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ABSTRACT  A special session on the 1976 Friuli earthquake was organised during the 35th Assembly 
of the European Seismological Commission in Trieste, Italy, on the 40th anniversary of 
that event. Summarising the oral and poster contributions presented during the session, 
together with a few others related to the same subject, we present a general overview of 
the scienti  c  ndings as the  nal chapter of scienti  c research on that earthquake, which 
can be considered the  rst Italian seismic event studied with modern scienti  c tools.

Key words: 1976 earthquake, Friuli, NE Italy, 40th anniversary.

1. Introduction

The 6 May 1976 Friuli earthquake can be considered a watershed between “amateur” 
and “institutionalized” seismology for Italy. In fact, unlike this event, the earlier 1968 Belice 
earthquake in western Sicily did not stimulate any major scienti  c research (Slejko, 2018). What 
changed in the short span of just eight years to justify such a different interest shown by the 
international scienti  c community? Certainly, the emotional impact of the Friuli earthquake was 
greater, justi  ed by a seismic sequence lasting more than 6 months and 977 deaths compared to 
231 recorded for the Belice earthquake. But it is likely that the difference was motivated above 
all by the presence of a seismological centre, the Istituto Nazionale di Oceanogra  a e di Geo  sica 
Sperimentale (OGS), at that time called Osservatorio Geo  sico Sperimentale, located relatively 
close to the epicentral area. OGS was, then, able to follow the evolution of the phenomenon 
regularly, providing information to other scienti  c institutions and to the community (see e.g. 
Colautti et al., 1976; Finetti et al., 1979).

The earthquake of 1976 also coincided with a nationwide reorganization of the studies on 
earthquakes and their social impact, namely the Italian Geodynamics Project. This was the 
 rst institutionalized collaboration between geologists, seismologists, and engineers in order to 

mitigate seismic risk (see e.g. Gruppo Redazionale della Carta Sismotettonica del PFG, 1982; 
Carulli, 2018), which continued with the activities of the “Gruppo Nazionale per la Difesa dai 
Terremoti” (see e.g. Slejko et al., 1989).

But perhaps an even more important consequence that the Friuli earthquake had was the 
emergence of an institutionalized system of civil protection and the role of the Regions in the 
 eld of civil protection. The Italian Civil Defence was, in fact, established some years later (in 

1982), but the appointment of a special commissioner by the government for the earthquake can 
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be seen as the embryo of the Department of Civil Protection (Zamberletti, 2018). The recognition 
as an Autonomous Region in 1963 also meant the possibility for Friuli Venezia Giulia to intervene 
incisively both in the reconstruction of the earthquake-stricken areas, following the so called 
“Friuli model” (Carpenedo, 2018) which is still a milestone of reconstruction examples, as well 
as in funding special scienti  c projects aimed at seismic risk reduction (Santulin et al., 2018). The 
most important of these projects was the establishment of a regional seismic network, inaugurated 
with the  rst three stations on 6 May 1977, exactly one year after the main shock.

Concerning the reconstruction of the destroyed settlements, it is worth noting the beginning 
of studies in Italy aimed at de  ning the seismic hazard, which started in Friuli (Faccioli, 1979; 
Giorgetti et al., 1980) and were later extended to the whole peninsula (Petrini et al., 1981; Slejko 
et al., 1998). The place where the destroyed villages of Friuli should have been reconstructed 
raised an important debate. The mantra of the Friulians “where it was, how it was” was generally 
followed and Gemona (Fig. 1) and Venzone (Fig. 2) are paramount examples of the reconstruction. 
Conversely, in a few cases it was decided not to reconstruct small settlements characterised by a 
high risk (e.g. Portis Vecchio close to Venzone) or not to impose any building and urban planning 
restrictions (Osoppo). At the same time, isolated “California style” buildings began springing up 
here and there.

In short, as a consequence of the earthquake it can be said that the large amount of money 
that suddenly  owed into Friuli, accelerated an inevitable process of modernization of an area 
that passed from a predominantly agricultural economy to widespread industrialisation, in part 
betraying the “where it was, how it was” catchphrase. In Yugoslavia, there was a long and  erce 
discussion among experts and members of the public whether it would be better to reconstruct 

Fig. 1 - The Cathedral of Gemona after the reconstruction (photograph by M. Riuscetti).
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slowly but keeping the shapes, materials, and designs of the historical settlements, or instead, 
build new prefabricated homes that are inexpensive, safe, fast to erect, and in general offer better 
living standards for the inhabitants, but are not so picturesque as the old villages.

This paper presents and summarises the contents of the session organized during the 35th 
General Assembly of the European Seismological Commission (ESC) held in Trieste from 4 to 10 
September 2016. The state of the art on the science developed during 40 years after the earthquake 
has been summarized in a series of presentations, collected in this volume together with some 
additional papers that complete the information about the event. A total of 17 papers are contained 
in the present volume, 9 of which were presented during the ESC conference as oral presentations 
or posters. But why a volume on the 1976 earthquake now, so many years after the event? 
Fig. 3 shows the number of papers published over time on the 1976 quake. The information is 
taken from the bibliography on geology and geophysics of Friuli published by Carulli (2012), 
which can be considered the most exhaustive documentation on the subject. In truth, it is not 
entirely complete but it is hard to  nd any similar documentation worldwide for a catastrophe. 
It can easily be seen that, after the 1980s, the interest in the event diminished notably and only a 
small number of papers have been published since then, although there were a few also after year 
2000. The quality of the available data for the earthquake hardly supports new elaborations (see 
Rebez et al., 2018) and, consequently, the present volume is likely the last scienti  c summary on 
the subject.

The papers are organized in four chapters. The  rst is a summary of the main scienti  c 
characteristics of the seismic sequence initiated on 6 May 1976 and of the preceding and 
following seismotectonic studies. The second gathers some recollections of witnesses who took 
care, during those years, of different aspects of the seismic crisis. The third chapter illustrates 

Fig. 2 - The Cathedral of Venzone reconstructed using the anastylosis technique (photograph by M. Riuscetti).
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some recent studies referring to the 1976 earthquake that contribute to a better comprehension of 
the seismic phenomenon. The fourth and last chapter introduces some topics that started with, or 
were motivated by, the 1976 earthquake and have contributed to reducing seismic risk at both a 
regional and national level over the following years.

Fig. 3 – Number of papers dealing 
with the 1976 Friuli earthquake vs. 
time [data taken from Carulli (2012)].

2. A scientifi c summary of the Friuli 1976 event and related studies

The  rst paper by Slejko (2018) outlines the main aspects of the 1976 earthquake and of 
the long seismic sequence that followed and affected central Friuli for a year and a half. The 
earthquake stimulated a long series of studies (never before seen in Italy) regarding all aspects of 
the seismic phenomenon, from seismology, to geology, geodesy, seismic engineering, sociology, 
that led to identifying the tectonic sources involved in the phenomenon and the characteristics of 
its evolution in time. The focal parameters of the main events of the sequence are re-computed 
and compared with those found in the literature.

The second paper by Carulli (2018) gives an overview of the history of oil drilling, carried 
out to investigate the deep tectonic structure of the Friuli Venezia Giulia region, up until an 
interpretation of the deep structural style obtained from the data of the Bernadia well. The 
many studies following the earthquakes of 1976, leading to the formulation of a seismotectonic 
model and the identi  cation of the seismogenic structures in the study region, are described 
in detail. 
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3. Witnesses of the 1976 Friuli earthquake

The third paper by Zamberletti (2018), the Government Commissioner for the earthquake, 
describes the coordination of emergency operations after the two strong earthquakes of May and 
September 1976, together with the speci  c problems faced and solved to help the local population 
return to normal life.

The guidelines for reconstructing the villages after the 1976 Friuli earthquake are summarized 
in the following paper by Carpenedo (2018). Special attention is given to the number of decrees 
issued by the Regional administration aimed at managing the emergency and initiating the 
reconstruction operation.

The role of newspapers during the Friuli earthquakes is described and commented in the  fth 
paper of this volume by Carbonetto (2018) with particular attention to the cooperation established 
with the regional scienti  c institutions. Thanks to this virtuous approach, people living in the 
epicentral area were informed correctly about the evolution of the earthquake and the actions 
undertaken to reconstruct the devastated settlements.

Moving on to the scienti  c research, the Friuli earthquake was not only the most devastating 
one in its epicentral region for centuries, but it was also felt in many parts of Europe, even in Berlin, 
where many people in high-rise buildings were frightened and ran outdoors. This contributed to 
the decision to establish seismology at the Potsdam Institute in particular with the macroseismic 
data collection. This aspect is described in the paper by Grünthal (2018), where the macroseismic 
data are also discussed according to contemporary cross-border isoseismal maps of the 1976 
Friuli earthquake and compared with those of the 1690 Carinthia quake. 

4. Scientifi c improvements

A simple question that could be raised may go like this: “Can modern studies give new 
information on the 1976 earthquake?” The following three papers answer positively to this 
question.

The paper by Tertulliani et al. (2018) proposes the whole macroseismic  eld of the 6 May 
1976 Friuli earthquake in terms of the European Macroseismic Scale. Although a certain quantity 
of original data are missing and are probably lost forever, additional and yet unknown primary 
data have been discovered and used for the re-evaluation of the intensity map. The study presents 
the comprehensive macroseismic data set of 3423 intensity data points covering 14 European 
countries. In comparison to the previous studies, the largest intensities have changed from country 
to country, in some cases being lowered and in others increased, mainly due to the new data.

Pettenati et al. (2018) have used all the macroseismic data of the Friuli earthquake to retrieve 
geometric and kinematic information on the source, by doing automatic nonlinear geophysical 
inversions. In addition, they have analysed site effects on the Gemona fan in the epicentral area using 
intensities from 69 districts of the town. The general analysis con  rms ampli  cation on soft soils 
at great epicentral distances, while the analysis of Gemona showed a striking correlation between 
the trend of macroseismic data and the contour lines of the topography of the fan, with maximum 
intensity toward the apex of the fan and minimum intensity in the Friuli Plain beneath it.
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By matching interpretation of seismic pro  les of the Friuli pre-Alpine area with the super  cial 
data collected during a detailed geological survey, Poli and Zanferrari (2018) have reconstructed 
the deep arrangement of the Susans-Tricesimo thrust (which is considered the seismogenic source 
of the 6 May 1976 earthquake). The structural framework of the upper crust in Friuli is updated 
in their study, suggesting a new seismotectonic model based on the slip partitioning between the 
Idrija-Ampezzo right lateral strike-slip system and the SSW-verging thrust system of central-
eastern Friuli. This new seismotectonic model is of particular interest because it may have crucial 
consequences for the assessment of seismic hazard in Friuli.

Aiming at exploring the possibilities of forecasting the main shocks of the Friuli sequence, the 
paper by Rebez et al. (2018), after reporting a couple of examples on the subject, focuses on an 
accurate revision of the seismological data as well as on the analysis of the space distribution of the 
earthquakes. The  nal consideration is that, even with a good (or good enough) seismic monitoring, 
there is no clear evidence of epicentre migration towards the future location of the major events.

After the 6 May 1976 earthquake in Friuli Venezia Giulia, about 85,000 buildings in the 
affected area were investigated through damage-assessment forms. The Friuli Earthquake 
Damage database was created and more than 45,000 buildings with complete information were 
geo-localized. This enabled carrying out a posteriori studies to characterize both the vulnerability 
of different typologies of buildings and the effects of the geomorphology on the site seismic 
response. The paper by Grimaz and Malisan (2018) summarises the main results of these studies, 
in particular comparing the results of a statistical analysis of the information in the database at 
regional scale, with the results obtained, at local scale, through geophysical investigations.

The 1976 Friuli earthquake was the starting point for a new, observational-based approach to 
the vulnerability analysis of historical buildings, and in particular to churches and bell towers. 
This new approach enabled interpreting the mechanisms of damage and identifying the weakness 
points for a more effective and focused intervention of retro  tting. The paper by Doglioni et al. 
(2018) presents a brief overview of the contribution of the 1976 Friuli earthquake experience both 
to the knowledge of seismic behaviour of historical buildings and to the formulation of tailored 
safety upgrading projects.

5. Yesterday, today, and a possible tomorrow

Apart from the tragedy of victims and destruction, another question that may be raised concerns 
the issue of any eventual bene  ts that the earthquake has left, if any, in the epicentral area. The last 
three papers of the volume consider this aspect.

After the Friuli earthquake, a virtuous process of cooperation was established between the 
Civil Protection of the Friuli Venezia Giulia Region and the regional scienti  c institutions. 
Santulin et al. (2018) present a brief excursus on the projects funded by the Civil Protection aimed 
at reducing seismic risk. These projects have tackled different aspects of seismic risk reduction: 
seismic monitoring, regional seismic hazard and risk computation, and damage estimation for the 
school buildings.

In Italy, after the 1976 Friuli earthquake, progressive improvements were made concerning the 
approach and the techniques for securing and recovering historical buildings and monuments damaged 
by the earthquakes. The techniques to safeguard cultural heritage and strategic buildings are described 
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in the paper by Grimaz et al. (2018) together with their application in safeguarding the cultural heritage 
during the seismic emergencies of L’Aquila (2009), Emilia (2012) and central Italy (2016). 

The 40th anniversary of 1976 Friuli earthquakes has been an opportunity to revive the memory 
and awareness of living in a country affected by earthquakes. The results of a test on past and 
present natural hazards, compiled by 422 students and 35 teachers from middle-high schools of 
Friuli-Venezia Giulia in anonymous form and on a voluntary basis, are described in the paper by 
Peruzza et al. (2018). The sample includes both heavily damaged municipalities in 1976, and 
localities with light or no damage. The answers clearly show that the knowledge about the facts 
of the 1976 earthquakes is inadequate: better known is the social impact. Moreover, young people 
have a vague perception about the major natural hazard they are exposed to, and the answers are 
often in  uenced by misguided beliefs.

The paper by Petrini (2018) highlights the fact that the Friuli earthquake represented a turning 
point, still continuing, for the Italian way of viewing seismic risk mitigation. This is clear because 
of the important changes that have been introduced after the earthquake in terms of coordinated 
scienti  c research, importance of seismic zonation (also supported by studies of microzonation), 
and building code, as well as the need for vulnerability analysis for existing buildings and 
historical monuments.

In terms of victims and damage, the loss due to earthquakes in Italy appears to be too high 
when compared to the average level of seismic hazard. Riuscetti (2018) suggests that, while 
technical skills and norms in Italy are at a similar level to the most advanced countries in the  eld, 
a major effort is needed to diminish the vulnerability of the pre-code buildings and more attention 
should be paid to the epicentral effects that cannot easily be regulated by the seismic code.

The implicit conclusion is that, although science and regulations can satisfy the need for 
more protection against the seismic threat, the existing building stock generally shows a high 
vulnerability, with the exceptions of the few Italian regions hit by recent earthquakes, like Friuli. 
Moreover, the perception of seismic risk is strong soon after an earthquake but fades rapidly with 
the passing of time.

6. Conclusions

This volume considers only the scienti  c topics related to the 1976 Friuli earthquake. A more 
comprehensive overview should also take into account the sociological and economic aspects 
related to the occurrence of the event and the following evolution. Other conferences and literature 
have tackled these aspects (e.g. Geipel, 1982) that are beyond the scope of the conference where 
most of the material collected in this special volume were presented.

Acknowledgments. Many thanks are due to Giovanni Battista Carulli, who has provided the data for Fig. 3, 
and to Stephen Conway, who checked the English manuscript.
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ABSTRACT  The main results obtained in the seismological  eld regarding the 1976 Friuli 
earthquake are summarized. They refer to the source identi  cation of the main shock, 
to its dimension, and to the time and space evolution of the seismic sequence.

Key words: 1976 earthquake, Friuli, seismic source, space and time evolution, main shock location.

1. Introduction

A search on the expeditious scienti  c information available for the Belice earthquake of 1968 
showed that very little is known of that earthquake (see e.g. Haas and Ayre, 1969; Monaco et al., 
1996), especially as regards the seismological aspect. Conversely, a few months after the 1976 Friuli 
earthquake (4 and 5 December) an international scienti  c conference was held in Udine, whose 
acts are collected in two volumes of the international journal “Bollettino di Geo  sica Teorica ed 
Applicata” for a total of 1,410 pages of geology, seismology, geophysics and earthquake engineering. 
A year later (11-13 October 1977), the National Committee for Nuclear Energy (CNEN) organized 
a specialized conference in Rome on the earthquake in Friuli, also in relation to the design of 
nuclear installations, and the proceedings were collected in three volumes with a total of 882 pages.

Years later, other strong earthquakes occurred in Italy: Irpinia (1980, 2914 deaths), Umbria 
– Marche (1997, 11 deaths), Molise (2002, 30 deaths), L’Aquila (2009, 308 deaths), Emilia 
(2012, 27 deaths), Amatrice (2016, 298 deaths). They were studied in detail and a comprehensive 
literature documents the research performed.

Therefore, the Friuli earthquake can be considered the  rst event to be scienti  cally studied in Italy 
soon after its occurrence and, perhaps, also the starting point for the modern seismological investigation 
in Italy (Slejko et al., 2018). What has been acquired in the seismological  eld is here summarized.

2. The seismological network at the time of the Friuli earthquake

In early 1976, 33 seismometric stations were operating in Italy: they were located at universities 
or geophysical institutions (Fig. 1). The stations located in north-eastern Italy were those of Trieste 
(TRI), Padua (PAD), Bolzano (BLZ), and Salò (SAL). Outside the country, the stations that were 
operational and, relatively, close to central Friuli (within 250 km) were those of Ljubljana (LJU), 
Cerknica (CEY), Labin (LABI), Puntijarka (PTJ), and Zagreb (ZAG), in former Yugoslavia, those 
of Kremsmunster (KMR), Mariazell (MZA), Molln (MOA), and Innsbruck (IBK) in Austria, and 
Bad Reichenhall (BHG), Fürstenfeldbruck (FUR), and Garmisch (GAP) in Germany (Fig. 2). 
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Fig. 1 - Map of the Italian permanent stations operating in 1976.

In June 1976, the University of Vienna deployed the stations of Klagenfurt (KFA) and Bad Blaiberg 
(BBA) in Carinthia (Aric et al., 1992). Besides these, there were some seismometric stations for 
the speci  c control of some facilities (e.g. dams: AMBE, LAME, PIEE, MISE, VAJ). The Istituto 
Nazionale di Geo  sica (ING) in Rome had the task of the Italian seismic monitoring and produced 
two bulletins: the  rst for the instrumental data, the second for the macroseismic ones. The data 
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processing time and that to compile the bulletins, were conditioned by the speed of data exchange, 
then based on mail and telephone. The seismological station of Trieste, managed by OGS the 
Osservatorio Geo  sico Sperimentale (presently Istituto Nazionale di Oceanogra  a e di Geo  sica 
Sperimentale) and whose instruments were (and still are) located at the bottom of the Karst cave 
called Grotta Gigante, was about 70 km far from the earthquake epicentre. At the time, the Trieste 
station was part of the World Wide Standardized Seismographic Network (WWSSN), installed 
in 1963 by the United States Geological Service with equipment capable of recording both near 
and far earthquakes. The installation also of a Wood Anderson seismometer at the Trieste station 
allowed the seismologists to accurately calculate the magnitude of all the local earthquakes (within 
600 km from Trieste).

3. Seismicity in Friuli before 1976 in the tectonic framework

The Friuli area (north-eastern Italy) is the most seismically active sector of the Alpine chain: here 
the south-verging fold and thrust belt of the eastern Southern Alps joins up with the NW-SE trending 
dextral strike-slip fault systems of western Slovenia (Fig. 3). The presence in the northern portion 

Fig. 2 - Map of the permanent stations operating in the eastern Alps at the beginning of May 1976 (blue hexagons) and 
temporary stations installed after the shock of 6 May (red circles). Temporary stations installed in the epicentral area after 
6 May are not shown here but in Fig. 8.
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of the River Tagliamento valley of a few small N-S trending strike-slip faults is worthy of mention. 
Geological and seismological studies suggest that the region undergoes a main compressional, 
roughly NNW-SSE oriented, stress, linked to the indentation of the Adria microplate beneath the 
Eurasian Plate (e.g. Anderson and Jackson, 1987; Slejko et al., 1989; Castellarin et al., 2006). 

The historical seismicity of Friuli and surrounding regions is quite well known for the presence, 
since the Roman times, of a number of settlements that later developed into major economic and 
commercial centres during the Middle Ages (Belluno, Cividale, Trieste). The latest catalogue of 
Italian earthquakes CPTI15 (Rovida et al., 2016) and some studies on the regional seismicity (e.g, 
Slejko et al., 1989) describe in a rather speci  c way the seismic areas in the eastern Alps.

Six earthquakes with a moment magnitude MW greater than 6 (Rovida et al., 2016) occurred 
between 1000 and 1975 (see Table 1): in 1348 the town of Villach, in Carinthia, suffered heavy 
damage and casualties (MW 6.6); in 1511 Gemona, Venzone, and Osoppo, in Friuli, and Idrija with 
some castles in western Slovenia suffered severe destruction and casualties [MW 6.3; see also Camassi 
et al., 2011)]; in 1690 the town of Villach (Barbano et al., 1994) was subsequently destroyed with a 
number of fatalities (MW 6.2); in 1873 some villages in Alpago (eastern Veneto) suffered extensive 
destruction and there were 80 deaths (MW 6.3); in 1928 Tolmezzo and several villages along the 
River Tagliamento suffered collapses and widespread damage and 11 fatalities (MW 6.1); and,  nally, 
in 1936 the settlements in the Cansiglio plateau (eastern Veneto) suffered total and partial collapses 
and 19 deaths (MW 6.1).

Fig. 3 - Regional tectonic sketch 
of north-eastern Italy and western 
Slovenia (modi  ed from Burrato 
et al., 2008). Black lines identify 
strike–slip faults, hachured lines 
show thrusts, solid lines represent 
active faults. Legend: AR = Arba–
Ragogna thrust; BCh = But–Chiarsò 
fault system; BT = Buja–Tricesimo 
thrust; CV = Colle Villano thrust; 
FE = Fella thrust; ID = Idrija 
fault; MA = Maniago thrust; MD 
= Medea thrust; PA = Periadriatic 
thrust; PA (GK) = Periadriatic 
thrust Gemona–Kobarid segment; 
PAF = Periadriatic lineament; PL 
= Palmanova line; PR = Predjama 
fault; PZ = Pozzuolo thrust; RA = 
Raša fault; ST = Susans–Tricesimo 
thrust; TO = Tolminka or Ravne 
fault; UD = Udine–Buttrio thrust. Adriatic Sea
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Table 1 - List of earthquakes in Friuli and nearby areas with an MW greater than 6 [data extracted from the catalogue 
CPTI15 (Rovida et al., 2016)] IO is espressed in the MCS scale.

Year Mo Da Ho Mi Epicentral Area Lat. N(°) Lon. N(°) IO Mw

1348 01 25 Julian Alps 46.504 46.504 IX 6.6
1511 03 26 15 30 Friuli-Slovenia 46.209 46.209 IX 6.3
1690 12 04 14 Carinthia, Villach 46.633 46.633 VIII-IX 6.2
1873 06 29 03 58 Alpago Cansiglio 46.159 46.159 IX-X 6.3
1928 03 27 08 32 Carnia 46.372 46.372 IX 6.0
1936 10 18 03 10 Alpago Cansiglio 46.089 46.089 IX 6.1
1976 05 06 20 00 Friuli 46.241 46.241 IX - X 6.4

Friuli-Venezia Giulia has a long history of collecting instrumental seismological data because 
a seismographic station was operational at the Astronomic and Maritime Observatory of Trieste 
already in early 1898 (Kozák and Piešinger, 2003). In 1949, the station became part of OGS and, 
in 1963, the seismographic station was moved from the centre of Trieste (Campo Marzio) to an 
environmentally sound site (Grotta Gigante) and equipped with the instruments of the WWSSN. 
Some stations located in areas near Friuli (e.g. Ljubljana, Pula, Padua, Venice, Treviso) have 
contributed to the data collection of earthquakes in the eastern Alps from the beginning of the 20th 
century.

