremoti avvenuti nel
2016, in arancione quelli del 2017 e in rosso gli eventi avvenuti
nel 2018. La dimensione e il colore dei simboli sono in funzione
delle magnitudo, secondo la legenda in basso a sinistra. La
profondità ipocentrale è quasi sempre compresa tra 8 e 10 km.

including many of the access roads to the affected
towns remained completely interrupted, constituting an important obstacle to the arrival of aid. Because of the frequent shocks, a huge accumulation
of damage resulted.
Looking at the number of victims and damage,
some fundamental facts, from which important lessons can be learned, can be outlined.
The first is that the shocks produced by the seismic sequence, which in other parts of the world
would have produced neither victims nor significant
damage, in this part of Italy have had devastating effects. The reasons that can explain this difference
are many: the low hypocentral depth of earthquakes,

the widespread presence of faults that often cross
the subsoil of inhabited centres, the morphological,
geological and geotechnical characteristics of the sites and the foundation soils favourable to amplification phenomena and ruptures, the geological complexity, the age of houses, the past social dynamics of
depopulation and abandonment that have led to a
growing deterioration of the buildings and a greater
vulnerability of urban and local systems (roads, retaining walls, bridges, viaducts, overpasses, etc.).
In the built-up areas masonry buildings were decisively prevalent over new constructions. Even though characteristics vary widely from region to region,
they were often made with stone of local and river
origin. Certainly the elevated level of destruction in
the historical centre of medieval origins at Amatrice
was caused by many other factors (in primis by resonance phenomena among shaking, subsoil and building) but the high vulnerability of the old masonry
buildings, often made with cobblestones, the scarce
binding capacity of lime mortar, the lack of connections between walls and wooden floors, the absence
of tie rods, played a very important role.
In smaller hamlets, originally built as rural settlements, the agricultural buildings were used for residential use only in later times, often adapted with
inappropriate and elementary techniques and the
material immediately available on site, not respecting seismic regulations or with insufficient rules,
with alterations and sometimes not regular volumetric increases.
In contrast, in other regions, especially in the
Marches and Umbria, square-stone masonry constructions, sometimes with brick resorts, much less vulnerable, can be found. This type of building has benefited
too from frequent earthquakes that have led to expert
reconstructions and renovations over time.
Another interesting observation is that in Amatrice, but not only there, a great number of deaths
occurred in retrofitted concrete buildings, equipped with seismic safety certification, which should
have been protected by seismic norms. It has been
observed [FIORENTINO et al., 2018] that many ancient
buildings, which completely collapsed, show traces
of relatively recent retrofitting that has not reduced their vulnerability. Many wooden floors have been replaced over time with rigid and heavy slabs, without adequate reinforcement of the old walls often
made by cobblestone masonry and without an adequate connection between external walls and floors,
thus compromising the integrity of the entire structure (Fig. 16). The insertion of concrete curbs, often not reinforced or completely inadequate (in some cases on one side of the building), are quite frequent. Their effect has been detrimental in many cases, confirming the importance of appropriate engineering evaluations in the design of repairs and reconstruction, which require a detailed knowledge of
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a)

b)

c)

Fig. 16 – Collapsed buildings in Amatrice (a), in San Lorenzo (b) and Flaviano (c) due to the weight of reinforced concrete
roofs and floors and bearing on fragile and vulnerable masonry, not designed to support them.
Fig. 16 – Edifici collassati ad Amatrice (a), a San Lorenzo (b) e Flaviano (c) per il peso di coperture e solai in calcestruzzo armato e
gravanti su murature fragili e vulnerabili, non progettate per sostenerli.

local and global historical structural techniques and
materials. In addition, it turned out that 80% of the
damaged buildings had differences not conforming
to the approved state, some of which are not easily
remedied.
Another most important fact detected from the
analysis of the damage is that, where good prevention was made, the effects of the earthquake were
limited to lesser damage and there were no victims.
The case of Norcia is, from this point of view, exemplary.
In Norcia, although located 5 km away from the
epicenter, the earthquake of 30 October 2016 of magnitude Mw = 6.5 did not cause casualties but only
damage. In Amatrice, the magnitude shock Mw = 6
caused 238 deaths and completely destroyed the city. Although the seismic hazard is very similar in the
two centres, the social response to earthquakes has
been very different. The strong difference between
the two responses has been the subject of in-depth
research by VALENSISE et al. [2017; 2018] which demonstrated how the different seismic history of the
last 300 years may have influenced the different response during the 2016–2017 sequence.