Fig. 4 shows the epicentres of earthquakes with an MW greater than, or equal to, 4.0 that 
occurred from 1000 to 5 May, 1976. It can be seen that the strong seismic activity is concentrated 
along the foothills, from Cividale to Belluno, with its highest in central Friuli.
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The most seismically active area is located between Gemona, Tolmezzo and the border with 
Slovenia (Slejko et al., 1989, 2011): in addition to the mentioned M>6 earthquakes (1511, 1928, 
and also the 1976 quake occurred here), it is worth remembering the earthquakes of 1389 and 
1908 (epicentral area near Moggio Udinese) with intensity I0 = VI-VII Mercalli-Carcani-Sieberg 
(MCS) and VII-VIII MCS, respectively. Another seismically active area is the Tramonti one: it 
was hit by destructive earthquakes in 1776 (I0 = VIII-IX MCS) and 1794 (I0 = VIII-IX MCS). 
An earthquake struck the nearby village of Maniago in 1812 (I0 = VII-VIII MCS). The Cividale 
area, on the contrary, was affected only by the 1403 (I0 = VIII MCS) and 1898 (I0 = VII MCS) 
earthquakes and a few low magnitude events. The earthquake Raveo in 1700 (I0 = VIII-IX MCS) 
merits noting since its effects were heavy, albeit only in a very limited area (about 70 km2).

Some other zones, outside of the current Italian borders, are important for the seismic hazard 
of Friuli (Carulli et al., 1990; Del Ben et al., 1991; Slejko et al., 2011). These include the 
aforementioned Carinthia, whose city of Villach and many villages along the Gail River valley 
were affected by the great earthquake of 1348 [whose epicentre is located by recent studies in 
the border area between Italy and Austria (OGS, 2005)] and by that of 1690: both earthquakes 
were clearly felt across the whole of Friuli. A minor seismicity has affected western Slovenia, in 
particular the area of the Sneznik Mountain, located SE of the city of Trieste. Further eastwards 
(Carulli et al., 1990; Del Ben et al., 1991), a few large earthquakes struck the city of Ljubljana 
(I0 = VIII-IX MCS) in 1895 and the Croatian coastal area around the city of Rijeka in 1323 
(I0 = IX MCS), 1574 (I0 = VIII-IX MCS), and 1721 (I0 = X MCS).

4. The 1976 earthquake

The earthquake on 6 May 1976 hit an area of 5,700 km2 in central-eastern Friuli, destroying 
several settlements (Ambraseys, 1976; Carulli and Slejko, 2005; Slejko, 2016, 2017) and causing 
977 deaths (one victim was veri  ed only as late as forty years after the earthquake) and 4.5 
trillion Italian lira in damages [at the 1976 value (Cavallin et al., 1990)]. The local magnitude 
(ML) was 6.4 on the Richter scale, and the main shock was preceded a minute before by an ML 4.5 
event (Finetti et al., 1979). The maximum intensity of the X degree (Gasparini, 1976; Giorgetti, 
1976), on the Medvedev Sponheuer Karnik (MSK) scale, was observed in Gemona, Venzone, 
Trasaghis, Bordano, Forgaria, Maiano and Osoppo (Fig. 5), but the earthquake was felt over 
a very large area, to the north as far as to the Baltic Sea (Karnik et al., 1978; Tertulliani et al., 
2018). Fortunately, it did not strike any big town: in fact, the same town of Udine, located just 30 
km from the epicentre, had only marginal damage due to the strong ground motion attenuation 
towards the south (VII degree MSK, see Fig. 5).

After the strong ML 5.3 aftershock of 9 May, the seismic sequence subsided in the summer. 
However, two quakes on 11 September, with an ML of 5.1 and 5.6, and another two on 15 
September, with an ML 5.8 and 6.1 (Fig. 6), produced further collapses and another 13 victims, in 
addition to the 977 deaths of May, and weakened the spirit of Friulians, who had already begun 
the work of reconstruction. Another quake of ML 5.2 occurred a year later, on 16 September, 1977: 
it was followed by an aftershock series that lasted more than one month (Siro and Slejko, 1981; 
Suhadolc, 1981, 1982).
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Fig. 5 - Isoseismals of the 1976 Friuli earthquake expressed in the MSK scale (Giorgetti, 1976). The strong southward 
attenuation of the shaking can be seen, a feature that saved the city of Udine from more extensive damage.

Caputo (1976) calculated the parameters of the main shock: a stress drop of 10 to 13 bar, 
a seismic moment of 1025.9 to 1026.1 dyne×cm, a fault area of 800 km2, and a dislocation of 32 
to 54 cm. These parameters were subsequently roughly con  rmed by Cipar (1980, 1981), who 
calculated also those of some aftershocks.

The maximum deformation of 25 cm was discovered by geodetic data (Talamo et al., 1978) 
between Venzone (+18 cm) to Carnia (-7 cm), on the basis of the levelling measurements done in 
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1952 and 1977. Steinhauser and Lenhardt (1986) proposed that this crustal movement was mainly 
due to the Friuli earthquake sequence, as the general Alpine uplift rate is one order of magnitude 
lower. The inversion of such data (Arca et al., 1985; Briole et al., 1986) suggested a reverse fault 
plane in agreement with that obtained from seismic data, with ruptures both east and west of the 
River Tagliamento, these last also characterized by a transcurrent component.

Twelve stations of the accelerometric network of the national electricity company (ENEL) 
recorded the main shock of 6 May (Basili et al., 1976; Commissione CNEN-ENEL, 1976) and a 
peak horizontal acceleration of 0.37 g was registered by the Tolmezzo station, very close (about 35 
km) to the epicentre of the earthquake. The very next day, 8 other temporary stations were set up 
by the CNEN - ENEL Commission and 203 accelerograms, referring to 32 events that took place 
until 15 June, were recorded (Basili et al., 1978). The CNEN-ENEL Commission then gathered 
all the accelerometric data and disseminated them in a series of  ve volumes (Commissione 
CNEN-ENEL, 1976-1979). These data were also used for the determination of focal and spectral 
parameters of the events (De Natale et al., 1987) and for the soil characterization of the sites 
affected by a strong shaking (Chiaruttini et al., 1979). The maximum acceleration (0.52 g) in 
former Yugoslavia was recorded by the temporary station of Breginj (located on soft soil) during 
the aftershock of 15 September at 3:15 (Mihailov, 1976).

Regarding aspects of structural engineering, a general overview of the damage suffered by the 
buildings in the epicentral area was presented with speci  c examples by Glauser et al. (1976) and 
as a comprehensive summary, documented by explicative photographs, of the damage reported 
by the different typologies of buildings old masonry buildings, recent masonry buildings, low-rise 
reinforced concrete (r.c.) buildings, tall r.c. buildings, with a particular detail for the settlements 
of Maiano and Gemona, by Commissione CNEN-ENEL (1976). The infrastructure in Friuli 
(bridges, roads, electric system) was inspected to identify possible de  ciencies (Briseghella, 
1976; Faoro and Ferrazza, 1976). A wide selection of damage suffered by monumental and 

Fig. 6 - Seismograms recorded by the Wood-Anderson seismograph of the Trieste station related to the 6 major shocks 
of the 1976 sequence. The red circle indicates the ML 4.5 foreshock. To these, the shock of the 16 September 1977 
should be added.
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common buildings in the epicentral area is reported in Briseghella et al. (1976): this substantial 
documentation provides a synthesis of the phenomena that determined the different behaviour of 
buildings under the earthquake shakings. Speci  c studies pointed out at the behaviour of selected 
typologies of buildings, i.e. old masonry and recently constructed masonry buildings (Cartapati 
and Cherubini, 1976; Pistone and Roccati, 1976), and to an r.c. structure still under construction 
(Bayulke, 1976). The damage suffered by some important buildings (e.g. the Tolmezzo hospital, 
some r.c. buildings in Maiano) was analysed in details (Giuffrè et al., 1976; Petrini et al., 1976; 
Berardi and Sanò, 1978; Scelfo et al., 1978), as well as the behaviour of damaged buildings 
during renewed earthquakes (Heimgartner, 1976; Heimgartner and Glauser, 1978). After the 6 
May earthquake, the buildings in the shaken area were investigated and 84,780 forms were  lled, 
where the descriptions of the damage were georeferenced to compile a huge database (Di Cecca 
and Grimaz, 2009), which is available on line upon request and is suitable for in-depth studies 
and analyses.

5. The hypocentral location of the main shock

The main shock of 6 May and the seismic sequence which followed in the very next days 
were studied by OGS, initially only with the data recorded by the Trieste (Colautti et al., 1976) 
station because the elaboration of data coming from different stations was impossible due to the 
dif  culty in communication. Therefore, the epicentre was based on the estimate of the epicentral 
distance and the station-to-epicenter azimuth, with large uncertainties involved. The calculation 
of the focal depth was impossible: it was only possible to evaluate the sur  cial nature of the 
event. Further studies con  rmed the super  cial nature of all the shocks of the sequence, which 
were generally located in the  rst 10 km (Zonno and Kind, 1984). These limits in the earthquake 
location explain why the main shock location near Mount San Simeone communicated to the 
media immediately after the main shock was slightly modi  ed by subsequent studies. In fact, 
numerous epicentre locations were produced for the main shock (Table 2). In summary, they can 
be related to two areas: the foothills of the Julian Alps east of Gemona and the Val Resia NE of 
Venzone (Fig. 7). Notably, the location computed by OGS, also using data from private stations 
(ENEL) operating in central Friuli, placed the epicentre in the Monteprato area, between the 
settlements of Taipana and Lusevera (Poli et al., 2002).

To de  nitively  x the location of the main shock, a new elaboration has been performed 
considering all the available data. More precisely, all phase readings from original seismograms 
and bulletins of public and private, permanent and temporary stations within a 250-km epicentral 
distance, integrated with the data reported in the website of the International Seismological 
Centre (ISC), have been used. Several crustal models have been considered and, at the end, that 
of the European Mediterranean Seismological Centre Working Group on the Friuli Earthquakes 
(1976) has been selected because it produced the most reasonable depth estimation, according to 
the tectonic information available, as well as the smallest statistical errors on the location. This 
new location, reported in Fig. 7, con  rms that of Poli et al. (2002) and is quite close to those of 
Cagnetti and Pasquale (1979), Barbano et al. (1985), and Aoudia et al. (2000). The epicentral 
area of the main shock is, then, in a sector of the pre-Alpine foothills where no major settlements 
are found: this fact justi  es perhaps the different locations of both macroseismic epicentres here 
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Hour Minutes Seconds Lat. N (°) Lon. E (°) h (km) Source
20 00 14.70 46.310 13.310 10.0 1
20 00 11.60 46.356 13.275 9.0 2
20 00 12.48 46.3517 13.2595 11.7 3
20 00 11.8 46.266 13.250 20.1 4
– – – 46.329 13.322 – 5
20 00 – 46.275 13.247 7 6
20 00 15.30 46.386 13.264 20.0 7
– – – 46.290 13.257 4-6 8
20 00 – 46.360 13.270 5-10 9
20 00 14.92 46.387 13.271 17.6 10
20 00 13.2 46.262 13.300 5.7 11
20 00 13.30 46.262 13.279 7.0 12
20 00 – 46.262 13.103 5 13
20 00 – 46.241 13.119 – 14
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Fig. 7 - Epicentres of the main shock of 6 May 1976 according to different authors. Legend: 1 = hypocentral determination 
by the Centre Seismologique Europeo-Mediterraneen (CSEM), 2 = http://earthquake.usgs.gov, 3 = www.isc.ac. uk, 4 = 
Cagnetti and Pasquale (1979), 5 = Cipar (1980), 6 = Barbano et al. (1985), 7 = Engdhal et al. (1998), 8 = Aoudia et al. 
(2000), 9 = Pondrelli et al. (2001), 10 = Engdahl and Villaseñor (2002), 11 = Poli et al. (2002), 12 = this work. The solid 
magenta dots show alternative solutions of the location presented in this study obtained with different crustal models and 
parameters. The two black stars indicate macroseismic epicentres: 13 = Giorgetti (1976), 14 = Rovida et al. (2016). Two 
areas remain broadly identi  ed: the foothills of the Julian Alps east of Gemona (nos. 4, 6, 8, 11, 12) and the Val Resia 
NE of Venzone (nos. 2, 3, 7, 9, 10). Only two locations (nos. 1 and 5) placed the epicentre in the Musi Mountains area.

Table 2 - Hypocentral locations of the main event of 6 May, 1976 according to different authors. h is the focal depth. 
Source: 1 = hypocentral determination by the Centre Seismologique Europeo-Mediterraneen (CSEM), 2 = http://
earthquake.usgs.gov, 3 = www.isc.ac.uk, 4 = Cagnetti and Pasquale (1979), 5 = Cipar (1980), 6 = Barbano et al. (1985), 
7 = Engdhal et al. (1998), 8 = Aoudia et al. (2000), 9 = Pondrelli et al. (2001), 10 = Engdahl and Villaseñor (2002), 11 = 
Poli et al. (2002), 12 = this work. In addition, also the macroseismic locations of Giorgetti (1976) (13) and the CPTI15 
catalogue (Rovida et al., 2016) are reported (14).



What science remains of the 1976 Friuli earthquake? Boll. Geof. Teor. Appl., 59, 327-350

 337

considered (Giorgetti, 1976; Rovida et al., 2016) that remain westwards of the instrumental one, 
in an area populated by the three towns of Gemona, Trasaghis, and Osoppo. The southern position 
of the instrumental location here proposed with respect to all others, especially those of Pondrelli 
et al. (2001) and Enghdal and Villaseñor (2002), is motivated by the data of local stations, which 
before the present elaboration, were only in part evaluated by Poli et al. (2002). These new data, 
in fact, move the location of the events of the sequence to the south.

6. The space and time evolution of the seismic sequence

The considerable amount of data collected by the Trieste station allowed the localization 
of 695 shocks occurring until October 1976: these data highlighted which areas were affected, 
respectively, by the shocks of May and those of September and indicated a NW-ward migration 
of the seismicity (Colautti et al., 1976).

Various national and international scienti  c institutions [ING, CNEN, Catania University, 
Munchen University, Institut de Physique du Globe of Strasbourg (IPG)] took part in the data 
collection of the seismic sequence with the installation of temporary stations in Friuli and Carinthia 
(Figs. 2 and 8). These data, although some stations operated only during two short periods respectively 
in May-June and September-October, enabled the localization of the events even at depth and 
brought to light the super  cial nature (within 20 km) of the earthquakes (Finetti et al., 1976). The 
analysis of about 4,000 events of the seismic sequence with ML between 1.5 and 5.0 recorded by a 
temporary network installed by IPG after the strong earthquakes of May and September, pointed 
out that the seismicity of May was concentrated in eastern Friuli and propagated NW-wards during 
the month of September (Finetti et al., 1976; Cagnetti and Console, 1977; Wittlinger et al., 1978). 
The construction of some geological cross-sections brought to light that the hypocentres were 
super  cial, with a depth between 1 and 7 km, even in the case of earthquakes of magnitude greater 
than 4.0. Further studies (Zonno and Kind, 1984) subsequently con  rmed the super  cial nature of 
all the shocks of the sequence, generally located within the  rst 10 km.

A  rst seismotectonic interpretation of the earthquake was also proposed with the association 
of the main shock to the Buja – Tricesimo overthrust and the of 11 and 15 September aftershocks 
to the Periadriatic thrust-belt, north of the  rst source (Amato et al., 1976).

The estimate of the changes in the Coulomb stress proposed by Perniola et al. (2004) showed 
a positive correlation between the areas affected by increased stress following the main shock and 
the spatial distribution of the seismicity of the sequence, suggesting that the main shock favoured 
the rupture of neighbouring faults by the following major earthquakes.

The review of seismological data for 1256 events of the Friuli sequence from 6 May 1976 to 
6 May 1977 [Renner, personal communication, see also Poli et al. (2002)] made it possible to 
describe the space and time evolution of the seismic phenomenon, characterized by the activation 
of gently north-dipping thrusts as well as of minor steeply south-dipping faults (Poli et al., 2002).

A complete relocation of all earthquakes of the sequence from 6 May 1976 to 31 December 
1977 has recently been performed (Rebez et al., 2018). A total of 2012 events which occurred in 
central Friuli (46.0° – 46.6° N and 12.6° – 13.8° E) have been located using all data of public and 
private, permanent and temporary stations within a 250-km epicentral distance, integrated with the 
data reported in the ISC bulletins. Also in this case, the crustal model of the European Mediterranean 
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Fig. 8 - Map of private 
stations (black stars) 
operating in 1976 and 
temporary ones (white 
circles) installed after the 
earthquake of 6 May 1976 
in the epicentral area.

Table 3 - Earthquakes of the seismic sequence of 1976-1977 with an ML greater than, or equal to, 4.5. h is the focal 
depth (in km), No is the number of phases used in the elaboration, Gap is the maximum angle without stations, Dmin is 
the distance of the closest station (in km), Rms, Erh, and Erz are the standard errors on origin time (in s), epicentre (in 
km), and focal depth (in km), respectively.

N Date Origin Time Lat. N (°) Lon. E (°) h ML No Gap Dmin RMS ERH ERZ
1 1976/05/06 19:59:05.69 46.275 13.313 9.4 4.5 35 75 28.4 0.47 1.0 1.5
2 1976/05/06 20:00:13.30 46.262 13.279 7.0 6.4 24 98 46.8 0.37 1.1 1.9
3 1976/05/07 00:23:49.44 46.250 13.291 8.5 4.5 33 81 48.3 0.50 1.2 1.6
4 1976/05/09 00:53:44.45 46.225 13.297 11.6 5.3 38 71 5.7 0.48 1.2 0.9
5 1976/05/11 22:44:00.64 46.260 13.058 12.1 4.8 43 47 1.2 0.32 0.7 0.6
6 1976/09/11 16:31:11.40 46.281 13.197 8.9 5.1 36 44 3.7 0.32 0.8 0.9
7 1976/09/11 16:35:02.35 46.259 13.232 4.8 5.4 31 70 5.1 0.51 1.1 2.2
8 1976/09/15 03:15:19.74 46.295 13.191 7.0 5.8 38 42 4.8 0.42 0.9 1.2
9 1976/09/15 04:38:53.50 46.279 13.198 14.1 4.7 34 44 3.6 0.38 0.8 1.0
10 1976/09/15 09:21:18.83 46.305 13.157 12.1 6.1 35 43 5.6 0.30 0.6 1.0
11 1976/09/15 11:11:11.25 46.280 13.158 6.2 4.5 34 49 2.9 0.42 1.0 1.3
12 1977/04/03 03:18:14.07 46.306 13.151 12.2 4.5 39 56 1.7 0.38 0.9 1.0
13 1977/09/16 23:48:07.45 46.303 12.997 11.0 5.2 31 68 8.1 0.44 1.0 1.5
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Seismological Centre Working Group on the Friuli Earthquakes (1976) has been used. Although only 
stations within a 250-km distance have been considered for the best coherence with the crustal model, 
all locations are characterized by satisfactory solutions. Table 3 collects the hypocentral solutions 
obtained for the strongest events (ML larger than, or equal to, 4.5) of the sequence: it can be seen that 
the number of data used in the elaboration is quite large, the azimuthal gap and standard errors are 
quite small. The focal depth for these strong quakes is between 4.8 and 14.1, con  rming the sur  cial 
character of the events. The epicentres of the main events of the sequence are reported in Fig. 9.

These new accurate locations have been used to investigate the time and space distribution 
of the seismicity during the sequence. Fig. 10 illustrates the release of magnitude (Fig. 10a), 
cumulative number of events and cumulative energy (Fig. 10b) in time. The plot of magnitude 
vs. time (Fig. 10a) shows the reduction of seismic activity in July and August and then, starting 
from January 1977 with the exceptions of the two sequences of April (ML 4.5) and September 
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46 18' Fig. 9 - Epicentres of the 
main events of the Friuli 
sequence: red circles = 6 
May 1976 – 31 August 
1976; blue circles = 1 
September 1976 – 31 
December 1976; black 
circles = 1 January 1977 
– 31 December 1977. 
The numbers refer to 
Table 3.

Fig. 10 - Evolution of seismicity over time during the seismic sequence (May 1976 - December 1977): a) magnitude vs. 
time; b) cumulative number of earthquakes (red line) and cumulative energy release (green line) vs. time. It can seen 
that, after the high activity of May and June 1976, the sequence diminished in July and August to then resume its force 
in September, and, in practice, the whole energy was released by the main shocks of May and September.
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(ML 5.2). The two graphs of the cumulative number of events and cumulative energy release are very 
similar: the three episodes of May and September 1976 and September 1977 are well highlighted 
by both plots and it can be seen that almost the entirety of the energy was released during the 
cited three episodes (Fig. 10b). The spatial distribution of events (Fig. 11) illustrates, as already 
shown by the studies mentioned above, the NW-ward migration of the seismicity from May (Fig. 
11a) to September (Fig. 11b), although the crustal volume affected by the seismicity seems much 
broader than just that referring to the epicentral area of the main events. During 1977 (Fig. 11c), the 
seismicity moved further westwards but, again, a large region was affected by quakes.

7. The seismic sources

The focal mechanisms of the main events in the sequence were calculated both from the  rst 
arrivals of seismic waves (Console, 1976; Ebblin, 1976; Ritsema, 1976; Rouland and Peterschmitt, 
1976; Mueller, 1977) and from the inversion of surface waves (Cipar, 1980, 1981). While all 
interpretations of the main shock refer to a reverse focal mechanism, possibly with a small strike-
slip component, different mechanisms were initially proposed for some aftershocks: reverse or 
strike-slip. A general preference was given to reverse mechanisms, related to thrust faults ENE-
WSW oriented and gently dipping to the north, except in the case of a few strike-slip events that 
occurred to the west of the River Tagliamento (Wittlinger et al., 1978). Subsequent elaborations 
(Slejko et al., 1999; Aoudia et al., 2000; Pondrelli et al., 2001) con  rmed the compressional 
Alpine character of all the principal events of the sequence with a small strike-slip component; 
only the Cipar (1980) interpretation for the 15 September event at 03:15 identi  ed an almost E-W 
compressional motion with an evident strike-slip component.

Studying the tectonic stress derived from focal mechanisms, Ebblin (1980) identi  ed a possible 
inversion of the stress regime from reverse to normal at certain times and at particular focal depths.

Similar mechanisms for most of the events in the sequence were proposed by Slejko et al. 
(1999): they are of the reverse type with a low angle plane dipping towards N-NW, similar, 
therefore, to the main shock mechanism. The reconstruction of the stress  eld, obtained by the 
inversion of the same focal mechanisms indicates that it was not constant in time. After a  rst phase, 
which lasted until mid-September 1976, during which the stress  eld remained homogeneous and 
coherent with the regional tectonics, there was a mixed scenario after middle September, probably 
caused by the overlapping of local causes to the regional  eld.

The interpretation of the focal mechanisms of the seismic sequence of Friuli remains, then, 
well inserted in the geodynamic context of the Adriatic microplate movement, that occurs in this 
region mainly with the reverse mechanism of the Alpine faults along medium to low-angle north-
dipping planes and, to a lesser extent, with the transcurrent activity of some Dinaric faults.

Already the  rst interpretation of the sequence (Amato et al., 1976) set the hypocentres in the 
regional seismotectonic context and, considering that almost all earthquakes presented a focal 
mechanism associable to the activity of the Alpine low angle thrust faults, the events of May were 
associated with Buja - Tricesimo line, fault located in the Friuli foothills, while those of September 
to the Barcis - Starasella line (Periadriatic overthrust), located north of the Buja - Tricesimo 
line. The strong quakes of September were interpreted as due to the dynamic rebalancing after 
the decompression of the western rock blocks caused by the main shock. The surface cracks 
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Fig. 11 - Space evolution of the Friuli 
seismic sequence: a) 6 May 1976 – 
31 August 1976; b) 1 September 
1976 – 31 December 1976; c) 1 
January 1977 – 31 December 1977. 
Note the NW-ward migration of the 
seismicity (at least for major events), 
even though the shocks have always  
affected a very wide region.
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highlighted by geological surveys (Ambraseys, 1976, Bosi et al., 1976; Panizza, 1977), were 
not linked, however, to any seismogenic fault because of the complex tectonic framework of the 
epicentral area (Zanferrari et al., 2013).

An interpretation of the seismic sequence of Friuli, inserted in the context of the Adria microplate 
geodynamics was given by Rogers and Cluff (1979), who con  rmed the initial interpretation of 
Finetti et al. (1976), namely the Alpine character of earthquakes showing the fault plane dipping 
to the north with low-angle and reverse mechanism. Weber and Courtot (1978), considering all 
the information available (structural and geophysical data, satellite images, neotectonic activity, 
historical seismicity, macroseismic observations, spatial distribution of the aftershocks, focal 
mechanisms), reached the conclusion that the earthquake was caused by the NW-SE compression 
that activated existing both reverse and transcurrent faults.

Barbano et al. (1985) computed the focal parameters of major earthquakes of the sequence and 
identi  ed the Tricesimo - Cividale fault as one of the sources of the major events of the sequence, 
without resolving, however, the question of the Alpine or Dinaric character of the sequence.

Considering the sur  cial character of the foci, con  rmed also by the spectral analysis of some 
strong events of the sequence (Stoll, 1980), and since a connection between earthquakes and 
surface faulting is very dif  cult even in the light of the most recent studies (e.g. Pondrelli et 
al., 2001; Carulli and Slejko, 2005), a complex geometry, in depth, of the faults involved in the 
sequence has also been proposed, with their merging at the contact with the crystalline basement 
causing the generation of a detaching surface at the depth of about 10 km (Slejko et al., 1989). 
The same feature was already suggested by Siro and Slejko (1982), who studied the seismicity 
in Friuli in the years following the 1976 earthquake and found that the major seismicity was still 
associated to a deep thrust fault under the Tricesimo - Cividale fault, to the Tricesimo - Cividale 
line itself, and to the Periadriatic overthrust.

Amato and Malagnini (1990), through the tomographic inversion of local earthquakes from 
1984 to 1986, identi  ed a high density south-verging body at the depth of 5 to 10 km, which was 
interpreted as a wedge of the Paleocarnic Chain [this feature was already suggested by Castellarin 
(1979)]. This wedge overthrusts on the crystalline basement and may have been the main source 
of seismicity in Friuli and, consequently, of the 1976 earthquake.

From a comparative analysis of hypocentre relocations, long period surface wave inversion, 
 eld geology, and strong motion modelling, Aoudia et al. (2000) have concluded that the Friuli 

earthquake rupture was originated by a 19-km long fault-related folding developing from blind, 
under the Bernadia and Buja structures, to semi-blind, under the Susans structure, ending in the 
vicinity of the Ragogna fold. This model was shared by the interpretation (Cheloni et al., 2012) 
of the geodetic measurements available for the observed deformation, which are compatible with 
the blind fault of Buja as the seismic source of all major earthquakes of the sequence (main shock 
of 6 May and two aftershocks of 15 September). 

The statistical analysis of the time distribution of the events revealed a secondary sequence of 
aftershocks in September (Pasquale, 1985).

Also the studies conducted by Pondrelli et al. (2001) referred to the earthquake source. The 
authors, on the basis of locations and focal mechanisms processed by surface wave inversion, 
deduced that the majority of the events of the sequence were associated with the Periadriatic 
overthrust, while only two aftershocks in May 1976 affected/involved Dinaric structures.

New geological data and the review of the seismic ones relative to the sequence of 1976 
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(479 hypocentre locations and 123 focal mechanisms) have allowed the construction of a 2D 
structural model for the Southalpine Chain (Poli et al., 2002), whose vertical cross-sections show 
a south-verging thrust system with a backthrust characterized by a concentration of fractures in 
the carbonate rocks at 5-8 km depth at the latitude of Gemona. The stress redistribution caused 
by the sequence of 1976 produced a transfer of the deformation towards the western sector. 
Therefore, the main event of 6 May 1976 is believed to be associated with the Susans - Tricesimo 
fault, while the strong aftershock of 15 September is considered connected to the buried Trasaghis 
fault, a lateral ramp of the Pozzuolo line (Galadini et al., 2005). Other pieces of evidence, such 
as the considerable Quaternary deformations both on the surface and in the seismic pro  les, 
the capacity of this fault to generate very large earthquakes (MW around 6.5), and the damage 
distribution (Rovida et al., 2016), mostly located in the hangingwall of the Susans - Tricesimo 
thrust, contribute to con  rm this interpretation (Poli and Zanferrari, 2018). 

The catalogue of active faults in Italy (Burrato et al., 2008) highlights the sources of the main 
seismic episodes of the Friuli sequence. These sources are: Gemona South, for the 6 May main 
event; Tarcento, for the magnitude 5.6 11 September quake; Montenars, for the magnitude 5.9 15 
September shock; and Gemona East, for the magnitude 6.0 15 September event (Fig. 12).

A recent interpretation of the Friuli sequence is owed to Cheloni et al. (2012) who, on the 
basis of geodetic measurements available for the observed deformation, identi  ed the blind fault 
of Buja as the seismic source of all major earthquakes of the sequence (main shock of May 6 and 
the two strong aftershocks of 15 September). Assuming that all the deformation accumulated in 
the convergence process between Adria and Eurasia is released in a single earthquake, the same 
authors calculated a 500-700-year recurrence interval for an earthquake of magnitude comparable 
to that of the 1976 event.

An interesting picture of the sequence was proposed by Moratto et al. (2012), who modelled 
the seismic sources of the four strong earthquakes of September 1976 as  nite faults by computing 
 nite-fault synthetic seismograms for several possible proposed fault models and nucleation 

locations. Their four best-  t models were mainly based on the focal mechanisms of Slejko et al. 
(1999) and seem to be well related to the Periadriatic overthrust, with a progressive east-to-west 
migration in time of the seismicity. 

Fig. 12 - Seismic sources in the 
southern Alps (modi  ed from 
Burrato et al., 2008). The sources 
of the major earthquakes of the 
1976 sequence are highlighted: 6 
May (red rectangle), 11 September 
(blue rectangle), 15 September 
03:15 (green rectangle), and 15 
September 09:21 (violet rectangle).Adriatic Sea
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Recently, on the bases of new geological mapping (Zanferrari et al., 2008, 2013) and new 
interpretation of the seismic lines of the Friuli foothills (gently supplied by ENI), a new structural 
model of the Friuli region has been proposed by Zanferrari et al. (2013). There, a close relationship 
is suggested between the right lateral strike-slip system Idrija–Ampezzo (extending from the 
Isonzo valley in western Slovenia to the high Tagliamento valley in Carnia) and the south-verging 
thrusts that characterize the Julian foothills and the high piedmont Friuli plain (Gemona–Kobarid 
thrust, Susans-Tricesimo thrust, Buja thrust, Pozzuolo thrust, Udine thrust). This model could 
represent a new key to better understand the development of the Friuli sequence, even now not 
entirely clari  ed. 

8. Forecasts of the Friuli earthquake

Two particular possible forecasts are reported in the literature related to the Friuli earthquake 
(Rebez et al., 2018): the occurrence in the Latisana area (southernmost sector of the Friuli plain 
facing the Adriatic Sea) of some shocks of low magnitude in the winter preceding the earthquake 
and the recording by the Marussi pendulums, located in the Grotta Gigante on the Trieste Karst, 
of some low frequency disturbances, never registered before or thereafter. 

Between November 1975 and February 1976, four earthquakes of magnitude between 2.5 and 
3.5 were clearly felt by the population in the area of Latisana, considered until then practically 
aseismic and not characterized by the presence of known faults. Finetti et al. (1979) hypothesized 
that the Latisana earthquakes could have been a precursory phenomenon of the 6 May earthquake, 
caused by microfractures developed during an over-stress phase on a gentle undulation identi  ed 
in the area by seismic exploration surveys, which should be indicative of the active geodynamic 
compression.

On 26 January 1973, an evident jump was recorded on both components of the Marussi 
pendulums (Chiaruttini and Zadro, 1976) and some anomalous disturbances, in the following 
hours. This type of perturbation was repeated more and more frequently later, and stopped 
abruptly with the shock of 6 May; they appear again, albeit weakly, before the September 
aftershocks. Since then, that kind of perturbation has not been recorded anymore (Braitenberg, 
personal communication). Chiaruttini and Zadro (1976) suggested that those perturbations were 
connected to phenomena either of creep or pre-seismic dilatance. Conversely, the occurrence of 
silent earthquakes, a sort of slow sliding below the focal zone of the 6 May event, was suggested 
by further studies as the source of the observed oscillations (Bonafede et al., 1982, 1983). 

Both the shocks of Latisana and the disturbances on the pendulum of the Grotta Gigante were, 
therefore, interpreted as possible precursory phenomena of the Friuli earthquake (Finetti et al., 
1979; Bonafede et al., 1982, 1983), even if both phenomena have not yet found a robust scienti  c 
interpretation.

Indications on the possible occurrence of events with an ML greater than 4.0 during the Friuli 
sequence were also detected, a posteriori, by Wittlinger et al. (1978) from the analysis of the 
VP /VS ratio. In the following years, some recordings of the stations of the clino-extensimetric 
network operating in Friuli since 1977 (Dal Moro and Zadro, 1999; Dal Moro et al., 2000) showed 
strong anomalies in concomitance to two main (ML 4.1 and 3.9) earthquakes which occurred close 
to some stations, suggesting, therefore, that precursory signals of seismic events can be detected 
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only at distances comparable to that of the seismic source. A similar possible precursory signal of 
the 6 May earthquake was also identi  ed, a posteriori, by Biagi et al. (1976) in the pre-seismic 
crustal variations evidenced by the clinometric records at the Ambiesta dam (SW of Tolmezzo); it 
is worth noting that a similar signal was also recorded in the case of the earthquake of 11 October 
1954 with epicenter around Gemona.

9. Conclusions

The earthquake on 6 May 1976 in Friuli was the  rst strong Italian earthquake studied 
with data and scienti  cally advanced methods. It probably represents the maximum potential 
earthquake that the Southalpine structures can express, although larger earthquakes cannot be 
totally excluded (Benvegnù et al., 1978; Cheloni et al., 2014).

As described before, the tectonic complexity of the region has made the association of 
hypocentres of the Friuli sequence to faults extremely dif  cult. Also for this reason, the autonomous 
Region of Friuli Venezia Giulia funded, as part of action for the reconstruction of the earthquake-
stricken areas, the realization of a regional seismomentric network that was inaugurated on 6 
May 1977 with the  rst three stations, located in the epicentral area (see Santulin et al., 2018). In 
the following years, the number of stations increased, reaching its present con  guration with 21 
stations, which are complemented by those of the Veneto Region and the autonomous provinces 
of Trento and Bolzano to form the North-East Italy Seismic Network. The improvement of the 
hypocentre locations, obtained through the better distribution of the stations of the regional 
seismic network today, allows a good de  nition of the seismically active volumes. Consequently, 
also the connection with the faults is facilitated, even if the association of an earthquake to the 
generating fault remains affected by large uncertainties.

At the present state of knowledge, it can be stated that the seismic sequence begun on 6 
May 1976 represents the evolution of a complex phenomenon that affected many reverse Alpine 
tectonic structures, often blind, even if activity also on Dinaric faults [e.g. strong quakes of 7 
and 9 May (Pondrelli et al., 2001)] cannot be ruled out. A general agreement can be found in the 
literature for the source of the 6 May main shock, even taking into account the slightly different 
opinions that geologists have on the deep geometry of the faults in the epicentral area. In fact, the 
main shock is associated with the Susans-Tricesimo fault (Galadini et al., 2005; Burrato et al., 
2008; Poli and Zanferrari, 2018), a new interpretation (Poli et al., 2002) of the Buja-Tricesimo 
line of Finetti et al. (1976). Cheloni et al. (2012) share this interpretation, as do Aoudia et al. 
(2000), who also suggest distinct segments for this event. Other studies (Barbano et al., 1985) 
relate the main shock to the Tricesimo-Cividale overthrust (Colle Villano Thrust in Fig. 3) and to 
the Periadriatic overthrust (Pondrelli et al., 2001). Different interpretations were also proposed for 
the events of September 1976: they were associated either to the Periadriatic overthrust (Amato 
et al., 1976; Pondrelli et al., 2001; Moratto et al., 2012) or to the Trasaghis fault, a lateral ramp 
of the Pozzuolo line (Poli et al., 2002; Galadini et al., 2005; Burrato et al., 2008) or to the Buja 
blind thrust as the unique source for the whole 1976 sequence (Cheloni et al., 2012). Finally, the 
September 1977 event (ML 5.4) occurred west of the Tagliamento River and it was associated with 
the western part of the Periadriatic overthrust (Suhadolc, 1981, 1982).

The question of whether the faults responsible for the earthquakes of the 1976 - 1977 Friuli 
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sequence activated or not the crystalline basement remains open, although the majority of the 
proposed interpretations (e.g. Siro and Slejko, 1982; Slejko et al., 1989; Moratto et al., 2012) 
share the opinion that they did not.

A detailed interpretation of the activated structures in the sequence (Burrato et al., 2008) 
identi  ed four faults speci  cally responsible for the stronger shocks: in practice, those faults 
released the whole elastic energy of the sequence. The tectonic complexity of the affected region, 
with its numerous especially reverse fault systems, and the intermittent release of elastic energy 
with three major episodes (6 May, 11 and 15 September 1976), without also considering the 
strong earthquake of 16 September 1977 which occurred again in the epicentral area, probably 
characterize the earthquake of 1976 as the maximum event that the seismic sources of the central 
Friuli can generate .

For the above reasons, it is important to glean as much as possible from the data of the sequence 
starting on 6 May 1976, and from those recorded in the following years in order to accurately 
identify the active seismic sources in north-eastern Italy and to de  ne their characteristics 
(maximum magnitude and recurrence interval).
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ABSTRACT The paper presents an overview of the history of oil drilling, carried out to investigate the 
deep tectonic structure of the Friuli Venezia Giulia region, up until a modern interpretation 
of the deep structural style obtained from the data of the Bernadia well. Many studies 
following the earthquakes of 1976 have led to the formulation of a seismotectonic 
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1. Introduction

The knowledge of the deep underground was significantly increased by the progress in 
gathering data from Applied Geophysics. Consequently, data obtained from refraction seismics, 
and especially from reflection seismics, have been gaining considerable attention. Beyond the 
work conducted with this objective by geologists of oil companies, the availability of data, 
protected as trade secrets, has not always been so immediate. For this reason, the release of 
commercial seismic profiles were often expected by the scientific community of Earth Sciences 
with great impatience.

Knowledge of the deep geology of the Friulian chain and the underground began with the 
prospecting campaign conducted by the state owned oil company AGIP for oil exploration 
(Pieri, 1984). Following the discovery of the gas deposits at Cortemaggiore (central part of the 
Po Plain, northern Italy) in the late 1940s, the Italian government awarded AGIP the exclusive 
licence for oil and gas prospecting in the Po Plain (north-eastern Italy). With this action, all 
foreign and Italian private companies, such as Edison and Montecatini, also active in the search 
for hydrocarbons, were excluded.

In the 1960s, AGIP began an extended series of nationwide campaigns of drilling which also 
involved the eastern Veneto plain, following the farsighted and enterprising policy by Enrico 
Mattei. Among the most interesting campaigns, for a detailed knowledge of the deep subsurface 
of Friuli Venezia Giulia and for anchoring the seismic profiles, it is worth mentioning (AGIP, 
1977) the wells drilled in the Veneto region Jesolo 1 and San Donà di Piave (both in 1956), 
Eraclea 1 (in 1957), Belluno 1 and Cesarolo 1 (both in 1960), Sedico 1 and Cavanella 1 (both 
in 1961), next to the western Friuli border, and offshore in the northern Adriatic Sea the wells 
Assunta 1 (in 1976) and Amanda 1 bis (in 1979), essential for the knowledge acquired with the 
7,305 m depth reached.
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In the Friuli Venezia Giulia region, the AGIP drillings began in 1955 with the wells Buttrio 
1 and, thereafter, with Bernadia 1 (1959), Lavariano 1 (1962), Terenzano 1 (1963), these last 
two limited in depth and close to each other, Gemona 1 (1986) and Cargnacco 1 (1993). This 
latter, reaching 7163 m at the bottom of the hole, is one of the deepest wells drilled onshore 
in the entire national territory. In addition, of note is the SPAN 1 well (acronym of San Pietro 
al Natisone, created in 1976 by a private industrial consortium) and the recent wells for 
geothermal research Grado 1 and Grado 2, drilled, respectively, in 2008 and 2014 (reaching 
depths of 1106 and 1200 m) by the Autonomous Region of Friuli Venezia Giulia with European 
funds and intended for district heating of the Grado seaside resort. The wells produced new 
stratigraphic and important structural data for the regional subsoil.

Moreover, it is important to cite the deep campaigns conducted outside industrial interests 
mainly by the Osservatorio Geofisico Sperimentale (OGS, now Istituto Nazionale di 
Oceanografia e di Geofisica Sperimentale), which were chiefly related to the marine and coastal 
environment with a series of exploratory campaigns conducted since 1949 with refraction 
seismics (Finetti, 1967) and gravimetric (Morelli, 1975) investigations.

Much deeper geophysical explorations, conducted again by OGS with the Deep Seismic 
Soundings (DSS) refraction seismics technique, were focused on the entire Adriatic lithosphere, 
plotting the lower limit of the crust (Moho) and defining depth and thickness of the crustal units 
on the basis of changes in seismic velocity (Finetti and Morelli, 1972; Morelli and Giese, 1973; 
Aric et al., 1976; Giese et al., 1980, 1981; Italian Explosion Seismology Group and Institute 
of Geophysics-E.T.H. Zürich, 1981; Nicolich and Dal Piaz, 1990). For researchers who had no 
access to AGIP data, there was therefore a knowledge gap between the tectonic surface structures, 
detected on the ground by geologists(1), and those very deep ones interpreted by geophysicists.

2. The modern interpretation of the deep structural style

The turning point in beginning to bridge this gap was Martinis’(2) (1966) work, who, already 
in the title “Evidence of large thrust faults in the Friulian and Venetian Alps”, proposed the 
dominant tectonic style by reinterpreting the structures interpreted at that time as recumbent 
fold. His work was based on data obtained from the Bernadia 1 well, in the Julian Prealps, 
drilled by AGIP in 1959 and reaching -2570.50 m downhole (Fig. 1). The Martinis (1966) 
study identified broad thrusts, also confirmed to the west (Zanferrari, 1973), involving SE-, S-, 
SW-verging structural units affecting the whole area (Fig. 2). Since then, this model has been 
extended to the entire tectonic structure of the foreland. It is important to note that Feruglio 
(1925) had already suggested that the pre-Alpine flexure interpreted by Dainelli (1921), which 
characterizes the front of the Cretaceous ellipsoids (Ciaurlec, Pala, Bernadia, Matajur, Mia, 
etc.), was uprooted and shifted to the south due to extended low-angle faults (Fig. 3).

(1) The geological sections attached to the Illustrative Notes of the regional sheets of the old geological map of Italy, 
produced between the 1920s and 1950s, extrapolated surface data up to a maximum depth of a few hundred metres 
below sea level.
(2)

several decades at AGIP, before turning to the academic career.
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Fig. 1 - Geological cross-sections across the Bernadia Mount (Martinis, 1971): A) old interpretation as asymmetric 

Bernadia 1 well.

In effect, the collaboration between geologists and geophysicists was not limited to within 
the oil companies but also extended between companies and universities and among several 
academic and scientific institutions, inside and outside universities. This kind of cooperation 
would find, from the 1990s on, its highest expression in the CROP national projects and in the 
TRANSALP cross-border projects.

Before the activation of such projects, the interpretation of data provided by geophysical 
research was focused mainly on the knowledge and improvement of the deep structural setting, 
without taking into account, except in rare cases, the association of tectonic structures to 
seismicity, namely the regional seismogenesis.

For these reasons, the earthquakes that struck Friuli in 1976 (Carulli and Slejko, 2005; 
Slejko, 2018) found the scientific community of the Earth Sciences quite unprepared to face 
such a dramatic event about which it had no direct experience. The only regional research 
institution seeking to keep up with the times, largely because of its official duties, was the OGS 
that became the main scientific reference body for a scientifically appropriate communication 
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Fig. 3 - Tectonic sketch of the Friulian pre-Alps (Feruglio, 1925).

Fig. 2 - Tectonic sketch of the Friulian pre-Alps and Alps (Martinis, 1971).
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with the local population and the media(3). Among other documents appearing in the public 
domain, it is worth mentioning the isoseismal map of the 6 May 1976 main shock (Fig. 4) 
elaborated by Giorgetti (1976).

The series of shocks started on 6 May was a rude awakening for the researchers and 
professional bodies and made the scientific community (geologists, geophysicists, engineers, 

Fig. 4 - Isoseismal map of the 6 May 1976 Friuli earthquake (Giorgetti, 1976).

(3) It is worth noting that exactly one year after the 6 May earthquake three seismometers were installed by OGS as 

short-period and 5 broadband stations mainly located in the mountains and foothills of Friuli. Over the decades, the 
instrumentation has achieved an increasingly advanced level of technology to allow the transmission of real-time data 
via radio-link, via the Internet, and by satellite to the Civil Protection and the Prefectures.
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architects, etc.) aware of the problem of seismic risk in Italy, marking a milestone in research 
aimed at risk mitigating (see Slejko et al., 2018).

Indeed, after the immediate emergency interventions, even the scientific feedback was soon 
ready. Just seven months after the events of May and two and a half months after those of 

5 December 1976. The conference was organized by the International Centre for Mechanical 
Sciences (CISM) under the patronage of the Region Friuli Venezia Giulia and the European 
Association of Seismic Engineering. It was an important moment of exchange in the scientific 
community, of acculturation and data transfer for accurate information, through the presentation 
and discussion of 67 scientific papers related to topics of Seismology, Geophysics, Geology and 
Earthquake Engineering. With several hundred researchers attending, the conference had an 
international participation and resonance and marked the beginning of a fruitful interdisciplinary 
work. The conference proceedings were published in a 1626-page issue of the “Bollettino di 
Geofisica Teorica ed Applicata” (BGTA), an international scientific journal published by OGS, 
which was made available to the scientific community in a very short time. The geological map 
of the entire Friuli Venezia Giulia region (Amato et al., 1976), albeit on a very small scale and 
in black and white (Fig. 5), appeared for the first time in that volume; the map was designed 

Fig. 5 - Geological map of the Friuli Venezia Giulia region (Amato et al., 1976).
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on the basis of the data provided by two companies, namely AGIP and SNIA Viscosa. The 
same authors also published the regional seismotectonic map, overlapping the isolines of the 
maximum expected intensity (Mercalli - Cancani - Sieberg scale) for a return period of 1000 
years on the sketch of the main tectonic features (Fig. 6). Finetti et al. (1976) showed the 
epicentral distribution (Fig. 7) recorded by a local seismometric network operating in central 
Friuli during the seismic sequence and a geological section (Fig. 8), where the hypocentres were 
screened showing their NW-ward migration and their correlation with the deep sliding plane 
known as Buja - Tricesimo fault. In the same volume, the seismotectonic map of Friuli region, 
western Slovenia and Istria (Arsovski et al., 1976) was also published (Fig. 9).

AGIP contributed to the geological knowledge of the deep underground of the area hit by 
the 1976 earthquake. It applied its expertise gained from over 1,000 km of seismic reflection 
profiles, recorded in the region from 1972 to 1974 with a multi-channel digital acquisition 
(Fig. 10), from gravimetric maps with the Bouguer anomalies, obtained from about 6,000 

Fig. 6 - Seismotectonic map with main tectonic features, seismicity, and isolines of the maximum expected intensity for 
a return period of 1,000 years (Amato et al., 1976).
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Fig. 7 - Epicentre distribution of 10 to 14 May (green) and 30 September to 10 October (red) 1976 determined by a local 
teleseismic network (Finetti et al., 1976).

Fig. 8 - Geological section crossing the area hit by the 1976 earthquakes, highlighting the hypocentres of 10 to 14 May 
(green) and 30 September to 10 October (red) 1976 (Amato et al., 1976).
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Fig. 9 - Seismotectonic map of Friuli Venezia Giulia and surrounding areas (Arsovski et al., 1976).



360

Boll. Geof. Teor. Appl., 59, 351-372 Carulli

(Amato et al., 1976).

stations, as well as from drilling reports and electrical logs of the aforementioned boreholes. 
AGIP also produced, upon request of the Italian Council for Research (CNR), 64 km of digital 
multichannel seismic lines in the disaster area. All this information allowed the structural setting 
of the reconstruction of the subsoil to a depth of about 5 km in the southern part of the Friuli 
Plain and 3 km in the northern one.

An interpretation of the seismic sequence of Friuli, inserted in the geodynamic context of 
the Adriatic microplate, was also given by Colautti et al. (1976) and Finetti et al. (1979), who 
confirmed the Alpine nature of the earthquakes with a low angle fault plane dipping to the north 
and the reverse mechanism.

3. Studies following the 1976 earthquakes

The researches conducted as part of the “Progetto Finalizzato Geodinamica” (PFG), financed 
by the CNR, also began with the earthquakes of 1976. PFG was launched in 1976, and the Friuli 
earthquake was to prove a testing ground for its coordination and start of operations. PFG was 
divided into six sub-projects (SPs), four of which were related to the issues of earthquakes: seismic 
networks, seismic risk and earthquake engineering, structural model, and neotectonics. The latter 
issue was particularly challenging for the geological community and decisive, in cooperation with 
seismologists, for updating the knowledge on seismotectonics and seismogenesis.