Taking as a reference date the destructive
earthquake of 1703 (estimated magnitude Mw = 6.7),
it can be seen from figure 17 that the two seismic stories of Amatrice and Norcia are very different.
The seismic history of Amatrice, from 1703 (IX
MCS) onwards, is characterized by the occurrence
of earthquakes of intensity lower than the VII MCS
and a long seismic silence. According to some authors [VALENSISE et al., 2017, 2018; GUIDOBONI, 2018;
DE MARCO, 2018] in Amatrice the long time since
the last strong earthquake caused a loss of memory of the population who became less vigilant in the
maintenance and safety of the buildings. The event
of August 24 found an unprepared population and
a highly vulnerable context. The fact that the largest
number of victims occurred in recent buildings or in
retrofitted buildings that should have followed the
seismic regulations, suggests that local technicians
and officials were not very familiar with the complex
requirements contained therein.
The history of Norcia is instead marked by a
continuous sequence of destructive earthquakes
that were followed by partial or total reconstructions. Norcia was completely destroyed in 1703 (X
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MCS), then in 1719 (VIII MCS) and again in 1730
(IX MCS). On that occasion a part of the inhabited area was rebuilt with two-storey houses, strictly
following the criterion of connecting the vertical structures with the horizontal ones. After the
earthquake of 1859 (IX MCS) the engineer architect Luigi Poletti and the Jesuit Angelo Secchi of
the Pontifical State, drafted a building code which
can be considered an ante litteram seismic code. It
gave precise prescriptions on the sites on which it
was forbidden to build (sloping and waste sites), on
the number of floors (only two), on the rules to be
followed in the foundation works, on the connections between vertical and horizontal elements, on
the openings in the walls, on materials to be used
for walls, etc. From then on Norcia was subject to
frequent earthquakes of varying intensity between V and VII MCS. In 1979, after an earthquake
of magnitude Mw = 5.8, which did much damage
but only 5 victims, the reconstruction was rigorous
and very attentive to the observance of earthquake
standards. Following this earthquake, Norcia became a sort of national laboratory of studies and research, so that in 1997, when an earthquake of Mw =
6.0 struck Assisi, Colfiorito and Nocera, Umbra, in
Norcia some buildings were damaged, some suffered heavy damages, but none collapsed. After the
Umbria–Marche 1997 earthquake many of the buildings in the area of Norcia were strengthened. It
is possible to conclude that such a troubled seismic
history has achieved a twofold result: to keep the
community attentive and vigilant and to have continuous feedback on the vulnerability of the buildings.
From the comparison of the two different social
responses we can deduce that, even in complex realities such as that of Central Italy, seismic prevention is
possible, and can not only save human lives but also
greatly reduce damage to the productive, historical
and residential heritage.
Finally, it should be noted that all the seismic
events were recorded by 14 stations of the National
Accelerometric Network (RAN) in an area of 30 km
and 42 km, located at the maximum distance of 50
km from the epicenter of the 24 August 2016. So it
was possible to compare the spectra of registered
ground shaking with the response spectra of the Italian Building Code (NTC 17.01.2018).
The most important result of this comparison is
that generally the response spectra of Italian Building Code heavily underestimates those obtained
from registered ground motions. A variety of factors
may explain this result. From a geotechnical perspective the hypothesis that has to be primarily verified is what role the complexity of the geological
and geotechnical conditions as well as of the trajectories of seismic waves. has on the extent of damage.
A confirmation was given by recent studies [GRELLE

et al., 2019] that show the role, besides that of topographic effects, of source features and wave propagation paths on damage observed at Amatrice.

5. Site effects and instabilities produced by the
2016-2017 seismic sequence: an overview
The damage produced by the seismic sequence
of 2016-2017 represented a good field experiment of
the possible impacts of earthquakes in Central Italy.
From 24 August 2016, the surveyors of the Emergeo–INGV, ISPRA, the GEER Group carried out the
first investigations on surface fault ruptures and on
site effects and instability effects (landslides, rock
collapses, liquefaction, et alia), which continued after all the other major shocks. The Department of
Italian Civil Protection and the Center for Seismic
Microzonation organised an extensive geophysical
prospecting in the most damaged centers: Amatrice, Accumoli, Arquata del Tronto, Monte Gallo and
their hamlets.
A temporary network of 28 seismic stations
equipped with velocimeters and accelerometers was
also installed. Following the Ordinance 394, Art.14,
geophysical, geomorphological, geological and geotechnical surveys with down-hole tests to obtain the
velocity of the S waves in the most superficial layers
in sites affected by earthquakes in the seismic sequence were performed.
Following the Ordinance n. 24 of 12 May 2017
the Center for Seismic Microzonation (http://www.
centromicrozonazionesismica.it) has conducted studies of seismic microzonation of Level III in 138 centers in the four region hit by the seismic sequence.
The results of these studies are available online.7 It
must be outlined that this is the largest and most
complex study of post-event seismic microzonation ever carried out in Italy. It has been conducted
through a coordinated activity of government, regional and local administrations, the scientific community and the professional world.
On the relationship between site effects and building damage produced by the seismic sequence, the
experimental and computational studies conducted
by various researchers have provided a more in-depth
knowledge on soil amplification effects in valley sedimentary deposits and on topographic effects of ‘ridge’ or ‘relief’ [CIANCIMINO et al., 2019; GRELLE et al.,
2019; PERGALANI et al., 2019; RENZI ET al., 2019; GAUDIOSI et al., 2019; MILANA et al., 2019; GRELLE et al., 2020;
CIANCIMINO et al., 2020, CAIELLI et al., 2020].

7 See: Portale cartografico della Microzonazione Sismica e della Condizione Limite per l’Emergenza, http://www.regione.umbria.it/paesaggio-urbanistica/microzonazione-sismica; http://
www.regione.lazio.it/prl_ambiente/
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promontory of Amatrice [GRELLE et al., 2019; PERet al., 2019; GRELLE et al., 2020];
d) the effects of instability of the soil and rocks have had many manifestations, of greater and lesser relevance; major effects occurred at Pescara del Tronto (where the earthquake moved a
landslide that dragged the village, Fig. 18), near Visso (where a slide interrupted the flow of
the river), at Campli (TE) (where the bad weather emergency superimposed on the seismic
emergency), at Rigopiano (where an avalanche, detached from an overhanging mountain
ridge, hit the Rigopiano-Gran Sasso Resort hotel); minor effects were the several hundreds of
ground ruptures and rock falls, which mainly
affected main and secondary road networks
[ROMEO et al., 2017; MARTINI et al. 2019; URBANI
et al. 2020];
e) the most frequently destructive effects of geotechnical interest have been observed in works such as masonry retaining walls, bridges, embankments, tunnels [ROMEO et al., 2017].
GALANI

6. Geotechnical contributions and basic information for a correct geotechnical approach

Fig. 17 – Seismic histories of Norcia, Amatrice and Montereale compared.
Fig. 17 – Storie sismiche di Norcia, Amatrice e Montereale a confronto.

As the present approach is inherently large-scale, it is not possible to go into the details of the valuable studies conducted but an overview of the perceived or measured local effects leads one to observe that:
a) the recorded values of PGA are generally higher
than those predicted by the Italian Building Code and by other literature sources [FIORENTINO et
al., 2018]; this fact can be attributed to various
factors, both inherent to the Italian Building Code hypotheses and to local site responses;
b) the experimental data collected by means of geophysical prospecting and surveys have shown site
effects in the historical centres of Amandola, of
Gualdo, in Amatrice and in its districts of Saletta,
Sommati, Casale, San Lorenzo and Flaviano, built on recent Quaternary sediments, and in the
suburb of San Severino Marche built on alluvial
sediments, and in many other sites;
c) topographic amplification and 2-3 D site effects
had also a significant role, for instance in the

The different responses observed in the various
villages affected by the seismic sequence of 20162017 confirm the kind of local effects we should expect during earthquakes and the main measures that
it is urgent to adopt for reducing victims and damage. Moreover, the analysis shows that prevention in
this part of Italy is a challenge that does not allow
homologation with other worldwide countries. It
must be specifically commensurate with the physical
and social context with continuous targeted and circumscribed interventions, strictly related to context
and necessity, identified on the basis of criteria of rationality and common sense, as consciously established recently by the Umbria regional administration
[MOTTI, 2018].
It may be useful, for these purposes, to list some points that geotechnical engineers must keep in
mind when drawing up prevention interventions in
Central Italy:
a) the particular features of seismic hazard. As the seismicity is frequent, widespread (although with
some areas of higher hazard), characterized by
the presence of large extensional faults and fault
segments in continuous activity, with surface seismic manifestations (first 10 m) and sequences
of very repeated shocks, in potentially unstable
areas and in residential settlements an accumulation of harmful effects on buildings and on the
territory is largely predictable; therefore priority
should be given to checking for the possible presence of faults and to designing preventive inter-
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Fig. 18 – The Pescara del Tronto landslide (from Lanzo and Stewart, Report No. GEER-050B 22 November 2016).
Fig. 18 – La frana di Pescara del Tronto (da Lanzo e Stewart, Report No. GEER-050B 22 novembre 2016).