For the studies referring to Friuli Venezia Giulia, various operating units were created 
requiring the geological interventions of several universities (Bologna, Ferrara, Milan, Modena, 

(4), and of other 

(4)

1976 earthquakes; two years later, the local Institute of Earth Sciences was created, though researchers here were 
already making contributions right from the time of the immediate emergency.
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Regional Authorities (Emilia Romagna, Liguria, Lombardy, Piedmont, Veneto, etc.).
The PFG represented a turning point in Italian research since it was a new method to deal 

with scientific problems. Firstly, it introduced the fundamental principle of interdisciplinary 
pooling skills of geologists, geophysicists, engineers, architects, historians, economists, 
sociologists, etc. (categories, up to that time, often confined to their respective specialist 
spheres) with the consequent professional and cultural mutual enrichment. From a management 
perspective of the research, a general coordination was established, ending disconnected 
initiatives. Better compliance with schedules and timing was achieved through previously 
unusual cadences (half-yearly progress reports, annual conferences). This gave greater stimulus 
to in-depth and continuous research, as well as to scientific comparison. Eventually, a very 
important element was represented by the goal of the researches, highlighted by the term 
‘project’, i.e., studies with a direct impact on society and not merely academic research.

Within the SP Neotectonics, the Plio-Quaternary evolution of Friuli Venezia Giulia was 
studied (Carulli et al., 1980) and the map of the neotectonic evolution in north-eastern Italy was 
produced (Zanferrari et al., 1982). It contained, through the critical analysis of linear and areal 
structural elements, the assessment of the tectonic behaviour of the area during 4 periods of its 
evolution, from upper Pliocene to Present, with the elaboration of the related tectonic maps.

The works carried out in the framework of the SP Structural Model of the PFG saw, instead, 
the tectonic review and updating (Castellarin, 1981) of all 12 geological sheets referring to 
Friuli Venezia Giulia, considering that the elaboration of some of them dated back to the 1920s.

As part of the initiatives promoted by the PFG, it is worth remembering the decisive 
participation of AGIP, with the interpretation, through the integration of geological and 
geophysical (gravimetric and magnetic) data, of the seismic profiles performed throughout the 
Po Valley in the fundamental works of Pieri and Groppi (1981), Cassano et al. (1986) (Fig. 11), 
and by Cati et al. (1988), in north-eastern Italy, aimed at reconstructing the buried margin of the 
thrust and fold belt of the eastern Southern Alps (Fig. 12).

The line of research “Seismotectonic Map of the Alps”, operating within the cited SP, saw 
the commitment of all the researchers involved in the study of the Alpine chain and led (Carulli 
et al., 1981) to a first comparison of data on the crustal model (Italian Explosion Seismology 
Group and Institute of Geophysics-E.T.H. Zürich, 1981), and those coming from seismology, 
structural geology, and neotectonics, with the purpose of defining the seismogenic zones of 
Friuli, as a basic condition for a correct and accurate assessment of the regional seismic risk. 
In fact, in some later works (Carulli et al., 1982; Slejko et al., 1987, 1989), further structural 
data and the OGS hypocentral locations were reported on three strategically located geological 
sections placed at the centre of a variable strip ranging between 6 and 10 km in width (Fig. 13).

The CROP (CROsta Profonda) project (see www.crop.cnr.it, where further details can be 
found), set up in 1982-1985 with an overall feasibility study, had a first phase of implementation 
(1985-1988) as a CNR Strategic Project. Since the 1990s, it developed through CNR 
agreements among CNR, ENI-AGIP and ENEL, which enabled the acquisition, processing and 
interpretation of some 10,000 km of reflection seismic profiles on land and, for the most part, 
marine. Through these agreements it was possible to establish an interaction on basic scientific 
research between public and private industry and the community.

The CROP project was a multidisciplinary research program aimed at achieving the 
following objectives through the study of geophysical data: understanding the basic geodynamic 
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processes that have produced the current configuration of the Italian territory, the definition and 
prevention of geological risk, the search for energy resources (hydrocarbons and geothermal 
energy), the identification of stable areas to establish industrial areas, and the disposal of waste 
in the safest conditions. The information gained from the project led to the revamping of basic 
geological models, thanks to the new knowledge on the deep geometry of the Earth’s crust, 
and the work of revision and integration of all existing geophysical and geological data. At the 
same time, this research activity promoted the Italian technological development in the field of 
deep seismic reflection exploration and of the processing and interpretation techniques of NVR 
seismic data. With the CROP project, Italy was inserted in the group of countries engaged in the 
scientific study of the deep crust together with the England (project BIRPS), France (project 

COCORP).

Cassano et al., 1986).
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Fig. 12 - Geophysical and geological section in the eastern Alps. The circle shows the buried margin of the thrust belt 
et al., 1988).

Three CROP profiles, with international cooperation, were made on the Alpine mountain 
chain, crossing the western Alps (ALPS CROP-1, south-eastern continuation of the French 
ECORS profile), the central Alps (transects CROP 1-2-3-4), jointly with the Swiss NFP 20 
EAST profile, and the eastern Alps (TRANSALP), in cooperation with Austria and Germany 
(Finetti, 2005). The latter ran in an almost N-S direction from Monaco to Venice, hence 
crossing all the structural units of the chain, from the Bavarian molasses to the Po foredeep. The 
mountain sector of Friuli was, therefore, not directly involved but some important information 
was obtained, also because it stimulated different interpretations on how to extend the crustal 
data eastwards (Castellarin et al., 2003, Lammer and TRANSALP Working Group, 2003).

The offshore profile CROP M-18, however, carried out with a NE-SW direction in the 
northern Adriatic Sea (Fig. 14), traversed, in its north-eastern portion, the Gulf of Trieste. The 
sedimentary cover, calibrated on the Amanda 1 well, showed a weak progressive increase in 
thickness towards SW and a resulting thickening of the crust under the Friuli and the Istria 
platforms.
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In the design phase of the CROP 1 profile, for the Carnia sector, a deep geological section 
was proposed (Carulli and Ponton, 1992) parallel to the planned route for the extreme north-
eastern transect of the same profile: this north-eastern transect was, unfortunately, never 
realized. The cited section, extending for approximately 70 km in the N-S direction, hence 
perpendicular to the structural axes of the mountain chain, extended from the Gail Valley to 
the northern Friuli plain and had been made on the basis of both published and unpublished 
geological and geophysical (DSS, magnetic, and gravimetric) data. The hypocentres of the 
earthquakes recorded between 6 May 1977 and 31 December 1989 by the Seismometric 
Network of Friuli Venezia Giulia, managed by OGS, were reported on a 10-km wide band, 
having the section itself as axis (Fig. 15).

The proposed section shows the extent of the involvement of the basement in the Alpine 
shortenings. It is always dislocated from the main faults forming the different structural units. 
The main faults show high-angle and out-of-sequence structures at the rear of a regional nature.

Considerable analytic progress in deep structural knowledge, especially of the mountain 
sector, was provided by Merlini et al. (2002) along a geological profile between the Fella - Sava 
line and the Adriatic foreland, extrapolated to depths of 8-10 km below sea level.

4. The new cartography

The late 1990s were characterized by a remarkable cartographic production in Italy, thanks 
especially to the project “CARtografia Geologica” (CARG), promoted by the Geological Survey 
of Italy [SGI, then APAT, and today converged in the Istituto Superiore per la Protezione e la 
Ricerca Ambientale (ISPRA)], in line with the mapping programs adopted in other European 

Fig. 13 - Geological geophysical cross-section, 10-km wide, across the Paleocarnic Chain and the western Friulian pre-
Alps (Slejko et al., 1989). Different symbols refer to foci recorded by the OGS seismometric network of Friuli Venezia 
Giulia in different periods: squares from 1977 to 1978; triangles from 1979 to 1981; rhomboids from 1982 to 1986. The 
velocities refer to horizons revealed from refraction seismics.
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Fig. 15 - Seismo-geological section across the Carnian and Friulian Alps. The circles show the hypocentres of the 
earthquakes recorded between 6 May 1977 and 31 December 1989 by the OGS seismometric network of Friuli Venezia 
Giulia (Carulli and Ponton, 1992).
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characteristics of the Italian territory and at the realization of geological and geothematic sheets 
at a 1:50,000 scale, most appropriate to summarize the need for a regional synthesis and more 
detailed than the preceding sheets at the 1:100,000 scale.

The Friuli Venezia Giulia Region, also considering the age of the existing geological sheets 

Geological Survey, the construction of the sheets “065 Maniago” (Zanferrari et al., 2008a), “066 
et al., 2008b), “086 San Vito al Tagliamento” (Zanferrari et al., 2008c), “049 

Gemona del Friuli” (Zanferrari et al., 2013, still in print but published on the web by ISPRA), 
and “031 Ampezzo” (Venturini, 2009; Venturini et al., 2009), all accompanied by the related 
explanatory notes. The cognitive tools, such as the surface and subsurface geological data, 
essential for proper land planning and management and, more particularly, for the prevention 
and mitigation of the geological and seismic risks, have been made available in such a way.

The “Map of the subsoil of the Friuli plain” (Nicolich et al., 2004) was also published 

The map reports the thickness of the Quaternary deposits of the plain, together with the depth of 
the top of the carbonates, five deep geological sections, and the lithostratigraphic sections of the 
wells drilled in the region in the search for hydrocarbons. This document is of great importance 
because it provides the scientific community with the processing and interpretation of industrial 
data for the deep subsurface.

Most of these data are summarized in the “Geological Map of Friuli Venezia Giulia at the 
scale 1:150,000” (Carulli, 2006), published by the Geological Service of the Friuli Venezia 
Giulia Region. This map includes the accompanying notes, some geological sections, and other 
summary maps, useful to understand the regional reality and the natural history.

5. Seismotectonic research

In the late 1980s, the results of innovative research led to the “Seismotectonic Model of 
north-eastern Italy” (Slejko et al., 1987, 1989), published by CNR and the National Group 
for the Defence against Earthquakes (GNDT). The skills of structural geologists, applied 
geologists, geomorphologists, geophysicists and seismologists, related to OGS and the 

project, demonstrating the interdisciplinary approach and collaboration promoted by the PFG 
philosophy. The study analyses and compares all the geological and geophysical data available 
on the wide area characterized by high seismicity, extending from Lake Garda to the Slovenian 
border and from the Adriatic Sea to the Austrian border.

From a geological point of view, a structural model and a neotectonic model were developed 
first. In the former, the areas with a different behaviour were identified: they correspond 
to sectors having different pre-Quaternary geological evolution. In the second, the tectonic 
evolution in the Pleistocene-Holocene interval was highlighted. From the geophysical point 
of view, the geophysical, geodetic, gravimetric, magnetic, and especially seismological data, 
were analysed. The latter, based on the spatial distribution of both historical and instrumental 
earthquakes, identified the high seismicity area in the foothills.
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Four distinct kinematic-structural megaunits were proposed in such a way (Fig. 16); based 
on seismological considerations; these were then divided into ten homogeneous zones from the 
seismogenic point of view (Fig. 17).

The seismotectonic studies continued also in order to define a more precise location of the 
source of the 6 May 1976 main shock and of those of September the same year. Immediately 
after the event, the first location of the main shock was roughly defined by the seismologists of 
OGS Trieste station (TRI), belonging to the World Wide Standardized Seismographic Network 
and closest to the epicentre, in the Mount San Simeone area and released to the information 
media(5).

For this purpose, specific seismotectonic studies continued and have been refined in parallel 
with the improvements in interpreting the regional deep tectonic structures, while the active 
faults and related seismic sources were also defined (Aoudia et al., 2000; Galadini et al., 2001, 
2005; Poli et al., 2002, 2008; Carulli and Slejko, 2005; Burrato et al., 2008; Cheloni et al., 
2012; Moratto et al., 2012; Bressan et al., 2016).

Fig. 16 - Kinematic and structural units in north-eastern Italy (Slejko et al., 1989). Legenda: 1 - Alps s.s. and northern 
sector of the Southern Alps; 2 - External Dinarides; 3 - southern sector of the Southern Alps; 4 - Southern Alps and  
Apennines foreland. Tectonic limits: a - Insubric Lineament; b - Valsugana line (at west) and Fella-Sava line (at east); 
c - Southern Alps front; d - External Dinaric front; e - Schio-Vicenza line.

(5) In the collective imagination of legends and folklore in Friuli, Mount San Simeone was for years, and still is for many 
of the elderly, the home of the “orcolàt”, the enormous evil ogre who sometimes comes out of his den, trampling on the 
mountains heavily and causing earthquakes.
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Fig. 17 - Seismotectonic model of north-eastern Italy (Slejko et al., 1989).

The framework of active Pliocene-Quaternary faults in the entire eastern Southern Alps, 
from Thiene to Friuli, were defined in the seminal work of Galadini et al. (2005), on the basis 
of new geomorphological and structural data. The authors identified ten seismogenic sources 
as potentially responsible for earthquakes with M
the Southern Alpine front. Six of these sources (Arba-Ragogna, Cansiglio, Gemona-Kobarid, 
Medea, Polcenigo-Maniago, Susans-Tricesimo and Trasaghis) belong to fault segments of the 
Friuli region. The epicentres of the main events, highlighting those of 6 May and 15 September, 
according to the locations of Slejko et al. (1999), Peruzza et al. (2002), and Poli et al. (2002), 
are projected on a N-S oriented geological section from the Gail Valley to the Cargnacco, 
Lavariano and Terenzano wells (Fig. 18).

The geometry of tectonic structures, as well as the interrelationships between them and 
the different evolutionary stages they have undergone over time, are illustrated in the volume 
of Ponton (2010), through 8 longitudinal and transversal geological sections with respect to 
the Alpine chain. On some of these central eastern sections (Fig. 19), Bressan et al. (2016) 
projected the hypocentres of the earthquakes located by OGS. They stressed the spatial 
organization of the seismicity in Friuli and western Slovenia and its relationship with the 
complex structure resulting from the overlapping of several tectonic phases that caused the 
maximum interference between the Alpine and Dinaric domains.

Finally, making a brief retrospective summary, it can be considered that the structural 
model of the seismic area affected by the 1976 and following earthquakes has remained 
largely unchanged, although greatly enriched by a better definition of the tectonic structures 
and, especially, their seismogenesis. Moreover, only in the 1980s was the importance of the 
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et al., 2005). The two segments 
show the DISS seismic sources intersected by the section.

discipline “Structural Geology” recognized. It became a key discipline in the Italian universities, 
becoming an independent scientific field (GEO/03) in the macrosector of Geosciences in 1990, 
and, in quick succession, a focal point of very active research groups.

5. Conclusions

In conclusion, it is worth highlighting that the scientific work triggered by the 1976 
earthquake, from that date until today, adds up to more than 300 papers [see a summary in 
Slejko (2018)]. These demonstrate that this event was, and still is, a topic whose importance has 
never been matched in the Italian seismic history.

Further studies, under improvement and refinement, are still in progress by researchers 
of Earth Sciences who are interested in understanding the seismic risk in Friuli Venezia 

et al., 2016).
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Giulia (Poli and Zanferrari, 2018; Rebez et al., 2018). They are conscientiously involved in 
these issues that have a profound impact on the entire society, being aimed at an ever-greater 
definition of seismic hazard and risk as priority instruments for the defence against earthquakes.

Acknowledgements. Many thanks are due to Dario Slejko for important suggestions, to Alessandro Rebez 
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1. Introduction

I believe that the emergency of the Friuli earthquake, especially regarding how it has shaped 

and the coordination of relief and assistance were characterised, and in many ways guided, by the 
sequence of the two earthquakes of May and September in 1976.

In my recollection of operations, I tend to distinguish a very early phase concerning the impact 
of the event with its immediate effects on the population and territory, and how to start and 

July), relating in particular to the care of the homeless in tents and caravans and immediate repair 
of repairable damage. Then, there was an intermittent non-commissioned management period 
up to 13 September, which saw the unsuccessful attempt by the Friuli Venezia Giulia Region to 
facilitate the resettlement of those displaced before winter. Lastly, there was a second government 
appointed commission period, characterized by the exodus to the tourist accommodation structures 
along the Friuli and Veneto coasts, and the rush to set up provisional prefabricated dwellings and 
buildings together with assisting the local population remaining in the area affected by the quake.

2. The first commission period

was a natural point of reference in the prefectures, particularly in the one in Udine, the lack or 
inaccuracy of information on the actual dimension of the event and its territorial extent was at the 

the initial uncertainty about the instructions to be taken by the aid columns that arrived and on the 
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criteria for their distribution. This was mainly due to the communication network that was entirely 
inadequate to withstand the impact of the earthquake and, at the time, to the lack of institutional 

heroically, though sometimes paying the price in terms of precision and in coordinating of rescue 

impromptu relief operations locally.

to uncertainties in legislation that at the time did not have clear procedures to recognise a “natural 
disaster” or to appoint a commissioner, above all in such a confusing information framework.

Lastly, but perhaps decisively, there was a lack of preventive planning for the response to 
events of a regional extent. On the one hand, there were the wide-ranging plans of the prefects, 
with a provincial context, rather generic and lacking operational indications based on real past 
experiences, with resource and equipment lists that were out dated and largely inaccessible to 
non-specialists. On the other, military mobilization plans, valid only for internal activation by 
the army, had always been kept restricted and, therefore, were useless for general coordination 
purposes.

operational scenario that was needed to reorganize the initial chaos, as well as to start and set in 
motion an organizational machine that was to prove truly massive in the next few days. I brought 

of the “Mantua” Division.
The situation was tragic; moreover, there was no recent memory of a disaster of such 

In taking on the role entrusted to me, a few certain points immediately became apparent in 
that overall turmoil. It was evident that it was indispensable to hold frequent meetings with the 

centralize the management of the problems.

which early on tended to overlap in the coordination functions. In practice, there was a need for an 

that, by their very nature, have their own considerable autonomy and internal hierarchy.

wherever possible, mainly in three areas of action: the survey and assessment of intervention 
needs, the coordination of the various bodies and forces involved in the operations, and the 
support to local administrations. The mayors played a vital role in gathering information and 
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in collaborating to meet the needs of their communities, but were generally lacking adequate 
operational and technical means.

removal of rubble, and the initial interventions on infrastructure and services to guarantee a 
minimum of safety and access in the area; then sheltering the homeless, supplying and assisting the 

Numerous shelters were set up for the homeless. The tents, erected mainly by the army in 

allowed meeting the propensity of those affected to stay close to their homes.
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The choice of staying in the tents prevailed over the immediate exodus, not only because of the 
clear wish to remain in the area, but also because of the lack of real information on the availability 

in September) and in order not to encourage the trend towards depopulation and emigration 
abroad, already considerable in those areas at that time.

Towards the end of July, the situation appeared stabilized and under control, with a rescue and 

Healthcare was under control, with the population vaccinated en masse

telegraph and postal communications, distribution of drinking water and electricity were restored.
To those who had requested, tents and necessary provisions were given. The camps were 

equipped with toilets, electric lighting and water supply. The insecure buildings were demolished, 
and the streets of the historic centres almost completely cleared. Towards the end of June, 

industry, mainly due to regional funding: many factories had resumed their business. The region 
had managed its own as well as state funds in an expeditious and timely fashion, intervening in 
particular in the areas of economic and productive recovery, but also in public and school buildings, 
in the promotion of the agricultural and livestock sector and even in the tourist promotion of Friuli 
for a fast recovery in all sectors. Local authorities were now running at normal speed with the 

operational problem of how the population could pass the transitory period to a more normal, 
albeit still temporary but acceptable phase, which would include the autumn and the following 
winter. Unfortunately, with hindsight we can now say that we were too optimistic on the time 
needed to implement a large plan of prefabricated housing in view of the technical times to 
prepare the areas, to construct and assemble the materials. These were lengths of time that could 
not have been based on previous experiences and that, among other things, had never been 

prefabricated dwellings and passed them on to the regional government.

3. The slow return to normal life



Friuli 1976: emergency management between May and September  Boll. Geof. Teor. Appl., 59, 373-379

377

remaining in the affected areas, the aim was to improve activities to get beyond the emergency, to 
restore services and connections, to completely remove the rubble, and repair recoverable damaged 

its prefabricated housing plan: with these two strong initiatives, with the motto ‘fasin di besoi’ 

stage.

a smaller requirement than the foreseeable total, banking for the remainder on repairing non-
irretrievably damaged housing, with a slightly higher funding than that for the prefabricated plan. 

people to be accommodated.

number of experts available) and the criteria for repairing and assigning contributions to owners, 
and, on the other hand, the time needed to identify and acquire of the areas, the cumbersome 

delayed things to the beginning of September. This was now at the threshold of bad weather and 

4. The second commission period

and the population were literally once again brought to their knees. Emigration outside the region, 
but most of all passport applications for expatriation, continued to increase. From all overcame 
the demand for a new massive intervention by the state, and a parliamentary commission sent to 
the epicentral area proclaimed the need to proceed to a new compulsory administration. On 13 
September, I was once again appointed, but this time with much wider powers of exceptional 
nature, not simply coordination, since it was now time to connect the rescue phase with the more 
complex task of reconstruction.

the terrible second strong earthquake that everyone recalled being like the one in May. There were 
a dozen victims, but the effects on the area were enormous, because almost everything that had 
not fallen in May now collapsed, and even those houses repaired during the summer also fell: the 
need for shelter doubled and now tents were no longer suitable for the oncoming winter.

provisional housing plan should be enhanced; the population, at all costs, should have been 
temporarily moved away to the Veneto coast, both for a safe and temporary stable shelter for the 
winter, as well as not to hinder the work on the buildings in any way. The proposal for an exodus, 
repeatedly put forth during the summer, but also equally opposed by the local people, became 

with their regular structure, I backed up the plan of the Region with a second commission plan 
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were to return gradually as soon as the provisional housing was completed, while thousands of 
caravans were to be found to guarantee lodging in the epicentral area for those who had to stay 
for work reasons. The exodus of the population was organized according to a model without 

earthquake.
Through a rather complex operation, the displacement areas were singled out with the necessary 

of the houses, and provisions for the displaced, was, then, undertaken. The most demanding 

abandoned. Thanks also to the help of the host municipalities, basic social and transport services 
were established, and school activities and health services were ensured.

shock of 6 May 1976.



Friuli 1976: emergency management between May and September  Boll. Geof. Teor. Appl., 59, 373-379

379

Delegations of the respective municipalities of origin were also established in the places of 

the second wave of those realised directly by the commissioner.

5. The end of the emergency

day, with the return to more normal living conditions, the emergency could really be considered 
over. The date of completing the “resettlement” operation of the population in the municipalities 
struck by the earthquakes was also set in view of the need to guarantee to the coastal tourist 
industry the certainty of not losing business in the summer season, avoiding damage that could 

day marked the start of the reconstruction process and saw an emotional “goodbye” between the 
Friulians and the many who had shared with them a distressing season but also one of commitment 

Corresponding author:  Giuseppe Zamberletti
 Istituto Grandi Infrastrutture
 Via Cola di Rienzo 111, 00192 Roma, Italy
 Phone: +39 06 36004684; e-mail: igiroma@tin.it





Bollettino di Geofisica Teorica ed Applicata  Vol. 59, n. 4, pp. 381-384; December 2018

DOI 10.4430/bgta0214

381

The role of local government in the reconstruction  
after the 1976 Friuli earthquake

D. CARPENEDO

Former member of the Italian Senate and of the Friuli Venezia Giulia Council

(Received: 8 May 2017; accepted: 20 November 2017)

ABSTRACT The guidelines for reconstructing the villages after the 1976 Friuli earthquake are 
summarized. Special attention is given to the number of decrees issued by the Regional 
administration.

Key words: reconstruction, Regional decrees, 1976 Friuli earthquake, NE Italy.

© 2018 – OGS

1. Introduction

The reconstruction following the devastating earthquake that hit Friuli (north-eastern Italy; 
Fig. 1) in 1976 (Slejko, 2018), is considered a paragon, not only for the timing and operating mode 
(to mention only the housing, it took only 10 years to rebuild 17,000 and repair 75,000 homes), 
but also because it overturned the traditional thinking towards intervention usually applied in Italy 
in the case of natural disasters (Riuscetti, 2018; Slejko et al., 2018).

Such thinking envisaged abandoning the older now destroyed settlements in favour of newer 
ones. Gibellina (a village in south-western Sicily destroyed by the 1968 Belice earthquake; Fig. 1) 
can be considered the symbol of this strategy to face the aftermath of an earthquake. Gemona, on 
the other hand, represents perfectly the different solution adopted in Friuli, where it was decided 
to secure the pre-existing urban settlement instead of abandoning it despite all the damage caused 
by the earthquake.

This change of approach to managing such situations was possible because the central 
government delegated the Friuli Venezia Giulia Region with the reconstruction. This unusual 

parliament, proved  crucial for the success of the reconstruction (Zamberletti, 2018). Indeed, 
such a decision had never been taken before the 1976 disaster and would never be repeated with 
such scope: the procedure would have remained in the hands of central ministries, resulting in 
the intervention modes adopted in Belice (a M

W
 6.4 earthquake that caused between 231 and 370 

by a landslide, resulting in 1917 victims in several villages of north-eastern Italy in 1963; Fig. 1).
Even from these brief comments on the basic principles of the Friuli reconstruction, it can 

easily be perceived how and why the local authority planned and managed the reconstruction, 
largely through its administrative and legislative activities. It is equally apparent that the legislative 
activity must have been very broad in scope. 
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2. The basic laws

In the 20 years following the earthquake, the Council of the Friuli Venezia Giulia Region 
passed 69 local bills that covered almost every aspect of the reconstruction: from assistance to 
earthquake victims to house building, from public works to the restoration of business activities, 

Regions, from a special status giving it a wider autonomy from central government. The extent 
of the problems to tackle may help explain the reasons for this choice: overall, the earthquake 
caused about 1,000 deaths and more than 3,000 injured. About 600,000 people living in 137 

Fig. 1 - Places of the catastrophes cited in the text [earthquake epicentres from Rovida et al. (2016)].
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municipalities were involved. There was damage and destruction to houses but also public 
buildings such as schools, hospitals, city halls and churches (Tertulliani, 2018). Among the 
infrastructures, the electricity and road networks suffered limited damage. Unfortunately, the 
water mains, phone and train networks saw a worse fate. The manufacturing base was severely 
damaged: Manifattura di Gemona (textile factory and main industrial company in Gemona) was 
razed as well as many other factories in the epicentral area, such as Pittini (manufacturer of steel 
for building and industrial applications), Fantoni and Snaidero (both furniture factories), were out 
of action. Many commercial and agricultural activities, as well as craft workshops, were heavily 
damaged or destroyed. As a result, 18,000 jobs were lost. 

the reconstruction phase and are still recalled in the hearts and minds of earthquake survivors. 
The former ruled on the restoration of buildings that were “not irredeemably damaged”, the latter 
on reconstructing the destroyed ones. Alongside the prevailing private intervention, both laws 
envisaged the possibility to apply for public intervention.

In order to appraise the work carried out by the regional administration, it should be remembered 
that more than 300 implementation decrees were issued together with the regional bills. Particular 
merit goes to those decrees that approved the 14 technical documents (DT documenti tecnici) 
concerning the planning and management of reconstruction in detail. These documents, processed 
by a team of professionals (appointed by the regional government and called Group A), were 
unanimously approved by experts. The most important was DT2, regarding the so called “seismic 
repairs”, which are the keystone to understand how and why the “Friuli Model” was so successful. 
It was issued after the second earthquake (September 1976), when the fragility of the traditionally-
made repairs became evident. 

3. The Friuli model

As mentioned, the prevalent model at the time, the one implemented in Belice and Vajont 
and elaborated in the most important Italian city-planning schools, was based on the principle of 
abandoning old town centres, seen as archaic, with unacceptable health conditions and without 
security measures in case of earthquakes. The reconstruction was then undertaken in new sites, 
even several kilometres away from the original ones, as in Gibellina (Sicily) and Erto (a village 
close to the Vajont dam in Friuli). Following this scheme, city planning inevitably had a crucial 
role. Plan after plan, all the while reconstruction had to wait patiently to begin. What’s more, the 
central government was in charge of directly managing the whole process. 

In Belice, the territorial coordination plan, the district plans, including the municipal and more 
detailed local land planning, were still being prepared. Reconstruction was still blocked when 
an earthquake occurred again in Friuli, eight years later. Nonetheless, the same model was again 
proposed. The Friuli Venezia Giulia Region had just approved the regional development plan. The 
discussion preceding the plan was focused on developing and stabilizing the four major urban 
settlements (Udine, Trieste, Gorizia, and Pordenone). The Belice and Vajont model seemed to 
take hold in Friuli, supported by those who believed that nature had “helped out” this theory and 
that the reconstruction should bear this in mind. Some suggested expanding Udine (the closest 
major town to the epicentral area) instead of rebuilding the destroyed villages, especially the 
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smallest and most isolated ones. Obviously, the people affected, the earthquake victims, strongly 
disagreed and passionately voiced their opinion in the heated meetings held in the tents. So as not 
to disappoint or mislead them, it was necessary to solve an academic problem: the safety of the 
buildings that needed repairing. This was achieved by applying new methods, not yet included 
in the current legislation, that were able to ensure that the repaired buildings had the same safety 
standards with respect to the seismic actions of the newly-built ones. A brilliant idea that kicked 
off a major operation of recovering the pre-existing urban layout. The slogan used  to sum up the 
adopted strategy was “as it was, where it was”, i.e., anti-seismic repairs and reconstruction of how 
and where things were before the earthquake. It helped reassure the earthquake survivors and did 
not have a drastic application. It also helped launching, throughout the whole of Italy, the idea of 
recovering the existing heritage rather than erecting new houses.

Acknowledgements. Many thanks are due to Stephen Conway for checking the English manuscript.
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ABSTRACT  The role of newspapers during the Friuli earthquakes is described and commented 
on with particular attention to the cooperation established with the regional scienti  c 
institutions. Thanks to this virtuous approach, people living in the epicentral area were 
properly informed about the evolution of the earthquake and the actions undertaken to 
reconstruct the devastated settlements.
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1. Introduction

In many respects, not just human and emotional, talking about an earthquake in the newsroom 
would prompt me to speak exclusively of my experience at the Messaggero Veneto (the newspaper 
of Udine), during the 1976 Friuli earthquakes. Since connections with the present cannot be 
overlooked, I will begin by pointing out that if for science 40 years have  meant new discoveries 
and improvement of many techniques of inquiry and knowledge, for information they have 
proved to be a real revolution: the editions of the 1970s and those of today are effectively only 
distant relatives, and yet, from the professional and deontological point of view, they are, or at 
least should be, the same. So I will speak of what happened at the time, highlighting too what has 
changed.

 
2. The two theorems

Experience teaches that by carefully studying the general attitude of the mass media with 
regard to earthquakes, it is possible to formulate some quasi-scienti  c laws that are repeated 
unvaryingly at every disastrous seismic event that not only had a scienti  c but, above all, an 
emotional impact. As the mass media, always mindful of audience and circulation, and therefore 
advertising, seem to feed ever more on emotions, even more so than on news, we can try to outline 
two “theorems” and their corollaries, which were con  rmed by examining the experiences during 
the Friuli earthquake (1976), as well as during those in Belice (1968), Irpinia (1980), Umbria-
Marche (1997) and Emilia (2012).

The  rst “theorem” goes more or less like this: “As much as a  body of information tries to 
impress public opinion by exaggerating the initial numbers of the dead, wounded, and missing 
in a contest of numbers that might match a sales run, the most pessimistic starting positions must 
be invariably multiplied by a  gure ranging from 50 to 100 to get closer to the reality of the 
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situation”. Something has changed now, both because there is a tendency to sensationalise the 
news even without veri  ed sources, and also because a certain degree of modesty and respect has 
been lost. In the 7 May 1976 edition, Messaggero Veneto spoke of a few dozen victims, while 
Il Piccolo (the newspaper of Trieste), limited this to four. Both editorials knew that the number 
would be much graver, but they also knew that it was never the number of deaths that was the 
most important thing but rather the essence of what was happening, as well as the information 
about why it happened and what could happen in the following days. The “corollary” on ma terial 
damage is practically the same, but the multiplication factor doubles: the  rst concerns a total 
damage assessment, while the second, at least three times larger than the former, refers to the 
 gure that the community will really have to shell out before ending the reconstruction.

The second “theorem” states: “Given the initial amount of interest proportional to the number 
of victims and the amount of damage, over time the attention decreases exponentially with the 
distance from the epicentre, so that after a certain time only the local information media continue 
to speak of the earthquake.” The “corollary” speci  es that the subject becomes topical again only 
on occasion of anniversaries, or as a historical reminder, as soon as a new destructive earthquake 
occurs in some other part of the country, or again, as a comparison in other investigations on the 
ef  ciency of the reconstruction after other natural disasters.

The Friuli earthquake of 1976 was to con  rm the above statements.

3. The fi rst information

When the Earth shook, at 9 p.m. (local time) on 6 May, the shaking was distinctly felt 
throughout north-eastern Italy and farther in Europe (Tertulliani et al., 2018), but it took more 
than half an hour before television broadcast the  rst news to the rest of Italy, entirely piecemeal: 
it talked of a “strong earthquake” and “likely serious damage”. There was no indication of any 
casualties yet, and the hasty reading of the  rst press takes caused even more confusion because 
instead of reading Gemona (Fig. 1), as was written in the report referring to a town known in the 
most affected area, the speaker of the special news edition said Genoa (a city in north-western 
Italy, about 500 km from the epicentral area). The error was recti  ed quite quickly, but in those 
few minutes many people had already left their homes.

Obviously, this did not happen in Udine and in the rest of Friuli, even in those areas not 
directly hit, where the shock was felt very strongly. Neither did it happen in the editorial of  ces of 
the various newspapers, not just the local ones, where the teleprinters continued to spew out news, 
ticking incessantly at a pace that would not abate for days and even the usual midnight break, 
corresponding to the routine shift of personnel  at the teleprinters, did not occur.  

It is possible that words like teleprinter have a fairly vague meaning nowadays for many 
people, but forty years have passed since that evening and the diffusion of information has changed 
radically. In 1976, computers were not used, there was no Internet and no cell phones, and after 
the  rst strong shock, telephone lines broke down, partly because of material damage to the 
telephone network and partly because of overloading that crashed the majority of the telephone 
exchanges in the epicentral area and surroundings (Slejko, 2018). 

Only the organization of the radio amateurs, of whom little was said before, managed to 
provide an ef  cient communication network in a very short time. Voluntarily and autonomously, 
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they proved irreplaceable in giving a  rst, albeit uncertain, dimension of the disaster, helping the 
emergency services intervene where most urgent. Some of them, albeit with many dif  culties, 
moved around the affected areas, others set up base at some of the key points in Udine such as 
the prefecture, hospital, information centres, police station and  re-station, to create a system of 
radio bridges that proved crucial in the very  rst hours of emergency and highly useful during the 
following days.

In these early hours, though massively present in Friuli, the army was to prove much less 
useful. This was largely because the army was also heavily affected by the shock (suf  ce it 
to mention the destruction of the Goi barracks in Gemona and the 28 soldiers of the Alpine 
corps buried under the rubble), but also because they used their available equipment to actively 
communicate with each other. In addition, accustomed to military secrecy, they provided little 
information to civil authorities in the very  rst few hours. They quickly changed their approach 
and became a fundamental part of the rescue machine, but without the activity of the ham radio 
enthusiasts the initial situation would have been much more dif  cult.

If the circulation of news was important for those who had to intervene for relief, it was 
equally important for ordinary people, who needed to know what had happened, what to do and 
where to turn in case of necessity, but also to know the general situation of their town, that of 
neighbouring villages where relatives and friends resided, and that of factories and of  ces where 
they worked. People were also anxious to learn what would be done to remedy a disaster that from 
the dawn of 7 May began to take on the makings of an immense catastrophe. In this respect, all 
the information media were very useful and fundamental.

Fig. 1 - The places of the 
1976 earthquake.
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4. Journalists in action

Immediately after the  rst shock, local newspapers, seeing the impossibility of contacting 
the correspondents from the various villages, sent all the available reporters (also recalling to 
service those who were on break, on holiday or had already  nished their shift) around Friuli 
to get a picture, at least roughly, of what had happened. At the same time, national newspapers, 
press agencies, radio and television began sending their journalists. The impact on public opinion 
was notable: full-page headlines proclaimed the disaster, large photographs in livid black and 
white, brightened only partially by photographers’  ashes, immediately gave an idea of how the 
earthquake had managed to destroy the buildings (Fig. 2). A couple of articles dictated off-the-
cuff by the few lucky journalists who had found a working phone and the many articles hastily 
written after they had returned to the editorial of  ce, made it clear that behind the walls of rubble 
seen in those early hours there would have been a great deal more serious trouble. Little was 
said of the victims, with numbers ranging from about ten to  fty, but as the  rst theorem teaches, 
unfortunately these were far from the grim reality.

People were desperate for news; the  rst issue of the regional newspapers, such as the 
Messaggero Veneto, Il Piccolo, and Il Gazzettino, were immediately sold out. At the newsstand, 
only a few copies of Messaggero Veneto were available because there was a rush on its printing 
works not only by Udine citizens, who had already invaded the editorial of  ce, peering over 
journalists’ shoulders to glimpse articles that were taking shape in the typewriters. The director of 
Messagero Veneto, Vittorino Meloni, decided to distribute the newspaper freely to all the people 
there and to immediately print a new edition to reach all the newsstands that were not destroyed, 
even in the most affected villages, again free of charge.

The free distribution was likely not only motivated by a sense of solidarity, that seems to 
emerge almost exclusively in times of greatest dif  culty, but also by a journalistic instinct that 
made Meloni understand that this was the time to reaf  rm that the Messaggero Veneto was an 
instrument of public utility for the people of Friuli. It was a function he wished the paper to keep 
at least for a couple of years, obligating all the collaborators to give a clear picture of what was 
happening in the most affected territories. In the end, this proved to be a winning decision that 
has created that sort of affection between readers and a newspaper which is the only true secret to 
creating a strong bond that may increase sales and diffusion.

Con  rming this relationship of mutual trust, it should be remembered that most newsstands 
did not exist anymore or remained closed, at least in the early days or weeks. For this reason, 
copies of the Messaggero Veneto were left next to them, possibly protected, and people were 
able to take them and leave the cover price, if they so wished. Indeed, there were only very few 
cases where the collected money did not exactly match what would have been received by the 
newsagents.

Right away, reporters began to explore the most affected villages and settlements, 
becoming not just transmission channels of others' stories, but the direct witnesses of events, 
genuine primary sources of news that otherwise no one else would have been able to give. 
And among the journalists of various newspapers and magazines, who for the most part sought 
and received hospitality at the Messaggero Veneto of  ces, there was also an uncommon spirit 
of collaboration based on the conviction that it was more important to provide news to the 
people than acquire more than their competitors. If the  rst impact of the journalists with 
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Fig. 2 - First page of the issue of 7 May, 1976 of the Messaggero Veneto.
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the earthquake was to cover all the affected municipalities to carry out a kind of census of 
victims and damages, the second operation consisted of witnessing what was being done at a 
national and regional level to coordinate relief and remove rubble and to begin talking about 
reconstruction (Fig. 3).

5. Information and basic science

Shortly thereafter, the activity of newspapers began to diversify, both in seeking out human 
stories, not only dramatic, to be told to the readers, as well as with the commitment to explain, 
as much as possible and with the help of experts, what an earthquake is, why it is triggered and 
what can be done to defend against it. In short, it began a scienti  c dissemination work that had 
a unique quality in the newspapers and non-specialized journals and that has not been repeated. 
This aspect of the information deserves another re  ection: in the relationship between press and 
science, always dif  cult and imbued on one side by ignorance and distrust on the other, a kind 
of tacit armistice was stipulated and a considerable amount of news, scienti  cally relevant and 
socially useful also to eliminate irrational outbursts of panic, was given. It was really important 
information, going far beyond the brief interview given by an expert at the time of the disaster 
(Fig. 4).

Also in this sense the Friuli earthquake was a unique example. The tendency to minimize 
criminal and chronicle news items, a typical legacy of the Fascist regime, also had an impact on the 
destructive seismic events of Italy in the  rst half of the 20th century. The average level of general 
culture of the population was also not such as to demand, or even to tolerate, efforts made for 
scienti  c dissemination. During the Belice earthquake, the press commitment was almost entirely 
absorbed by the impact of the earthquake on an already fragile social fabric and by attention 
towards possible intrusions of organized crime in the immediate and long-term intervention work. 
The Irpinia earthquake then came too quickly after that of Friuli to prompt the journalists to open 
up the same scienti  c topics once again. Lastly, for the Umbria quake, the desire for scienti  c 
disclosure reappeared, also because it was linked to the dif  cult problem of recovering celebrated 
artistic masterpieces. However, it inevitably clashed with the new tendency of most of the Italian 
press that already tried to raise pro  ts, no longer with efforts to increase the readership, but, above 
all, by making savings, for example on the journalistic staff (the typographic staff had already 
been virtually eliminated) and reducing the far from negligible cost of the paper and, therefore, 
space for specialist topics and culture.
 

6. Information and politics

After the  rst emergency, in the national newspapers, the reports of the Friuli earthquake 
began to occupy less and less space on the front-page and then in the inside pages as well, 
almost disappearing in a rather short time. In the following months, the articles merely took 
into account the  work done by the Special Commissioner Giuseppe Zamberletti, who had been 
appointed to speed up the bureaucratic machine that immediately emerged as one of the greatest 
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Fig. 3 - Front-page of the issue of 18 May 1976 of the Messaggero Veneto. Scientists discussed, during a meeting held 
in Trieste, the antiseismic actions to apply in the epicentral area.
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Fig. 4 - Issue of 11 May 1976 of the Messaggero Veneto. The opinions of two scientists, Francesco Giorgetti and 
Rodolfo Console, about the seismic sequence is reported together with the graph of the daily seismicity in Friuli.
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enemies on the long road to normality. Another point attracting the attention of many journalists 
was the armistice between all the regional political forces that were able to temporarily 
set aside their customary antagonism and to legislate in the fastest and most effective possible 
way.

However, except in the local newspapers, the attention had almost completely gone when the 
September aftershocks turned the spotlight on Friuli again (Fig. 5), also thanks to the fact that they 
occurred just while there was a large parliamentary delegation in Udine, which needless to say 
was quick to leave. Once back in Rome, still shaken by fear, the delegation convinced Parliament 
to immediately decide on allocating additional funds and conferring greater power of intervention 
to the Special Commissioner and to the local authority, represented by the Regional President 
Antonio Comelli.

Friuli was back on the front page of the newspapers. It was again inundated with Italian and 
foreign journalists, who continued to provide news for months because, in addition to insisting on 
already covered issues, they faced a whole series of entirely new factors. Among them, the most 
striking was the winter exodus from the struck villages to the seaside resorts; an exodus decided 
by the authorities and undertaken almost without opposition by the population that, however, 
returned daily to their hometown to work, to carry out their various personal interests and to begin 
repairing their houses (Zamberletti, 2018). It was during this period that the “Friuli model” began 
to appear. The Italian government tried to apply the same model after the Irpinia earthquake, even 
employing many of the same people, with less success and rejected after the Umbria quake not 
many years before.

Faced with the exodus, the press immediately had a dif  cult dilemma: assigning its staff 
mainly where the population had temporarily moved, creating new ephemeral towns of some 
tens of thousands inhabitants, or keeping them almost entirely in the affected territory. In this 
regard, the choice made by the Messaggero Veneto was emblematic, where at the time of the 
earthquake, the editorial staff was very young and enthusiastic, led by some more experienced 
journalists. Many of the young journalists proposed creating some editorial boards on the 
coast, while director Vittorino Meloni decided to keep the staff in the earthquake zone. His 
argument was that those who would have spent the winter on the coast would have no interest 
in news of the place where, in practice, they were just sleeping, while they would be hungry 
for news related to their hometowns, to the resumption of work at the factories and in the 
of  ces, to the installation of prefabricated buildings adapted to a climate that was far from 
tropical, and to the  rst signs of reconstructing public and private buildings. Vittorino Meloni 
was to prove right. Besides contributing to the sales success of the newspaper, the fact of 
continuing to inform on the whole earthquake zone helped keep a village like Bordano alive, 
not only for Bordano citizens in exile, because they did not need external stimuli to remember 
their hometown, but also for all other people of Friuli. And this also happened for all other 
affected villages.

While the validity of the second theorem was once again con  rmed, the main topics of the 
information media, which continued to follow the situation on a daily basis, were the winning 
choice of favouring factory reconstruction over housing, the installation of new prefabricated 
buildings, and the progress of possible repair actions and reconstruction.
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Fig. 5 - Front-page of the issue of 16 September 1976 of the Messaggero Veneto. The effects of the strong aftershocks 
of 15 September are described and the graph of the daily seismicity in Friuli is reported.
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7. Newspapers for scientifi c dissemination

Every day, there were reports on extraordinary and ordinary laws that were promulgated by 
the Special Commissioner and the Region. At the same time, scienti  c dissemination continued, 
passing gradually from geology and seismology to anti-seismic engineering, to the most advanced 
and sophisticated sciences and technologies used to investigate and intervene on the building 
heritage. To understand how this way of doing journalism had a positive impact on the Friuli 
population, suf  ce it to point out that before the earthquake of 6 May 1976, the Messaggero 
Veneto, the newspaper that was most devoted to dialogue, also scienti  c, with its readers, sold 
about 14,000 copies per day, while in mid-1977 sales were more than doubled. They continued to 
rise slowly but continuously up to nearly 60,000 copies during the 1980s. 

Analysing then how the press, radio and television in 1976 tackled the problem of the 
scienti  c dissemination of past and present earthquakes, it is worth noting how on this occasion 
the roles between local and national information media were reversed. While it is usually the 
latter to devote pages and space to topics that are generally considered in-depth studies, and hence 
unnecessary, on that occasion they were the  rst to give prominence to the words of scientists, 
technicians and specialists (Fig. 4). Living and working in the epicentral area or at its margins, it 
was realized that the importance of providing information about earthquakes had to be put on a 
similar level to that about the ef  ciency of aid and reconstruction interventions. Indeed, only by 
being informed, can moments of unjusti  ed panic be avoided and it may be hoped that people 
will play an active role in demanding that repairs and reconstructions are in accordance with the 
most evident rules and needs.

Initially, the purpose of scienti  c dissemination was to provide the real picture of the situation, 
illustrating the origins, causes and effects of a phenomenon that because of its very strong 
emotional impact continued to motivate reactions, behaviour and talk based on superstitions and 
legends even at the end of the 20th century. These could cause fear and panic, feelings that are 
effectively out of place in times of extreme delicacy, such as those of the  rst weeks of relief, 
when everything must work perfectly so as not to waste the effectiveness of military and volunteer 
efforts.

At a later time, however, the scienti  c information became important to make it clear to 
everyone where and how to reconstruct, if it was the case to repair, what kind of arrangements 
needed taking to be reasonably safe in continuing to live in a place subject to seismic risk that, 
therefore, sooner or later will shake again. This was perhaps the most important and hardest 
point to make everyone understand. In fact, almost always the human mind tends to hide in some 
hidden recess, if not to erase altogether, the most unpleasant memories and this is probably the 
reason why the earthquake of 6 May 1976 left almost all people in Friuli stunned, who apparently 
believed that their land was relatively aseismic.

And yet not a month went by without the newspapers reporting at least one earthquake in 
Carnia, in the Friuli plain, the Cividale area or the piedmont sector. Without mentioning the 
destructive earthquakes of the 16th century, there were few who would not be able to remember 
the  erce earthquake that struck Verzegnis  on 26 March 1928, which fortunately did not cause 
many deaths because it occurred when most people were working in the  elds (Slejko et al., 
1989). There were certainly many too who would remember another destructive earthquake on 
18 October 1936 on the Cansiglio plateau, extending its disastrous effects over most of the north-
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western Pordenone area (Giacchetti et al., 1989). The historic reconstruction of the earthquakes 
in the world, in Italy, and in Friuli, was therefore the  rst step to bring people clo  ser to the 
mysterious event that had affected them and that they would remember forever.

The second essential step was to clear the air of legends, superstitions and false news that 
could create irrational and dangerous reactions. An example is given by the widespread belief 
among the Friuli people that Mt. Amariana (the mountain near Amaro that appears like an elegant 
pyramid from the northern valley of the River Tagliamento) was an extinguished volcano. This 
belief probably originated owing to the white plumes of dust created by the landslides on the 
slopes during the strongest shocks, but often also because of normal soil degradation. This was 
a widespread legend, even reiterated in some elementary schools in the area, a story that created 
further apprehension that was de  nitely damaging at a time when other fears were well justi  ed. 
Although they are relatively simple issues, it was no small effort to make them understandable 
to anyone lacking any knowledge of geology, and especially for the elderly, for whom school 
had been replaced too soon by work in the  elds, in the woods, or by emigration. To make this 
effort a success, the collaboration between science and journalists was a key factor, an open and 
continuous collaboration with few precedents and which has not seen comparable repeats, in 
either intensity or duration.