b)

c)

d)

e)

ventions in such a way as to counter not a single
shaking but a plurality of shakes;
the influence of the epicentral distance. Given the
uncertainty of the localization of the possible
sources, a prevention plan must consider in at
each site both the possibility of occurrence of
earthquakes in the near field (as in this case the
effects due to energy of the earthquake prevail)
and strong earthquakes in the far field (because
in this case filtering effects overcome);
the seismic history. Recent experience shows that
this is very different even within a few kilometres and can have a great influence on seismic
behaviour of buildings and infrastructures. In some sites it is characterized by a regular continuity while in others by long periods of quiet seismic
inactivity; in the first case frequent earthquakes
keep alive in the population, a vigilant attention
to earthquakes, in the second case the memory
of earthquakes can be cancelled;
the complex geomorphological structure. Even in small
areas, there are mountains, hills and valley sites,
where earthquakes can produce very different
amplification and instability effects (landslides,
floods, etc.).This fact implies that it is not possible to elaborate a prevention plan without accurate studies of microzonation of Level 3;
the vulnerability of infrastructures on a territorial and
local scale. As demonstrated by the seismic sequence of 2017-2018, the most vulnerable geotechnical works are the infrastructures and the
communication networks, that is roads, railways,
tunnels, bridges, viaducts, embankments. Therefore, special attention must be given to this type

of works which are indispensable to ensuring assistance during the emergency and services during reconstruction;
f) the vulnerability of buildings and monuments. From
a geotechnical perspective the main factor in the
vulnerability of buildings in seismic conditions
is their location for the possibility of site effects
and instabilities, the presence of nearby faults,
the existence of contacts between units with very different geotechnical properties, the existence of cavities, old or recent landfills, etc. When
dealing with buildings that have many centuries
behind them, a general rule is that all retrofitting and recovery measures must not alter the
ductility relationship between the various parties. Geotechnical engineers need also to keep
in mind that ancient builders were generally very attentive to the choice of the type of subsoil
and that they were also very aware that costs and
safety had to be optimized; therefore particular
attention must be paid to modifications after the
original construction, in order to understand
the reasons that suggested them.
With regard to the contributions of geotechnical
engineers in the planning of large-scale seismic prevention interventions, it is evident that the main contribution deals with microzonation. Microzonation is a
cornerstone of territorial planning and a fundamental
support for the design to intervene on inhabited centres. As well known, due to the complexity of a study
of seismic microzonation and the costs of the investigation, three grades of analysis have been considered:
– Level 1 is a preparatory study based on geological maps and existing data that are processed to
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divide the territory into microzones qualitatively
homogeneous from a seismic perspective;
– Level 2 gives a range of indications of engineering interest on the basis of simple measures of S
wave velocity and calculations;
– Level 3 gives a detailed map of seismic microzonation based on field and laboratory dynamic
measures of soil properties and analytical evaluation of site effects, also with emphasis on particular issues (landslides, liquefaction, etc).
The specific contribution of geotechnical engineers is, of course, at Level 3. Nevertheless, microzonation is only one of the fields in which they can
give their expert contribution. As said above, prevention requires competences in all classic sectors covered by geotechnical engineering and particularly by
earthquake geotechnical engineering.
But it must be outlined that in this part of Italy
geotechnical engineers, more than is usually required, need to have an enlarged vision of territorial
problems in order to interact with other professional and social categories. They must be aware that
the richness of this part of Italy lies in the historical
buildings, in the artistic heredity, in the landscape,
in parks, in archaeological sites, in traditional activities, and more. Therefore, before making preventive interventions, geotechnical engineers have much
to study: about traditional foundation and building
techniques, local praxis and rules, effects of past
earthquakes, the most suitable modern techniques
to surgically intervene on a delicate and fragile historical heritage.