The  rst obvious reference points were the Faculty of Geology of Trieste and the Experimental 
Geophysical Observatory (as it was called then, while today it is the National Institute of 
Oceanography and Experimental Geophysics, but still keeping the acronym OGS), which reported 
not only the daily number, magnitude and time of shocks, but began releasing information on 
seismicity and seismology. Together with the Messaggero Veneto, it compiled an eight-page insert 
of colour illustrations on seismicity (isoseismals, seismograms, historical and current epicentres, 
hypocentres, tectonics) and seismic risk (map of the destroyed, severely damaged, and damaged 
municipalities; map of the maximum expected intensity). It was a modest publishing exercise 
that some, in those moments, considered a gamble, and which instead proved a major success 
because “Il Friuli che c’è sotto” (“The underground Friuli” was the title of the dossier) reached 
tens of thousands of people with an entirely unfamiliar subject and has been preserved by many 
who still remember it today (Fig. 6). Another small, but signi  cant initiative, arising from 
the collaboration between the Messaggero Veneto and OGS, was to publish daily what was 
commonly called the “earthquake graph”: this was a small diagram showing the seismic activity 
as vertical bars; more precisely, the time of the day was reported on the x-axis and the earthquake 
magnitude on the y-axis (Figs. 4 and 5). In those months, this rudimentary representation became 
one of the  rst things readers used to check in the newspaper, to see if the phenomenon was 
decreasing or not.

From the very  rst moments, it was necessary to let everyone know that it was possible to 
cohabit with the earthquake, that Friuli should not be considered a land to abandon. The most 
 tting journalistic exercise to do this was, of course, to illustrate how people lived in highly seismic 

areas and how to protect against the earthquake threat. To achieve this goal, reporters at Messagero 
Veneto began writing about prediction, prevention, risk, hazard and seismic engineering.

In the early days, the newspaper was inundated with the phone calls by people who wanted to 
know if they could safely return to their homes, or to what remained of them. One of the  rst issues 
to explore in greater detail was therefore to explain that it was impossible to correctly forecast 
earthquakes, and then to go on to consider a geological, geomorphological, and engineering type 
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Fig. 6 - Front page of the dossier “Il Friuli che c’è sotto”. 
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of prevention, which was not only possible but surely necessary. Consequently, there were articles 
on soil types, on the dangers of slopes particularly exposed to landslides, on the expedients needed 
to reinforce the new buildings and those that could be repaired.

In short, almost every day and for months, the Friuli people read of geological, seismic and 
engineering topics. The great surprise was that those articles were among the most read and most 
requested, and that even today the publishing of scienti  c work is remembered and praised by 
many people. All this goes against those who say that the press, radio and television only feed the 
audience with empty or even absurd news items, because it is the public itself wanting and asking 
for them. On the contrary, the reality is that the population is hungry for interesting and serious 
information.

8. Conclusi  ons

On coming to the conclusions, one inevitable  nding and at least one question arise.
The  nding is that in our profession as journalists, even in the presence of a catastrophe, 

keeping a clear head is fundamental.
The question, instead, concerns the effectiveness of the work of journalists to motivate, to 

provoke public administrators. It is odd that the immense patrimony of knowledge on seismology 
and seismic engineering has not been applied elsewhere to prevent similar disasters, limiting their 
consequences in terms of victims and damage. It is not that a plan was made and then limited 
or delayed because funds were scarce or were not available: the plan has simply never been 
implemented. If today an event such as that of 1976 were to happen again, it would in fact be safer 
to live in the 1976 epicentral area, where the reconstruction was realized properly, than in the rest 
of Friuli (Santulin et al., 2018). Today, as in the past centuries, only after having paid with deaths 
and destruction can people signi  cantly improve their safety.

Journalists might be justi  ed by saying that their task is to produce news and that politics and 
administration is the duty of others, but in such a way the work of journalist would hardly improve 
the present situation: as a duty and obligation, journalists should really do much more.
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ABSTRACT  The Mw 6.4 earthquake on 6 May 1976, was not only the most devastating one in its 
epicentral region for centuries, it was also felt in many parts of Europe from central 
Italy to the Baltic Sea and from France to Slovakia. In addition to its devastating 
consequences in northern Italy, the earthquake had a strong impact on the development 
of modern seismology in several countries of Europe. The fact that the Friuli quake 
was widely felt in Central and north-eastern Germany, even in Berlin, where many 
people in high-rise buildings were frightened and ran outdoors, contributed to the 
decision to establish seismology on a larger scale at the Potsdam Institute on the 
Telegrafenberg. This event also instituted the research  eld of engineering seismology 
with macroseismology. The macroseismic data collection for the Friuli event started 
after a long delay owing to the lack of a permit by the state authority to carry out 
inquiries. Nevertheless, the reaction to the inquiry was overwhelming, despite the 
delay. Altogether, we received positive reports from 205 localities. The intensity 
assignments were performed with the MSK-64 scale. The only region with a well-
established intensity 4 was the area of Zittau in the south-easternmost edge of Saxony. 
The region that was shaken with intensity 3 extends to Berlin and the area NE of the city 
and continues further south covering Halle, Leipzig and Erfurt with the surrounding 
Thuringian basin. Unexpectedly, we received observation messages even from 
several towns at the Baltic Sea. The macroseismic data are also discussed according 
to contemporary cross border isoseismal maps of the 1976 Friuli earthquake. Similar 
macroseismic observations as those of the 1976 earthquake were made in Central and 
north-eastern Germany also for the 1690 Carinthia quake. The available macroseismic 
data points for this historical event are presented and compared with the observations 
of the 1976 Friuli quake.

Key words: 1976 Friuli earthquake, macroseismic investigation, Central Germany.

1. Introduction

On 6 May 1976, at 21:00 (CEST) the devastating Friuli earthquake struck north-eastern Italy, 
an event with a moment magnitude Mw = 6.4 (Slejko, 2018). The intensity in the region of the 
reported epicentre (46.241°N, 13.119°E) was assessed to be I0 = 9-10 MCS (Rovida et al., 2016). 
It caused about 1000 fatalities, with a further 1000 seriously injured. Over 100,000 people were 
left homeless from the 20,000 destroyed or badly damaged  ats mainly in the Friuli-Venezia 
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Giulia region (Glauser et al., 1976). The destruction to villages and towns in the epicentral region 
left  a terrifying spectacle (Fig. 1).

Fig. 1 - Typical damage observed in the epicentral region of the Friuli earthquakes [after CNEN-ENEL (1976): 
photos by Diego Molin]. The left photo shows a view over parts of Forgaria del Friuli [pers. communication by Dario 
Slejko].

The location of the event is shown on the epicentre map of western central Europe in a broader 
view (Fig. 2). It is clear from the map that the Friuli area and its immediate surroundings represent 
the seismically most active part of the depicted region, i.e. the western part of central Europe 
sensu lato. 

The mainshock of the Friuli earthquake was felt across large parts of Europe; from France 
to Slovakia, from southern Italy to the German Baltic Sea coast. Even in Berlin, for example, 
it was widely felt, especially on the upper  oors of high-rise apartment buildings. People were 
frightened and ran into the open. It is worth noting that the epicentral distance to Berlin amounts 
to about 700 km. Observers of that time still remember vividly what they felt, though often they 
cannot recall the exact year. Most people associated the observed effects immediately with an 
earthquake, but there was confusion surrounding the location of the causative quake, since the 
GDR1 media were still a long way from the speedy information transfer we are accustomed to 
nowadays. For most, the con  rmation of what was felt came the day after.

Also at some seismological stations, which were in most cases not linked with other stations 
in online mode at that time, there was some confusion. A foreshock, about one minute before 
the main shock with a magnitude of MW = 4.5, was originally interpreted at a certain number of 
observatories as the arriving P-waves and the onset of the Mw = 6.4 main shock as the arriving 
S-waves (Fig. 3). The outcome was that all these stations initially reported the same erroneous 
distance to the epicenter. This preliminary location was, of course, later on corrected.

The disadvantages of a single station practice in combination with the exceptionally extended 
macroseismic effects prompted the institutional and state authorities to re-activate instrumental 
seismology in Potsdam at the Central Institute of Physics of the Earth (ZIPE). Permanent 

1   GDR: the former German Democratic Republic
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Fig. 3 - The record of the Mw 4.5 foreshock about 1 minute before the 1976 Mw 6.4 main shock according to the 
analogue photographic record at the seismological station Moxa (Thuringia) with a short period seismograph VSJ-II. 
The amplitudes of the main shock are for about 15 minutes out of scale for this high ampli  cation recording.

Fig. 2 - Areal distribution of seismicity in western central Europe in a broader view after the extended database of 
the European Mediterranean Earthquake Catalogue EMEC (Grünthal and Wahlström, 2012). The map section has 
been chosen to illustrate the location of the Friuli earthquake with respect to the study area; i.e. Central and north-
eastern Germany. To improve the readability of the map, only main shocks are shown. Epicentres of earthquakes with 
Mw  6.0 show their year of occurrence. The epicentre of the 1976 Friuli earthquake is highlighted in pink, while the 
similar event of 4 December 1690, which will be dealt with below, is shown in yellow.
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seismological recordings were initially started in Potsdam on the Telegrafenberg in 1896 by the 
Geodetic Institute in its main building (today the building A17, Fig. 4a). In 1902, the so-called 
“Earthquake House” (Fig. 4b) as part of the Geodetic Institute was completed and the recordings 
were continued there. The increasing seismic noise on the Telegrafenberg was one of the reasons 
to cease the recordings in 1954. The underground conditions in the area were found unfavourable 
for sensitive seismic recordings.

Fig. 4 - Buildings at the campus area of the Telegrafenberg 
where seismographs were formerly operating: a) the 
house A17, b) the “Earthquake House”.

Immediately after 6 May 1976, a 24/7 permanent seismological service was established, the 
Seismic Information Service (Seismischer InformationsDienst, SID), initially with analogue 
telemetry lines to Potsdam POT from the seismological observatories Collmberg CLL, Moxa 
MOX and Berggießhübel BRG. Several more stations were added over the years during its 
operation (Hurtig et al., 1980; Bormann et al., 1992).

Besides the SID, there was also the need to establish the research  eld of engineering seismology 
at the Potsdam branch of the ZIPE after the 1976 Friuli earthquake, which encompassed the 
disciplines of macroseismology, earthquake cataloguing, strong ground motion and site effects, 
seismic hazard assessment, and seismotectonics. The author of the present paper was given the 
task of building up these research  elds in Potsdam, following the long and great tradition of such 
works at the Jena branch of ZIPE with Wilhelm Sponheuer (1905-1981) and its famous predecessor 
August Sieberg (1875-1945). Although the author specialized in deep seismic sounding at that 
time, he gained a solid background in global seismological aspects after extensive volunteer work 
as a trainee at the seismological observatory Collmberg CLL of the University Leipzig, which 
led to cepstral investigations to determine the focal depths of underground nuclear explosions 
(Grünthal, 1974). Following the new task entrusted to the author, he made intensive use of the 
opportunity to work closely together with Wilhelm Sponheuer in Jena up to 1981.

The main subject of this paper is the presentation of the as yet unpublished macroseismic 
data of the 1976 Friuli main shock within the former GDR; today the Central German2 and north-

2   Mitteldeutschland (Central Germany) is the of  cial name for the three German federal states Saxony, 
Thuringia, and Saxony-Anhalt.
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eastern federal states of Germany. The obtained and archived macroseismic data are discussed in 
comparison with the macroseismic data points according to a 17th century SE Alpine earthquake, 
and, in connection with studies on soil ampli  cation, as one aspect to explain the far north reaching 
macroseismic effects in the region.

2. Investigation of macroseismic effects of the 1976 Friuli main shock in Central and 
NE Germany 

One of the  rst tasks in the newly established research  eld of engineering seismology at ZIPE 
after the 1976 Friuli earthquake was the collection of macroseismic data. It became immediately 
clear that the event was felt widely at least as far north as Berlin. Spontaneously submitted letters 
or postcards, where people described their observed effects, were sent to both branches of the 
ZIPE, to Potsdam and to Jena, but mainly to the Meteorological Service, which operated of  ces 
or branches in different districts. People were concerned that neither calls to submit observations 
appeared in newspapers nor was any questionnaire campaign started, since they were used to 
responding to such calls in the past. For the  rst time, such a campaign was forbidden since it 
became a standard action during the last quarter of the 19th century (Heim, 1879; Rudolph, 1895; 
Belar, 1902; Gerland 1902). The restraint, as the author was informed, was imposed by the director 
of ZIPE, but it seemed that the restriction came from higher levels of the Socialist Unity Party of 
Germany (SED). This must be seen as one of the countless examples of how the research practice 
of the East German state was controlled by a tight security regime. The explanation given for the 
prohibition was “not to trouble the population with such an activity”. This was probably not the 
only or true reason. Presumably, an essential aspect might have been the concern of the SED not to 
have full control over inquiries. However, the effect of the veto was the opposite as the population 
became troubled that no inquiry was performed in time. It is widely recognised that the overall 
and ubiquitous regulations led to a general inef  ciency and frustration among the population. 
The persistence of the author to take action resulted in two measures. The  rst was to contact the 
District Of  ces for Geology and of  ces of the State Building Agency (Staatliche Bauaufsicht) to 
collect internally macroseismic observations in their commuting areas. The second was to apply 
for a permit from the State Central Administration for Statistics (Zentralverwaltung für Statistik) 
to perform macroseismic inquiries. 

The delay in performing our investigation, owing to the waiting time to get a green light for 
an inquiry, was used to assign the intensities of the spontaneously submitted letters with often 
detailed descriptions of observed macroseismic effects. There were even inquiries organized 
privately by the public. For example, among the staff of the branch of the Meteorological Service 
in Dresden/Radebeul 40 responses were gathered. Also the  rst reports by the District Of  ces for 
Geology and by the State Building Agency were achieved and arrived with the collected data.

The waiting time for the permit to start the inquiry was also used to prepare a new macroseismic 
questionnaire. The questionnaire applied up until that time originated in a version that was drafted 
by Sieberg. The new questionnaire was designed as a DIN A5 reply postcard. For sending to people 
to  ll in the form, it can be folded so that their address is on the outside (Fig. 5a). To send the 
completed form back, the inner part is reversed so the address of the institute is on the outside 
(Fig. 5b). The part with the questionnaire itself is shown in Fig. 6.
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Fig. 5 - The macroseismic questionnaire with the page for sending out (a, page 1) and for sending back to Potsdam 
(b, page 4). The question part (pages 2 and 3) is shown on Fig. 6 (photo: Uwe Lemgo).

Fig. 6 - The question part of the macroseismic questionnaire (pages 2 and 3).

Finally, on 12 December 1976, permission was granted by the central administration for 
statistics, more than seven months after the quake. The permit came with certain conditions. These 
included the need to apply for an inquiry after each related earthquake3, and, if authorized, to print 
on each questionnaire the note of the permit of the central administration with the respective 
number of permission and the period of time within which the permitted inquiry was allowed. The 

3   It should be noted that the permits for future inquiries were provided in due time after respective earthquakes.
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necessary modi  cation of the questionnaire, produced by offset-litho in a printing house, caused 
an additional delay of quite a number of weeks. Those were the days to live with excessive and 
widespread bureaucracy.

The authorisation also permitted issuing press releases, where readers were asked to submit 
their descriptions of observations. The severely delayed calls, particularly in newspapers, were 
limited to verifying the preliminary assignment of intensity 4 in the area of Zittau. It would have 
been too embarrassing to release countrywide calls as press releases with nine months delay.

Despite the dif  culties and huge delay, it was possible to collect a large amount of macroseismic 
data. Altogether, we received positive replies from 205 towns or villages. There was no indication 
that people had problems recalling what they had felt about nine months ago. The intensities were 
originally determined according to the MSK-64 scale by Medvedev, Sponheuer and Kárník (e.g., 
in Medvedev et al., 1967). Later, and in particular for this study, the EMS-98 (Grünthal et al., 
1998) has been applied.

The main difference between the original and the new intensity assignment is that previously 
several intensities of 3-4 had been determined according to macroseismic effects that are somewhat 
higher than those which are typical for intensity 3, but without reaching intensity 4. It became 
obvious during the current re-investigation that such observations seem to be maximal effects which 
are not representative for respective locations; i.e. the frequency of such observations  t rather with 
intensity 3, but hardly with intensity 4. Following the Guidelines for applying the EMS-98, such 
evidences have to be assigned as intensity 3 [cf. sub-chapters of the EMS guidelines 1.4 and 4.5 on 
pages 27-28 and 56-58 in Grünthal et al. (1998)]. Only cases where the intensity can be assessed 
equally well as 3 or 4 are given as 3-4. The difference in intensity determinations between the 
original and the new ones is in no case larger than half a degree, which is indeed minor and within 
the range of uncertainty of such assignments. The list of macroseismic data points (MDPs) is given 
in Table 1 with the numbering of the MD from north to south. The respective map of MDPs is 
shown in Fig. 7 with intensities of 2-3 in locations at or near to the Baltic Sea coast, up to intensity 
4 in the south-easternmost part of the study area. The intensity symbols used in the map are those 
by the KAPG, the former Commission of the Academics of Sciences of Socialist Countries for 
Planetary Geophysical Research, except of the symbol for intensity 2 [cf. Musson (2002) concerning 
advantages of these symbols], which basically originate in a proposal by Sieberg (1904). The area 
affected by intensity 3 is delimited from NE to SW by Seelow/Mark (east of Berlin with MDP 32), 
the region of Berlin itself, Wittenberg, Halle/S., and Erfurt. The only area where an agglomeration 
of intensity 4 occurs is the region of Zittau (cf. enlarged inserted map of Fig. 7).

On analyzing the macroseismic data, we found cases where questionnaires were received 
with the information that the event was not felt in a particular town, although spontaneous letters 
describe respective macroseismic observations. Therefore, we refrained from including negative 
information in general. However, the map of MDPs (Fig. 8) includes the negative information 
(not felt) for locations of the Erzgebirge (Ore Mountains). These not-felt-data are the result of 
personal inquiries on the spot and according to preliminary information on the non-perceptibility 
of the event there (cf. Table 2 with 21 respective locations). The buildings within such locations 
are mostly founded on hard rock underground conditions. The rationale for this speci  c activity 
was that intensities of up to 5 were reported from almost neighboring locations in Czechoslovakia 
just beyond the summit line of the Erzgebirge, which corresponds roughly to the border. Many 
of the MDP south of the Erzgebirge with fairly high intensities are located in the Cenozoic Eger
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Table 1 - List of MDPs of the 1976 Friuli main shock in central and NE Germany arranged from north to south.

ID of MDP Location Latitude Longitude Intensity
1 Spiekersdorf 54.20 12.75 2.00
2 Warnemünde 54.17 12.08 2.00
3 Heringsdorf (Ostseebad) 53.95 14.16 2.50
4 Neubrandenburg 53.56 13.26 2.00
5 Schmölln 53.29 14.10 3.00
6 Pinnow (bei Guben) 53.21 13.79 3.00
7 Stendell 53.14 14.16 2.50
8 Schwedt (Oder) 53.05 14.28 2.50
9 Angermünde 53.02 14.00 2.50
10 Molchow 52.97 12.83 2.50
11 Joachimsthal 52.97 13.74 2.50
12 Lindow (Mark) 52.97 12.98 2.50
13 Liebenwalde 52.87 13.39 2.50
14 Hohenwutzen 52.85 14.11 3.00
15 Eberswalde-Finow 52.84 13.78 3.00
16 Altglietzen 52.83 14.09 3.00
17 Spechthausen 52.81 13.77 2.50
18 Saalfeld/Sachsen-Anhalt (Salzwedeler Land) 52.76 11.18 2.00
19 Wriezen 52.71 14.13 2.50
20 Steinbeck (bei Bad Freienwalde) 52.70 13.92 2.50
21 Haselberg 52.70 14.03 2.50
22 Hennigsdorf 52.63 13.21 3.00
23 Bernau bei Berlin 52.62 13.58 3.00
24 Malchow 52.58 13.49 3.00
25 Strausberg 52.58 13.88 3.00
26 Pankow 52.57 13.40 3.00
27 Altlandsberg 52.56 13.72 3.00
28 Falkensee 52.56 13.09 3.00
29 Manschnow 52.55 14.55 3.00
30 Prenzlauer Berg 52.55 13.42 3.00
31 Waldsieversdorf 52.54 14.07 3.00
32 Seelow/Mark 52.53 14.38 3.00
33 Rüdersdorf bei Berlin 52.47 13.78 3.00
34 Tempelberg 52.45 14.16 3.00
35 Hasenfelde 52.43 14.20 3.00
36 Kleinmachnow 52.41 13.23 3.00
37 Brandenburg an der Havel 52.41 12.54 3.00
38 Potsdam 52.40 13.04 3.00
39 Teltow 52.40 13.27 3.00
40 Neu Zittau 52.39 13.74 3.00
41 Alt Madlitz 52.38 14.28 3.00
42 Schulzendorf 52.36 13.57 3.00
43 Frankfurt a. d. Oder 52.34 14.54 3.00
44 Rauen 52.33 14.02 3.00
45 Lehnin 52.31 12.74 3.00
46 Petersdorf bei Saarow-Pieskow 52.31 14.06 3.00
47 Ludwigsfelde 52.30 13.26 3.00
48 Königs Wusterhausen 52.29 13.63 3.00
49 Zeesen 52.27 13.63 3.50
50 Brieskow-Finkenheerd 52.25 14.57 3.00
51 Müllrose 52.24 14.41 3.00
52 Herzberg 52.21 14.12 3.00
53 Zossen 52.21 13.45 3.00
54 Brück 52.19 12.76 3.00
55 Rießen 52.19 14.53 3.00
56 Pohlitz 52.18 14.57 3.00
57 Beeskow 52.17 14.24 3.00
58 Eisenhüttenstadt 52.14 14.64 3.00
59 Bremsdorf 52.14 14.49 3.00
60 Märkisch Buchholz 52.11 13.76 3.00
61 Möbiskruge 52.10 14.59 3.00
62 Niemegk 52.07 12.69 3.00
63 Henzendorf 52.04 14.51 3.00
64 Lieberose 51.98 14.30 3.00
65 Schönwald (bei Herzberg) 51.97 13.76 3.00
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ID of MDP Location Latitude Longitude Intensity
66 Guben 51.95 14.71 3.00
67 Lübben (Spreewald) 51.94 13.89 3.00
68 Seyda 51.88 12.90 3.00
69 Wittenberg (Lutherstadt) 51.87 12.64 3.00
70 Rathmannsdorf 51.82 11.62 3.00
71 Vetschau (Spreewald) 51.78 14.07 3.00
72 Kemberg 51.77 12.63 3.00
73 Cottbus 51.75 14.33 3.00
74 Calau 51.74 13.95 3.00
75 Forst (Lausitz) 51.74 14.64 3.00
76 Schlieben 51.72 13.38 3.00
77 Sonnewalde/Niederlausitz 51.69 13.64 3.00
78 Bad Schmiedeberg 51.68 12.73 3.00
79 Prettin 51.66 12.92 3.00
80 Drebkau 51.65 14.22 3.00
81 Finsterwalde 51.63 13.71 3.00
82 Bitterfeld 51.62 12.32 3.00
83 Spremberg 51.57 14.37 3.00
84 Torgau 51.56 13.00 3.00
85 Bad Muskau 51.54 14.72 3.00
86 Senftenberg 51.52 14.00 3.00
87 Bad Liebenwerda 51.51 13.39 3.00
88 Weißwasser/Oberlausitz 51.50 14.64 3.00
89 Lauchhammer 51.49 13.76 3.00
90 Neustadt/Sa. 51.49 14.45 3.50
91 Halle-Neustadt 51.48 11.97 3.00
92 Eilenburg 51.46 12.63 3.00
93 Schildau 51.45 12.93 3.50
94 Hoyerswerda 51.44 14.24 3.50
95 Schkeuditz 51.39 12.22 3.00
96 Rietschen/Oberlausitz 51.39 14.78 3.00
97 Wittichenau 51.38 14.24 3.00
98 Ortrand 51.37 13.75 3.00
99 Sondershausen 51.37 10.86 3.00
100 Dahlen 51.36 12.99 3.00
101 Merseburg 51.35 11.99 3.00
102 Bad Frankenhausen/Kyffhäuser 51.35 11.10 2.50
103 Leipzig 51.34 12.37 3.00
104 Borna 51.31 13.18 3.00
105 Riesa 51.31 13.28 3.00
106 Markranstädt 51.30 12.22 3.00
107 Nünchritz 51.30 13.38 3.00
108 Niesky 51.29 14.82 3.00
109 Königsbrück 51.26 13.90 3.00
110 Baruth 51.22 14.59 3.00
111 Jessen (bei Meißen) 51.20 13.53 3.00
112 Rötha 51.19 12.41 3.00
113 Hainichen 51.19 12.56 3.00
114 Pegau 51.16 12.25 3.00
115 Meißen 51.16 13.47 3.00
116 Leisnig 51.16 12.92 3.00
117 Görlitz 51.15 14.99 3.00
118 Treffurt 51.13 10.23 3.00
119 Löbau 51.09 14.66 3.00
120 Pretzsch (bei Wittenberg) 51.09 11.94 3.00
121 Hermsdorf (bei Rochlitz) 51.07 12.87 3.00
122 Mergenthal 51.06 13.36 3.00
123 Oppach/Löbau 51.06 14.50 3.00
124 Creuzburg 51.05 10.24 3.00
125 Dresden 51.05 13.75 3.00
126 Stolpen/Sa. 51.04 14.08 3.00
127 Neusalza-Spremberg 51.03 14.53 3.00
128 Grumbach 51.02 13.55 3.00
129 Herrnhut 51.01 14.74 3.50
130 Ostritz 51.01 14.93 3.00

Table 1 - continued.
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ID of MDP Location Latitude Longitude Intensity
131 Ruppersdorf/Oberlausitz 51.00 14.72 4.00
132 Mittweida 50.98 12.97 3.00
133 Eibau 50.98 14.66 4.00
134 Weimar 50.98 11.32 3.00
135 Erfurt 50.97 11.03 3.00
136 Heidenau 50.97 13.87 4.00
137 Sebnitz 50.97 14.27 3.00
138 Oberoderwitz 50.97 14.71 4.00
139 Pirna 50.96 13.94 3.50
140 Leutersdorf (bei Zittau) 50.96 14.65 3.00
141 Rathen 50.95 14.08 3.50
142 Dittelsdorf 50.95 14.87 4.00
143 Niederoderwitz 50.95 14.73 3.00
144 Hirschfelde (bei Zittau) 50.94 14.89 3.00
145 Oberseifersdorf 50.94 14.80 4.00
146 Wittgendorf (bei Zittau) 50.94 14.83 4.00
147 Spitzkunnersdorf 50.93 14.68 3.50
148 Seifhennersdorf 50.93 14.61 4.00
149 Jena 50.93 11.59 3.00
150 Eckartsberg 50.92 14.80 3.00
151 Draußendorf 50.92 14.87 3.00
152 Radgendorf 50.92 14.83 4.00
153 Bad Schandau 50.91 14.15 4.00
154 Burgstädt 50.91 12.80 3.00
155 Mittelherwigsdorf 50.91 14.76 3.50
156 Freiberg 50.91 13.34 3.00
157 Pethau 50.90 14.77 3.50
158 Hörnitz 50.90 14.75 3.50
159 Waltershausen 50.89 10.55 3.00
160 Zittau 50.89 14.80 4.00
161 Großschönau 50.89 14.66 4.00
162 Jena-Lobeda 50.89 11.60 3.00
163 Zug (bei Freiberg) 50.89 13.34 3.00
164 Bertsdorf-Hörnitz 50.88 14.73 3.50
165 Gera 50.87 12.08 3.00
166 Olbersdorf 50.87 14.77 3.00
167 Waltersdorf (bei Zittau) 50.87 14.65 3.50
168 Eichgraben 50.87 14.80 3.50
169 Ronneburg 50.86 12.18 3.00
170 Flöha 50.85 13.07 3.00
171 Hartau 50.85 14.81 3.00
172 Jonsdorf, Kurort 50.85 14.70 3.00
173 Meerane 50.85 12.46 3.00
174 Chemnitz 50.83 12.92 3.00
175 Arnstadt 50.83 10.94 3.00
176 Lückendorf 50.83 14.76 4.00
177 Grüna / Sa. 50.81 12.79 3.00
178 Hohenstein-Ernstthal 50.80 12.71 3.00
179 Hermsdorf (bei Hohenstein-Ernstthal) 50.78 12.67 3.50
180 Seelingstädt (bei Gera) 50.77 12.24 3.00
181 Erlbach-Kirchberg 50.76 12.73 3.00
182 Uhlstädt 50.74 11.47 3.00
183 Weißen/Rudolstein 50.73 11.45 3.00
184 Neustadt an der Orla 50.73 11.74 3.00
185 Etzelbach 50.73 11.43 3.00
186 Neuhausen/Erzgebirge 50.67 13.46 3.00
187 Seiffen 50.64 13.45 3.00
188 Deutscheinsiedel 50.63 13.49 3.00
189 Zwönitz 50.63 12.81 3.00
190 Reichenbach/Vogtland 50.62 12.30 3.50
191 Kaulsdorf 50.61 11.43 3.00
192 Schneeberg 50.59 12.64 3.00
193 Annaberg-Buchholz 50.58 13.00 3.00
194 Schleiz 50.57 11.81 3.00
195 Jöhstadt 50.51 13.09 3.00

Table 1 - continued.
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ID of MDP Location Latitude Longitude Intensity
196 Crottendorf 50.51 12.94 3.50
197 Plauen/Vogtl. 50.49 12.13 3.00
198 Bad Lobenstein 50.44 11.64 3.00
199 Gefell 50.43 11.86 3.50
200 Johanngeorgenstadt 50.43 12.72 3.00
201 Hildburghausen 50.42 10.73 3.00
202 Blankenstein 50.40 11.69 3.00
203 Venzka 50.40 11.83 3.00
204 Mühlhausen / Thür. 50.29 12.26 3.00
205 Heldburg 50.28 10.72 3.00

Fig. 7 - Observed macroseismic intensities of the 6 May 1976, Friuli earthquake in Central and north-eastern Germany. 
The areal extent of the federal state of Germany is shown as well.

Table 1 - continued.
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Fig. 8 - Joint macroseismic 
maps of the 1976 Friuli 
main shock after Kárník 
et al. (1978, left) and 
after Procházková and 
Kárník (1978). In Fig. 8b 
(right), the southern part is 
omitted. Both maps refer 
to the same basic map, but 
have a slightly different 
layout.
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graben with often quite different subsoil conditions than in the Erzgebirge as a tilted fault-block 
formation with steep slopes towards the Eger graben.

A certain portion of macroseismic observations were made in high rise apartment 
buildings, in particular in 9 to 27 storey buildings in Berlin, Frankfurt/O., Halle/S., Leipzig, 
Erfurt and Chemnitz. If one would, contrary to the Guidelines of the EMS-98, assign 
intensities from observations in their upper  oors, one would end up with intensities towards 
5. Such intensity assignments were disregarded, as it was recommended later in the EMS-98 
(p. 29).

3. Cross-bordering contemporary macroseismic maps of the Friuli main shock

The cross-bordering study of the macroseismic effects of the Friuli main shock was initiated 
by Vít Kárník and Dana Procházková in 1976. The resulting cross-bordering macroseismic map 
for the earthquake was designed in terms of isoseismal lines. It was published by Kárník et al. 
(1978) and by Procházková and Kárník (1978), as shown in Figs. 8a and 8b. Both maps represent 
a slightly different layout of one and the same basic map. These maps highlight the different 
macroseismic practices in the different affected countries and the “jumps” of intensities along 
state boundaries, as seen between the former Yugoslavia and Austria. In the SE part of Central 
Germany, i.e. in the Erzgebirge near the border to Czechoslovakia, the course of the 4-degree 
isoseismal line unfortunately crosses the area, where the quake was in fact not felt. The fairly 
large northerly extension of the area, which was shaken with intensity 3, in the eastern part of 
the GDR up to the latitude of Berlin, corresponds very well with the observations in Poland as is 
shown in both maps of Fig. 8.

Table 2 - List of localities in the Erzgebirge, where the 1976 Friuli was not felt according to inquiries on the spot.

ID of MDP Location Latitude Longitude
206 Dippoldiswalde 50.90 13.68
207 Berggießhübel 50.86 13.96
208 Glashütte 50.84 13.78
209 Bad Gottleuba 50.84 13.94
210 Breitenau 50.79 13.89
211 Großhartmannsdorf 50.79 13.34
212 Lauenstein 50.79 13.82
213 Liebenau 50.77 13.88
214 Altenberg 50.77 13.76
215 Schellerhau 50.77 13.71
216 Geising 50.75 13.80
217 Zschopau 50.75 13.07
218 Rehfeld-Zaunhaus 50.74 13.71
219 Rechenberg-Bienenmühle 50.74 13.56
220 Niederneuschönberg 50.66 13.32
221 Pobershau 50.63 13.22
222 Großrückerswalde 50.63 13.11
223 Rübenau 50.61 13.30
224 Oberschaar 50.56 13.14
225 Oberwiesenthal, Fichtelberg 50.43 12.94



Boll. Geof. Teor. Appl., 59, 399-416  Grünthal 

412

4. Comparison of macroseismic data with the 4 December 1690, Carinthia 
earthquake as historical precedent

The macroseismic  ndings concerning the 1976 Friuli main shock can be compared with 
observations of historical earthquakes of similar strength in the focal region of Friuli-Venezia 
Giulia and adjacent northern Carinthia. A striking example in this respect is the 4 December 1690, 
Carinthian earthquake at 3:45 p.m. There are contemporary reports describing observations of 
this earthquake from 26 locations in Central Germany and surroundings, shown in Fig. 9. Table 
3 provides all these MDPs. Concerning most of these MDPs reference is made to Eisinger and 
Gutdeutsch (1994). Their  ndings are enriched here by several more sources from additional 
locations. Details of the study on the observations of the 1690 earthquake in Central Germany 
remain reserved for a speci  c paper dedicated to this earthquake, which is in preparation.

It was formerly seen with doubt that the relatively rich sources for this earthquake in the region 
would really belong to the Carinthian earthquake, since there occurred a local earthquake on 23 
November 1690. However, this event occurred at about 9 a.m., which might have led to confusion 

Table 3 - List of MDPs of the 4 December 1690 3:45 p.m. Carinthian earthquake in Central Germany and  surroundings. 
The numbering is from north to south.

ID of MDP Location Latitude Longitude
1 Guben 51,95 14,72
2 Calbe (Saale) 51,90 11,78
3 Wittenberg (Lutherstadt) 51,87 12,65
4 Düben 51,59 12,59
5 Melpitz 51,53 12,94
6 Halle a. d. Saale 51,48 11,97
7 Gröditz 51,42 13,45
8 Nemsdorf 51,36 11,66
9 Leipzig 51,34 12,38
10 Borna 51,32 13,19
11 Zebrzydowa (Siegersdorf am Queis) 51,23 15,39
12 Lützen 51,25 12,13
13 Oberlichtenau 51,22 13,99
14 Weißenfels 51,20 11,97
15 Görlitz 51,15 14,99
16 Meißen 51,16 13,48
17 Pegau 51,17 12,25
18 Luba  (Lauban) 51,12 15,30
19 Bischofswerda 51,13 14,18
20 Naumburg 51,15 11,81
21 Buttstädt 51,12 11,42
22 Lubomierz (Liebenthal) 51,01 15,51
23 Dresden 51,05 13,74
24 Altenburg 50,99 12,43
25 Weimar 50,98 11,33
26 Erfurt 50,98 11,03
27 Varnsdorf 50,91 14,62
28 Jena 50,93 11,59
29 Zittau 50,90 14,81
30 Litom ice 50,54 14,13
31 Rakovnik 50,10 13,73
32 Kulmbach 50,11 11,46
33 Bayreuth 49,95 11,58
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in reporting since the difference between both quakes in days is similar to the difference between the 
Julian and Gregorian calendars. The new study has shown that sources concerning the local event exist 
only from 4 locations within a relatively small area within the Thuringian basin. Only in two of them 
both events are described. The MDPs of the local event eleven days before the Carinthian earthquake 
are shown in the map of Fig. 9 as well. The MDPs of this Thuringian earthquake are given in Table 4.

Table 4 - List of MDPs for the 23 November 1690, 9 a.m. earthquake in the Thuringian basin with numbering from 
north to south.

ID of MDP Location Latitude Longitude
1 Naumburg 51,15 11,81
2 Eisenberg 50,97 11,90
3 Jena 50,93 11,59
4 Gera 50,88 12,08

Fig. 9 - Map of MDPs of the 4 December 1690, 3:45 p.m., Carinthian/Friuli earthquake (in yellow) within Central 
Germany and surroundings and the MDPs of the 23 November 1690, 9 a.m., earthquake in the Thuringian basin (red 
circles).
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5. Soil amplifi cation as one explanation for the relatively strong macroseismic 
seismic effects in the studied far fi eld 

The distinct macroseismic observations of the Friuli earthquake at great distance in NE and 
Central Germany raised the question of their origin. Therefore, the incoming recorded seismic waves 
on hard rock at the seismological station Collmberg, roughly midway between Leipzig and Dresden, 
were used for numerical modelling of the ampli  cation of seismic waves according to detailed 
depth pro  les of shear wave velocity vS for sites with soft underground conditions. This modelling 
considered the frequency dependent attenuation of vS. The calculated ampli  cation effects for those 
borehole data sets were published by Grünthal (1978) for one borehole near Berlin, and another 
one for a location in the Lausitz brown coal region. Fig. 10 shows, as an example, the ampli  cation 
according to the data of the borehole east of Berlin with the vS  pro  le (left), the Fourier spectrum of 
the ampli  cation in a broad frequency range (with and without attenuation) in the middle part. On 
the right, there is the ampli  cation in the time domain for the record of a 1976 Friuli earthquake of 
smaller magnitude on hard rock at the seismological station Collmberg. The largest ampli  cation 
occurs in the period range of 1–2 s. The ampli  cation at shorter periods is largely omitted due to 
the attenuation characteristics. The incoming S waves of the rather distant Friuli earthquakes only 
have fairly large amplitudes within the highly ampli  ed period range. This might be, at least, one of 
the reasons for the pronounced macroseismic observability of Friuli quakes in the region. Modern 
studies with improvements in understanding the peculiar macroseismic  eld in the eastern part of 
the study area as well as in the adjacent part of Poland are not known to the author.

Fig. 10 - Illustration of soil ampli  cation according to the shear wave velocity depth pro  le of a borehole near Berlin 
(left), the corresponding Fourier ampli  cation spectrum with and without frequency dependent attenuation  (middle) 
and the ampli  cation in the time domain (right) according to a record on hard rock at the seismological station 
Collmberg (after Grünthal, 1978).

6. Summary

The 1976 Friuli mainshock was widely felt in eastern parts of NE and Central Germany, as 
far north as the Baltic Sea coast. The long delay of about nine months in obtaining the permit to 
perform a macroseismic investigation did not affect the successful data collection. Additional 
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macroseismic data was acquired by spontaneously submitted letters or postcards by observers and 
by non-public inquiries within state authorities. Altogether, positive reports from 205 locations 
were collected. Most observations were assigned with intensities 3 and 2-3 in the very north. Only 
in the area of Zittau, in the most south-eastern part of Saxony, is an agglomeration of intensity 4 
manifested. The fairly strong macroseismic effects in high-rise apartment buildings were not used 
for intensity assignments4. By contrast, the earthquake was not felt in large parts of the Erzgebirge 
in towns with mostly hard rock foundations of buildings. 

The rich macroseismic material of the 1976 earthquakes con  rms the extensive contemporary 
and independent observations of the 1690 Carinthian earthquake in Central Germany. Formerly, 
these comprehensive historical data were viewed with some doubt, or as a result of a mix-up with 
a very local earthquake in the region eleven days earlier but at a very different local time.

The far-reaching macroseismic observations can, at least partly, be explained by soil ampli  cation 
effects. Detailed pro  les of shear velocities with depth and corresponding well-determined frequency 
dependent attenuation of shear waves were used to calculate respective transfer functions. The 
convolution with records of the 1976 earthquake on a hard rock site within the area clearly shows the 
frequency dependent ampli  cation effects.

The presented detailed macroseismic data on the 1976 Friuli main shock in the study area 
became part of the re-assessment of such data for the entirely felt area of this quake. These 
new  ndings on this European key earthquake are published in the paper by Tertulliani et al. 
(2018).
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ABSTRACT  The aim of this paper is to propose the creation, in terms of European Macroseismic 
Scale (EMS-98), of the entire macroseismic  eld of the 6 May 1976 Friuli earthquake.
Only forty odd years have passed, and nothwithstanding that there is a huge quantity 
of existing data, it was still disturbing to  nd that much of the original data are missing 
and probably lost forever. Efforts have, therefore, been made to  nd additional and 
still unknown primary data. For the majority of the collected national data sets, a re-
evaluation was, then, possible. This study presents the comprehensive macroseismic 
data set for 14 European countries. It is, to our knowledge, one of the largest European 
data sets, consisting of 3423 intensity data points. The earthquake was felt from Rome 
to the Baltic Sea, and from Belgium to Warsaw. The maximum intensity 10 EMS-98 
was reached in eight localities in Friuli (Italy). Compared to previous studies, the Imax 
values have changed from country to country, in some cases being lowered due to 
methodological differences, but in the case of three among the most hit countries, Imax 
is now higher than in the previous studies, mainly due to the new data.

Key words: 1976 Friuli earthquake, macroseismic intensity.

1. Introduction

On 6 May 1976, 20:00 GMT, an earthquake of Mw 6.4 (Rovida et al., 2016) devastated towns 
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and villages in Friuli (northern Italy) and adjacent regions, over an area about 1800 km2, taking 
almost 1000 lives (among other reports Briseghella et al., 1976; Di Cecca and Grimaz, 2009; 
Slejko, 2018). Many small towns and villages were almost completely destroyed, such as Gemona, 
Venzone, and Osoppo in Italy, or Podbela and Breginj in Yugoslavia (today Slovenia), with the 
loss of a huge architectural and monumental heritage. The damage area included many Italian, 
Austrian, and Slovenian towns and villages. The earthquake was felt in the whole of northern-
central Italy, and in almost all of central Europe up to the Baltic Sea (Kárník et al., 1978). The 
epicentral intensity was estimated as IX-X or X Medvedev-Sponheuer-Kárník (MSK) or Mercalli-
Cancani-Sieberg (MCS), according to different studies (e.g. Gasparini, 1976; Giorgetti, 1976; 
Molin, 1994; Boschi et al., 1995). On 11 and 15 September 1976, two strong aftershocks with 
respective magnitudes Mw 5.6 and 5.9 (Rovida et al., 2016) contributed to worsen the damage and 
halt the  rst restoration work. The sequence was considered concluded after the 16 September 
1977 aftershock (ML 5.4) and its tail-end of aftershocks (Suhadolc, 1982).

The 6 May event and the following seismic sequence have been the subject of many and 
various studies, including investigating the seismogenic source (e.g. Caputo, 1976; Finetti et al., 
1979; Cipar, 1981; De Natale et al., 1987; Slejko et al., 1999; Aoudia et al., 2000; Pondrelli et 
al., 2001; Galadini et al., 2005; Burrato et al., 2008; Cheloni et al., 2012; Moratto et al., 2012), 
the ground motion characteristics (Rovelli et al., 1991; Zollo et al., 1997, and others), stress 
modelling and geodetic inversion (Bencini et al., 1982; Briole et al., 1986; Perniola et al., 2004, 
and others). A widely accepted model is a 18×11 km2 reverse fault, WNW-ESE oriented (Aoudia 
et al., 2000) while, among the proposed hypocentre locations there are still some differences in 
the literature (Costa et al., 2009; Slejko, 2018).

Although it was one of the earthquakes that provoked a very large resonance in Europe, 
a thorough cross-border macroseismic study of the 1976 Friuli earthquake does not yet exist. 
However, Kárník et al. (1978) published a joint isoseismal map of the event by combining, more 
or less, the contributions of the European countries within the shaken area in the form of their 
national isoseismals (Fig. 1). Other papers dealing with macroseismic data of the 1976 Friuli 
earthquake were, in general, con  ned to a national level (e.g. Gasparini, 1976; Giorgetti, 1976; 
Mayer-Rosa et al., 1976; Miloševi , 1977; Schmedes and Leydecker, 1978; Drimmel et al., 1979; 
Sikošek et al., 1979). Noteworthy in this respect are the report by Ambraseys (1976) and the 
monumental collection of data on damage to historical buildings by Briseghella et al. (1976). The 
MSK-64 scale (Medvedev et al., 1967) was preferentially used to estimate the intensity values, 
even if in some cases, especially in Italy, the MCS scale was chosen using a translation of its 
German original by Sieberg (1932).

So far, the task to re-evaluate and consolidate the huge amount of macroseismic information 
on the Friuli earthquake was considered too large to undertake. Issues and questions in producing 
standardized transnational macroseismic data have already been described by Tertulliani et 
al. (1999). Moreover, the 1970s was a period of important instrumental developments, within 
which macroseismology was pushed into the background. Later, in the 1980s and 1990s, with 
the increasing demands for realistic probabilistic seismic hazard assessments, reliable earthquake 
catalogues were needed based on, among others, detailed basic macroseismic material. 
Additionally, with upcoming seismic risk studies, more and more intensity based load parameters 
were required. All these developments led to a general revival of macroseismology.

The aim of this work was to create a new macroseismic map of the 6 May 1976 Friuli 
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Fig. 1 - Multinational isoseismal map of 6 May 1976 Friuli earthquake, compiled by Kárník et al. (1978).

earthquake, by applying the EMS-98 scale (Grünthal et al., 1998) on the abundant intensity data set 
available from a considerable number of European countries. This enables specifying and unifying 
the intensity assignments with the bonus of overcoming discontinuities in the course of isoseismals 
at national borders as they occurred in the respective joint isoseismal map of the 1970s.
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2. State of the art about 40 years ago

The 6 May 1976 earthquake had an impact on many countries. Italy and the neighbouring 
Slovenia (at that time part of Yugoslavia) and Austria suffered major effects, while in other 
countries, situated further away from the epicentre, the earthquake was barely felt by people. 
In the following chapters, we describe how the macroseismic approach on the earthquake 
was managed in each of the countries involved, and which kind of data are available 
so far.

In order to make the differentiation visually easier, we have chosen to use Roman numerals for 
the intensity values taken from older studies and Arabic numerals for the new study.

2.1. Italy
The Friuli region (NE Italy) sustained the main and worst effects of the earthquake, with 

widespread destruction. The earthquake hit a traditional and old building stock, often poorly 
maintained (Santulin et al., 2018). In the words of Ambraseys (1976) describing the local situation: 
“More than three-quarters of the houses in the region are of very old construction. Their walls 
consist of a coarse, short-bedded, badly-laid rubble masonry sometimes mixed with bricks and 
with great thicknesses of lime or clay mortar joints, concealed by plaster or rough cast.”

The main and earliest sources of the macroseismic intensity data for the Italian side of the 
earthquake are Gasparini (1976) and Giorgetti (1976), who both used direct  eld surveys data, 
the questionnaires of the Genio Civile Regionale of Friuli Venezia Giulia, and the macroseismic 
questionnaire forms collected at that time by the Central Bureau of Agrarian Ecology (UCEA - 
Uf  cio Centrale di Ecologia Agraria) in Rome. Both Gasparini (1976) and Giorgetti (1976) did 
not publish any descriptions of effects, but only the isoseismal maps; Gasparini (1976) used the 
MCS scale (Fig. 2a) and Giorgetti (1976) used MSK (Fig. 2b).

Other important coeval sources of information are the cited report of Ambraseys (1976) 
who, on behalf of UNESCO, prepared a thorough report with descriptions of earthquake effects 
in approximately 600 localities, and the report by Briseghella et al. (1976) on the damage to 
historical buildings.

Later, Molin (1994) made a synthesis of the above-cited works and some other sources, 
providing a  nal list of 772 localities with MCS intensities, without descriptions. His work, in 
particular, is the reference source of the Parametric Catalogue of Italian Earthquakes [CPTI15: 
Rovida et al. (2016)], the most recent macroseismic intensity data set of the Friuli earthquake. 
The other important collection of macroseismic data for Italian earthquakes is the Catalogue of 
Strong Earthquakes in Italy [CFTI04: Guidoboni et al. (2007)], which used a variety of different 
sources, including press reports and newspaper articles, providing concise descriptions for each 
locality. These two catalogues display a different number of intensity data points (IDPs; CFTI04: 
528 IDPs, 450 with I  VI MCS; while CPTI15 displays: 770 IDPs, 651 with I  VI MCS), and 
acknowledge different sources. Different maximum intensity (Imax) values are also published: X 
MCS for  ve localities by CFTI04 and IX-X MCS for sixteen localities by CPTI15.

2.2. Slovenia
Previously, macroseismic data for Slovenia was evaluated twice, in 1976 by Ribari  (1976b), 

and then in 2002 by Ceci  (2002).
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Fig. 2 - Isoseismal map for Italy: a) compiled 
by Gasparini (1976); b) compiled by Giorgetti 
(1976).
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In Slovenia, the earthquake caused a great deal of damage in its westernmost part, called 
Breginjski kot. One person died and 31 were wounded (Informacija, 1976). There were not 
many reinforced-concrete houses; the majority of buildings in the most hit villages were of low 
vulnerability class (A or B), mostly made of stone with wooden  oors and lime mortar. The poor 
quality of buildings was owing to the fact that some localities were destroyed in both World Wars 
and rebuilt using available local material and very little funds.