7. Open conclusions: some simple ideas
For some time, urban planners, art historians,
psychologists and scientists warned us of the necessity of rethinking our ways of living. Among the utopias advanced in the line of combining new spatiality, quality of life and green economy, there is that
of repopulating and enhancing the ancient villages,
where to establish, as in past, as much as possible in
squares, gardens, parks or open places, relational
and cultural activities. Thinking of the historical villages of Central Italy, this utopia seems worthy of serious consideration, because it is in these fascinating
places, enriched over the centuries by art and culture, that unprecedented opportunities for revitalizing
the country can be opened up.
But it cannot be ignored that the agreeableness
of these villages is threatened by earthquakes. Seismic prevention is therefore an indispensable condition for all other initiatives. It must interact with
other priorities: health, school, activities that produce work, green policies, safeguarding of historical
monuments and building stocks, mobility and communication. Prevention certainly requires specific

actions to reduce the impact of earthquakes but it
is important to point out that prevention is itself capable of producing work, skills, functionality and sociality. It is above all a way of looking at personal and
collective life, which requires preparation, knowledge, attention, vigilance, and which must permeate
community lives in our society.
Unfortunately, in Italy today there is an almost
general lack of attention to the problem of seismic
prevention in these villages. Nevertheless it must be
emphasized that prevention is, in Central Italy, a very
real possibility for several reasons.
The first reason is the great abundance of available knowledge, remained underused until today.
It deals with historical earthquakes, seismic hazard,
ground motions, seismic site effects, ancient construction techniques, geotechnical interventions for
retrofitting and strengthening historical buildings,
soil consolidation, stabilization of landslides, etc.
Drawing up a realistic map of the earthquake impacts
and seismic risks that highlights priorities and urgencies could be achievable in a short time. A very useful
guide in this direction is the above quoted study of
VALENSISE et al. [2017; 2018]. Recent earthquakes have enormously increased the scientific knowledge on
most exposed sites. Many scientific institutions have
been involved in post-earthquake investigations and
there are teams of young experts in the fields of seismology, geology, geotechnical and structural engineering, who have acquired a great deal of experience and can contribute to the implementation of a
prevention programme in collaboration with local
administrations.
The second reason is that for the first time the
Italian government is allocating funds to reduce vulnerability of housing, by calling citizens to their responsibilities and by offering substantial help to people who renovate their homes to withstand earthquakes. Although many criticisms can be levelled at this
initiative (https://www.nonquestaprevenzione.it), it
could be possible, starting from a sufficiently realistic risk map, to develop a precise strategy to allocate the resources where the need for intervention is
most urgent.
The third reason is that a prevention model in
this part of the country does not require (except in
some well-known cases) ‘exceptional measures’ but
the vigilant and constant attention of institutions
and citizens and the organization and implementation of small systematic interventions that are in continuity with a use of the territory handed down for
centuries, whose principles are sustainability, quality
of life, enhancement of the attractiveness of the landscape and of local traditions. In the interior of Umbria and the Marche regions there are some local
self-organized groups who are identifying and experimenting ‘good practices’ aimed at enhancing the
territorial heritage in its multiple aspects - culture,
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art, identity, products. It is also important to recall
that preventive intervention cannot consist only of
technical measures, although innovative and capable of guaranteeing stability and functionality.
A guiding principle should be that every type of
structural intervention should be related to the reality of the place, using as much as possible traditional
materials and techniques, improving them when necessary, always considering that attractiveness is not a
cultural accessory but a basic essential need. In this
light, therefore, the recommendation of CALABRESI
and D’AGOSTINO mentioned above appears wise and
appropriate ‘as a general rule, works which lead the least
modification of the object to be saved and of the interacting
soil should be the preferred ones although they may not be
the cheapest’. Therefore, being the aim of any action
in the field of restoration to save the testimony of
the artefacts of previous centuries, ‘any change of the
objects to be saved, which is not strictly necessary, should be
avoided’.
We cannot exclude that to achieve this goal it
might be necessary in the future to undertake different paths from those prescribed by the present Italian building code centred on short-term new constructions. In this particularly Italian context even
the rediscovery and use of some traditional, simple
construction techniques that have challenged time,
as well as the ‘rules of art’, deserve to be a continuous object of consideration and application.
One may conclude that to realise a tailor-made
prevention of places and traditions of historical villages of Central Italy, the possibility for hope exists,
but some conceptual passages are necessary.
The first is that the idea of prevention of historical villages and sites in Central Italy needs to be associated not only with the idea of rebirth, counterexodus and renewal of places, but also with the idea
of safeguard, conservation and maintenance. Minor
ancient settlements are the repository of precious
cultural characteristics of an attractive landscape. So,
their preservation can offer development and work
possibilities for younger generations. One of the greatest dangers is that in the name of seismic safety a
massive work of replacement prevails over that of
conservation.
The second necessary step is the transition from
a mentality centered on an idea of modernity extraneous to the history of the places to a development
of alternative forms of self-organization of citizens
for the enhancement of the local heritage. Nowadays
digitalization and new forms of remote working have
become more familiar and make possible the formation of polycentric networks of small towns and villages that exchange knowledge and services among
themselves and also with the rest of the nation and
the world.
The third passage is the opening of society to
new forms of settlement models that appeal not only

to the inhabitants who have left their territories, but
also to new inhabitants (i.e. young people, foreign
citizens, and others), giving them active roles in enhancing the material and spiritual heritage of places. But, to reach this goal, a technical and social
project is needed, combining expert knowledge, government long-term attention and contextual awareness of citizens.
There are some general principles that must
always guide the preventive interventions in historical sites, namely:
a) the principle of preservation of historical heritage and landscape assets;
b) the necessity of safeguarding and strengthening
local traditional technical praxis of building and
productive activities;
c) the principle that prevention is above all ‘a social goal’ to be achieved collectively by creating a
mentality and a culture.
As a consequence, it is necessary that also geotechnical engineers, in collaboration with schools,
civil protection institutions, experts and administrators, actively collaborate in the dissemination of
knowledge of risks and local possible solutions for
their reduction. It needs that they concretely enter into the historical-social reality, studying the effects of past earthquakes, traditional foundation
and building techniques, local praxis and rules, and
above all understanding the profound needs of security, well-being and quality of life of individuals and
of the community. For this reason, humbly opening
up dialogue and working together with other experts and citizens is the right geotechnical approach
for realizing a correct programme of seismic prevention of the ancient villages in Central Italy.
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La prevenzione sismica dei nuclei storici
dell’Italia Centrale. Una panoramica da
una prospettiva geotecnica
Le seguenti considerazioni di insieme, svolte da una prospettiva
geotecnica, riguardano le principali problematiche ingegneristiche
che dovrebbero essere affrontate per la messa a punto di un piano
di prevenzione sismica a larga scala a medio e lungo termine
nei borghi storici del Centro Italia, dove i terremoti rischiano di
distruggere per sempre il ricco patrimonio di arte e di cultura che
costituisce il loro fascino e attrattività. Sisma dopo sisma, la loro
configurazione originaria si è in molti casi, in tutto o in parte,
dissolta, con gravi conseguenze per l’intero Paese, che, a ogni
terremoto, perde un pezzo della sua storia e della sua identità.
Ma i terremoti non sono un destino. Le conoscenze accumulate in
questa parte dell’Italia indicano che i loro effetti sono prevedibili e
prevenibili.
Le indagini sugli ingenti danni prodotti dalla sequenza sismica
del 2016-2017 hanno dimostrato che gli effetti catastrofici osservati
nella maggior parte degli insediamenti storici sono legati a una
pluralità di fattori: le caratteristiche dei terremoti, le condizioni
morfologiche e geotecniche, la vulnerabilità delle antiche costruzioni
in muratura e dei sistemi territoriali medievali, il tempo trascorso
dall’ultimo terremoto, le passate risposte politiche e sociali locali, il
livello di consapevolezza della popolazione, ecc. Una strategia di
prevenzione, specificamente pensata per queste realtà così singolari
nello scenario sismico dei paesi sismici avanzati, richiede quindi
una approfondita conoscenza di un numero elevato di elementi che
coinvolgono molte discipline tecniche e umanistiche, che insieme
devono contribuire a raggiungere lo stesso unico obiettivo: la creazione
di condizioni di sicurezza per la vita umana e la conservazione nel
tempo di un ricco patrimonio storico e paesaggistico.
Il presente lavoro intende esaminare con una visione ingegneristica
allargata le interrelazioni tra i diversi fattori e i contributi
dell’ingegneria geotecnica. Verranno anche indicate alcune linee
di ricerca che richiedono approfondimenti da parte degli ingegneri
geotecnici, riguardanti le tradizionali tecniche costruttive e di
fondazione locali e l’opportunità di eventuali indicazioni normative
specifiche, indispensabili per intervenire correttamente in realtà
caratterizzate da una lunga storia di civiltà così da poter trasmetterne
intatti i caratteri distintivi alle nuove generazioni, ma rendendole allo
stesso tempo compatibili con le esigenze di una società avanzata.
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