The majority of buildings in Breginjski kot had damage categorized as degree 3 and 4. One of 
the reasons was also local geology, and the short distance from the epicentre played its part. There 
were also some seismogeological effects (7 m long cracks on the banks of river Bela).

In all, there were 10552 buildings damaged in the 1976 earthquakes in Slovenia, 6336 among 
them in the municipality of Tolmin. Out of those, 5532 buildings in the municipality of Tolmin 
were damaged on 6 May 1976. The area of damage went as far as Ljubljana, in the city centre 
alone there were 31 damaged houses.

After the 6 May earthquake, seismologists and civil engineers from Yugoslavia visited the 
epicentral region and investigated the earthquake effects in the most heavily hit villages and small 
towns. Vladimir Ribari  (Slovenian seismologist and the head of seismology at that time) used 
questionnaire data for Slovenia, as well as his notes from the  eld. He most likely combined his 
 eld notes with those made by other experts (D. Cvijanovi , M. Feigl, M. Krstanovi , B. Metovi , 

V. Mihajlov, S. Nedeljkovi , D. Prosen, B. Sikošek, V. Teši ). The questionnaires are today in the 
archives of Agencija RS za okolje (ARSO, Slovenian Environment Agency), the  eld data are 
collected in some unpublished reports and letters (e.g. Feigel, 1976; Hrži , 1976; Ribari , 1976a, 
1976b) or published in several papers, the most important ones being Sikošek et al. (1979), and 
Ribari  (1980).

The scales used in the publications were both MCS and MSK-64. In some cases two intensities 
were published for each locality, one for 6 May and the other for the cumulative effects including 
the earthquake on 15 September and all events in between.

The data for all the Yugoslav republics (at that time each republic had its own seismological 
survey) were compiled by Croatian seismologist Dragutin Cvijanovi  (Fig. 3) and included in 
Miloševi  (1977). This was the Yugoslav input for the map prepared by Kárník and his team 
(Kárník et al., no date). The map shows both intensities and isoseismals for Slovenia and Croatia, 
with Imax VIII MCS in Breginj (Bergogna) for Slovenia and V-VI MCS in Motovun, Pazin, and 
Rijeka for Croatia (see paragraph on Croatia below). The intensities ranked from VIII to II MSK-
64. The isoseismals VII, IV and III match well with Austrian ones, while for isoseismals VI and 
V a signi  cant shift was visible on the state border.

In 1994, there was an attempt to begin re-evaluating intensities in Austria and Slovenia, led by 
Rolf Gutdeutsch from Vienna University (Gutdeutsch, 1994), but it was too time-consuming, as 
it assumed that all the questionnaires will be translated and exchanged, so it was never  nished.

In 2002, a brief preliminary estimate of the EMS-98 intensities in Slovenia was made (Ceci , 
2002), using only the selection of those considered to be most reliable.

2.3. Austria
The earthquake was felt almost all over the country; heavy damage was reported from more 

than thirty places in Carinthia, close to the Italian border. The intensity assessment in 1976 was 
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carried out by the seismological staff of the Zentralanstalt für Meteorologie und Geodynamik 
(Central Institute for Meteorology and Geodynamics: ZAMG) in Vienna. A summary, as well as 
the macroseismic results, were published by Drimmel et al. (1979). The MSK-64 scale was used, 
as was the standard practice in the 1970s. The highest local intensity was VII-VIII MSK-64 and 
it was assigned to seven places in the south of Carinthia. Additionally, there were 16 places with 
intensity VII MSK-64. The damage area (I  VI MSK-64) covered the middle and western part of 
Carinthia and the eastern part of eastern Tyrol.

The isoseismal map published by Drimmel et al. (1979) presents very short-wavelength features 
as it was plotted in high spatial resolution (Fig. 4). Therefore it did not match with the isoseismals 
of the neighbouring countries. The inhomogeneous intensity distribution could be explained by 
the complexity of the geology in Austria or again simply due to insuf  cient information about the 
actual strength of shaking (e.g. only single reports from a place, contradictory descriptions). Some 
isolated data might have been over-interpreted when drawing the isoseismals.

After the earthquake, the Austrian Earthquake Service at ZAMG sent questionnaires to 
hundreds of police stations and other public authorities throughout Austria, providing a fairly high 
density of macroseismic information, distributed well all over the country. The questionnaires are 
stored in the archive of the ZAMG in Vienna.

Fig. 3 - Isoseismal map 
for Slovenia, compiled by 
Ribari  (Sikošek et al., 
1979).
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2.4. Croatia
The Friuli earthquake on 6 May 1976 was felt in the western part of former Yugoslavia. In 

Croatia, the earthquake was especially strong in its westernmost part, Istria, where houses were 
damaged and some of them even collapsed.

The archive of the Geophysical Institute in Zagreb contains very few data about this event, 
only 18 questionnaires, in spite of the evident damage. There are no records of the number of 
questionnaires sent, no original isoseismal map, and no list of intensities; there are no records 
of any  eld investigation. Two different isoseismal maps (Fig. 5) with data from Croatia were 
published (Miloševi , 1977; Kárník et al., 1978), but there are no originals in the Geophysical 
Institute archive, so it is presumed that the original isoseismal map was either lost or handed over 
to the civil defence authorities.

2.5. Germany 
The Friuli main shock was also felt in large parts of Germany, which was at that time divided 

in two countries. In both parts, macroseismic studies have been treated rather differently and 
without any possibility of interaction. The approaches differed in particular concerning the 1976 
Friuli earthquake. Therefore, the respective studies in both parts of Germany are addressed here 
in separate sub-chapters.

2.5.1. Former Federal Republic of Germany
The macroseismic survey of the Friuli earthquake in former West Germany was severely 

hampered by a general strike of the printing industry in May 1976, at the very time of the 
earthquake and over the following days. As the main evaluators of the macroseismic survey 

Fig. 4 - Isoseismal map for Austria, compiled by Drimmel (1979).
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Schmedes and Leydecker (1978) state “at the time of the earthquake only few newspapers were 
available for some days due to a strike”. The collection of macroseismic data remained incomplete. 
Macroseismic investigations were carried out by several institutions.

The Geophysikalisches Observatorium der Universität Ludwig-Maximilians-München in 
Fürstenfeldbruck (Geophysical Observatory of Munich University) collected 108 letters and 
reports from the population in Bavaria, which were sent by people following announcements on 
the regional television and radio. Most letters date from the  rst 2 days following the earthquake 
and give detailed descriptions, some of them with maps drawn by hand or even an artistic painting. 
Macroseismic questionnaires had not been distributed in Bavaria.

The Seismologisches Zentralobservatorium (Central Seismological Observatory: SZGRF) in 
Erlangen collected 11 questionnaires and 6 newspaper articles from Franconia, mostly the region 
of Nürnberg and Regensburg.

Fig. 5 - Isoseismal 
map for part of former 
Yugoslavia (today 
Slovenia and Croatia), 
compiled by Cvijanovi  
(Miloševi , 1977).
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Questionnaires had been sent by Bundesanstalt für Geowissenschaften und Rohstoffe (Federal 
Institute for Geosciences and Natural Resources: BGR) in Hannover to residents north of Hannover 
with the help of a local newspaper. 37 questionnaires from the northern part of Lower Saxony, mostly 
from the town of Nienburg/Weser, were returned to BGR. They typically report hanging lamps 
swinging from side to side for a few minutes while the people were watching television. In addition, 
there is a report summarizing observations in Hannover and the surrounding area, especially messages 
to the police. It has been reported from Hannover that residents left a high-rise building in panic.

Erdbebenstation Bensberg (BNS) of Geologisches Institut der Universität zu Köln (Bensberg 
Earthquake Station of Cologne University) produced a list of observations from 16 towns in 
north Rhine-Westphalia (Nordrhein-Westfalen) with intensities (all of them long period effects of 
intensity II MSK-64), compiled by Ludwig Ahorner. This list was used in part or condensed by 
Schmedes and Leydecker (1978).

The Landeserdbebendienst (State earthquake service) of Baden-Württemberg decided not to 
conduct a macroseismic survey. Thus there is almost no macroseismic data available from south-
western Germany.

Today, the original macroseismic material, letters, reports, questionnaires, newspaper articles, 
and a few notes by the compilers Eberhard Schmedes and Günther Leydecker, are archived 
partly at the Geophysical Observatory Fürstenfeldbruck and partly at the Federal Institute for 
Geosciences and Natural Resources (BGR) in Hannover.

Intensities were assessed using MSK-64 scale and a macroseismic intensity map for West 
Germany was published by Schmedes and Leydecker (1978) showing IDPs and isoseismals for 
intensities V, IV-V, and IV MSK-64.

2.5.2. Former German Democratic Republic
The 1976 Friuli main shock, which was felt widely by the population at least as far north as 

Berlin, became a seismological key event for the former German Democratic Republic (GDR), since 
it triggered a re-organization of seismological work in the country. A telemetered seismic network 
was established at the Central Institute of Physics of the Earth (ZIPE) in Potsdam immediately after 
the earthquake with a 24/7 seismic service and, among others, a working group on engineering 
seismology (Grünthal, 2018). One of the tasks of this new working group was to perform 
macroseismic studies. Spontaneously, a number of postcards and letters, where people described their 
macroseismic observations, were sent to the ZIPE. However, the activities for macroseismic inquiries 
or for publishing press releases to motivate people to submit their observations were prohibited by 
state authorities. In December 1976, permission was gained, with stringent statutory requirements 
however, which again delayed the inquiries. All this is described in more detail in Grünthal (2018).

Despite the dif  culties and the huge delay of about nine months, positive replies from 205 
localities were received, often including detailed descriptions of felt effects. There were no 
indications that people were limited with regard to recalling what they had felt such a long time 
before. The intensities were assigned at that time according to the MSK-64 scale (e.g. in Medvedev 
et al., 1967) with the maximum observed intensity IV in the south-easternmost part of the country.

2.6. Czech Republic
Strong seismic shaking is rather infrequent in Czech Republic, therefore macroseismic effects caused 

by the Friuli 1976 earthquake caught people’s attention. The Geophysical Institute of Czechoslovak 
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Academy of Sciences (CAS) in Prague, received a great number of spontaneous macroseismic reports 
immediately after the strongest event on 6 May. In the following days, a team of seismologists, led by Vít 
Kárník, organized a systematic collection of macroseismic observations. Macroseismic questionnaires 
were also sent to localities from where no observations had been reported before, in order to have 
positive or negative information from each 10×10 km area. In total, 2841 reports from 566 localities 
were obtained, 2567 reports from 460 localities were positive (I>1). 896 positive observations were 
reported from Prague. The collected data were classi  ed uniformly according to the MSK-64 scale. 
The correction -0.5° was used for observations from the 5th and higher  oors. Data processing and the 
results, as well as the information of the respective geological structures, were described in detail in 
two papers by Kárník et al. (1980a, 1980b). Original data - questionnaires and letters - are stored in 
the macroseismic archive of the Institute of Geophysics of the CAS in Prague.

2.7. France
Shaking from this destructive earthquake in Italy was felt in eastern France, over 600 km 

away. The French Central Seismological Of  ce (BCSF) distributed a macroseismic questionnaire, 
based on the MSK-64 intensity scale, to communes of 4 departments located in north-eastern 
France. They received 260 replies; 248 among them contained suf  cient information for BCSF 
to estimate 248 IDPs.

The BCSF questionnaire of 1976 was less precise than the one used today for EMS-98 
estimation. It included 30 questions grouped into 13 sections, most of which requested free-form 
answers. One question described the intensity degrees and asked respondents to choose the one 
they felt most appropriate. Imax had been estimated at V (MSK) in the city of Hettenschlag in 
southern Alsace.

2.8. Poland
The earthquake of 6 May 1976 was felt in south-western Poland: in was particularly strong in 

the Sudetes, bordered in the SW by the Bohemian Massif, and in the Sudetic Foreland.
Macroseismic data have mainly been derived from macroseismic questionnaires published 

immediately after the earthquake in local as well as in national Polish newspapers. Feedback came 
from 89 localities. The vast majority of intensity data points were estimated on the basis of single or 
a few responses. About a hundred reports were sent from Wroc aw, the biggest town of the region. 
IDPs, estimated initially in the MSK-64 scale by Guterch and Lewandowska-Marciniak (1976), 
were included by Kárník et al. (1978) in the map of isoseismals of the main Friuli earthquake.

Unfortunately, the macroseismic questionnaires have not been stored.

2.9. Slovakia
In June 1976, the Geophysical Institute of the Slovak Academy of Sciences (GPI SAS) received 

more than 60 questionnaires, letters and postcards from two localities, most of them from the 
capital Bratislava. No damage was reported. The Institute also organized a systematic collection of 
macroseismic observations for the territory of Slovakia, at that time part of Czechoslovakia. For this 
purpose, GPI SAS sent the questionnaires to the 5 municipalities near the Slovak - Austrian border 
and to one municipality in the Czech Republic (B eclav). The institute also published the request 
to send the macroseismic reports in the national and regional newspapers. The questionnaires from 
B eclav were subsequently sent to the Geophysical Institute of the Czechoslovak Academy of 
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Sciences in Prague and the questionnaires for the capital Bratislava were vice versa sent from Prague 
to Bratislava for further investigation. This was due to the fact that Czechoslovakia was a federal 
state with two geophysical institutes in Prague and Bratislava, responsible for the macroseismic 
investigation in different parts of Czechoslovakia. These two institutes operated autonomously with 
their own version of macroseismic questionnaire. This meant that there was no single version of the 
questionnaire for the territory of Czechoslovakia in two language versions, Czech and Slovak, as 
would be expected, but the structure of the questionnaires was different.

The questionnaires were evaluated in the MCS scale and the results were published in the Bulletin 
of the Slovak Seismographic Stations of 1976. No correction was made for the observations from 
the upper  oors. This was a rather different approach to the one in the Czech part of Czechoslovakia, 
where the macroseismic intensity for the Friuli 1976 earthquake was evaluated in MSK-64 scale 
(Kárník et al., 1980a). However, there is an IDP for Bratislava in both scales: 3 MCS and 3-4 MSK-
64. It is unclear whether at that time the special re-evaluation of questionnaires for Bratislava in 
MSK-64 scale was done, as the number of questionnaires for Bratislava in the Kárník et al. (1980a) 
study does not match the number of original data sources kept in the macroseismic archive of the 
Earth Science Institute of the Slovak Academy of Sciences.

2.10. Belgium
The earthquake was felt in most of the medium to large-scale cities in Belgium. The Royal 

Observatory of Belgium (ROB) scientists  lled macroseismic questionnaires with the information 
obtained from phone calls they received from 32 localities in Belgium. An additional study to 
the one obtained at the ROB from  re  ghters at the time of the earthquake was compiled by 
Camelbeeck (1983): it allows marking 6 localities where the event was felt only in high levels of 
multi-storey buildings. Some minor damage to the ceiling and wall plaster to a very limited extent, 
without more details, was mentioned in the of  cial questionnaires from Brussels, Chapelle-lez-
Herlaimont, Houdeng-Goegnies, Liège and Paturages. The questionnaire for Brussels grouped the 
responses from different communes, some of which reported effects only in high-rise buildings. 
Although no questionnaires were received from Antwerp or Oostende, the press mentioned them 
together with Brussels and Mons where people residing in high-rise buildings panicked.

2.11. Hungary
The archives of the Kövesligethy Radó Seismological Observatory of the Hungarian Academy 

of Sciences were searched in 2016 and no macroseismic data for 1976 earthquake were found, 
although Vit Kárník mentioned that the earthquake was felt in Hungary. No information is 
preserved about the possible origin of this information.

3. Data collection and the new data set

In the following chapter, we set out to show how macroseismic information has been retrieved and 
reconsidered for assessing EMS-98 intensities. Taking into account that the data we intended to re-
evaluate derived from non-uniform procedures, by using different scales, and collected with different 
scopes, we adopted some constraints to adhere, as far as possible, to the guidelines of the EMS-98.
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3.1. Italy
The Italian data set is mostly related to the epicentral area, so our choice was to revise the 

accounts of all the localities that were cited in the two aforementioned catalogues (CPTI15 
and CFTI04) with the intensity higher than, or equal to, V-VI MCS. These two catalogues 
acknowledged almost all the available sources, included Gasparini (1976) and Giorgetti (1976), 
whose original accounts, unfortunately, we did not recover. Fig. 6a shows one of only a few 
preserved Italian questionnaires. Therefore, the revision of the Italian data set started from all 
other available coeval sources, with the addition of some new data from the newspapers and some 
scienti  c papers and reports.

We assumed that the building stock of the localities hit by the 1976 earthquake was represented by 
vulnerability classes A, B, and C of the EMS-98, and that these classes may reasonably be identi  ed 
with the corresponding A, B, and C of the MSK scale, which was used in some cases by previous 
authors. In fact, it is correct to assert that in the 1976 earthquake area, there were no buildings with 
moderate-to-high earthquake-resistant design (types D and E in the EMS-98 classi  cation).

The localities with V-VI MCS intensities were reassessed as 5 EMS-98, consistent with very 
light and rare damage. In case of monumental sites or very small settlements, cited in the catalogues 
as IDP, the codes D (damage) or HD (high damage) have been assigned. It was discovered that 
60 localities from Molin (1994), with I VI MCS (including localities assessed as D), were not 
surveyed by Ambraseys (1976) or Briseghella et al. (1976). All those localities are not supported 
by documents, which have probably been lost, so we kept the MCS intensity value assessed by 
Molin (1994).

IDPs with intensity lower or equal to V were not reassessed, but acknowledged as quoted in the 
catalogues, following the conclusions of Musson et al. (2010). The data for some small boroughs 
have been estimated together with the data from the closest municipality or the main settlement.

The research of new accounts and information brought to light  ve previously unknown 
localities for the data sets. In total, the Italian data set counts 772 IDPs, with Imax assessed as 10 
EMS-98 in the localities of Forgaria del Friuli, Borgo Jouf, Micottis, Isola di Montenars, Musi 
(Lusevera), Osoppo, Piovega, and Villuzza. Eleven localities suffered effects of the 9-10 EMS-98.

A more in-depth but time-consuming activity to retrieve new information about far-  eld 
localities could be performed, through a scrutiny of local newspapers.

3.2. Slovenia
The main seismological source of the macroseismic information in Slovenia is the collection 

of questionnaires (Fig. 6b). The macroseismic archive of ARSO in Ljubljana has questionnaires 
describing the effects of Friuli earthquake in 82 localities in Slovenia. They were sent by the 
Astronomsko-geo  zikalni inštitut (Astronomical and Geophysical Observatory) in Ljubljana to 
permanent observers.

The macroseismic archive also holds several newspapers from 1976. Beside the Slovenian 
papers, there are some from other Yugoslav republics as well. The main newspapers sent their 
journalists to the most damaged area in Slovenia and published reports with details that were 
useful for intensity estimation. Intensities for 7 localities were estimated using the newspapers as 
the main primary source.

There are several letters and short notes about the phone calls kept in the archive. It was 
possible to evaluate intensity for 4 IDPs using those.
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Fig. 6 - Questionnaires: a) from Venzone, Italy (Macroseismic Archive INGV); b) a postcard from Slovenia 
(Macroseismic Archive ARSO); c) from Paternion, Austria (Archive ZAMG); d) from Rijeka, Croatia.

a

b
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Fig. 6 - continued.

c

d
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We tried to collect as much of the photographic evidence as possible. In order to do so, we 
visited the archives of the newspaper house Delo and the Information and Documentary Centre 
for Heritage (INDOK Center za dediš ino) of the Ministry of Culture. In the latter, hundreds 
of photographs, taken mainly in May and June 1976, were found, as well as the of  cial reports 
(Informacija, 1976) that were published in Tolmin in the period May-October 1976. The 
information found in the INDOK Centre enabled us to assess intensity for 29 localities.

We have also used the of  cial reports on damage, collected by civil engineers. As it was not 
possible to obtain original  eld notes made by the commissions for damage evaluation, we had 
to deal with the classi  cations and percentages they produced, although slightly different from 
EMS-98. Unfortunately, there are no detailed instructions on how the evaluation was performed, 
and the original data are most probably lost. The reports were the primary source for 146 IDPs.

A circular mail was sent to the colleagues in ARSO, asking them to recall the circumstances 
they were in when they felt the earthquake. Several answers were received, mostly for different 
parts of Ljubljana, but two of them were for localities that were previously without intensity data.

The intensities for 32 localities were assessed using the data from different published 
seismological papers, and for 2 localities the sources were the web pages of villages.

In the end, the new study has produced a list of 304 localities, 4 of which being isolated 
buildings in high mountains; therefore there are 300 IDPs for Slovenia.

Beside the degrees of EMS-98 scale, three descriptions for intensity are used: D, F, and T, for 
damage, felt and sound, respectively. D was used when no speci  cations of damage were given, 
but only the information that there was some damage on the locality, or in case that we only had 
information on damage for monumental buildings (e.g. a church or a castle). Symbol T indicates 
that in this particular case there was a speleologist who heard the earthquake while inside a cave.

For some cases when the earthquake was felt in an isolated building, the intensity was evaluated 
as well, just for information; in these cases the coordinates of the locality are not included in the 
intensity  le, as EMS-98 intensity should not be evaluated for single buildings.

According to this study, Imax in Slovenia is 8-9 EMS-98, in the Podbela village close to the 
Italian border (Ceci , 2016).

3.3. Austria
Written reports (questionnaires) by the Austrian population are the main source of macroseismic 

data (Fig. 6c). For this study each single report was re-evaluated, and the macroseismic intensity 
based on EMS-98 was assigned to each place. Most of the reports originate from public authorities, 
e.g. police stations, schools and municipalities, and therefore they often give a summary for the 
whole community. Additionally, there are of  cial form sheets for damage reports. They were sent 
to ZAMG by the municipalities and provide information about the damage grades, the building 
classes and the relative frequency of damage.

Information from telephone-protocols and telexes, today’s narrations from witnesses, who 
still remember their experience (this data was collected mainly by phone calls in 2016 and 2017), 
a documentation of earthquake damage by Litscher and Strobl (1977) on behalf of the Kärntner 
Elektrizitäts-AG (KELAG, electricity supplier of Carinthia) and minutes of a local council 
meeting in Arnoldstein, kindly provided by the municipal of  ce of Arnoldstein, were also useful 
to support the assessment. Many newspapers reported the effects of the earthquake in Austria and 
were used to improve the accuracy of the intensity.
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It is important to point out that the average EMS-98 intensities obtained by this study are lower 
than the previous MSK-64 values. This is partly due to the slightly different evaluation criteria 
of EMS-98 as compared to the earlier intensity scales. One of the most signi  cant reasons for the 
discrepancies is the handling of slight damage reports. A single report about small damage is no 
longer considered representative for the whole village or town area and does not automatically 
indicate intensity 6. The same is true if, for example, major damage was reported for only one 
building, while almost all the others were undamaged: referring to EMS-98 intensity should not 
be assigned to a single building or street. Another problem concerning damage is simply a matter 
of expression. So-called “cracks in walls” could possibly mean only cracks in the plasterwork 
and therefore indicate lower intensity. This misunderstanding is often observed in macroseismic 
evaluation also today. It was assumed that the EMS-98 building classes A, B, and C basically 
correspond to the building classes used in the previous MSK-64 evaluation.

Today, the reports from upper storeys are taken into account to a much less extent than in 
former times. This applies especially to reports from towns with a large number of high buildings. 
In fact, recent macroseismic evaluation in Austria generally shows that intensity increases when 
reported from the 2nd or higher storey. Also, feeling frightened is very subjective and should not be 
weighted too strongly, when it is only reported from a few people in a locality. Information about 
‘running outdoors’ or ‘losing balance’ was treated carefully in that respect as well.

At 57% of all locations in Austria the intensity was reduced by 0.5 degrees after re-evaluation; 
at 9% localities the intensity values were reduced by 1 degree, while about 33% of the evaluations 
remained unchanged. The differences are spread all over the country with slightly larger reduction 
in the high intensity area.

The long duration of shaking due to the high magnitude and long-distance effects characterized 
this strong earthquake. Geological conditions clearly play an important role in amplifying the 
vibrations, as can be seen, for example, in the Inn Valley and the Rhine Valley.

Strong swinging and wave motion were reported very often (hanging objects swung for a very 
long time) also from places that were far from the epicentre. This fact intensi  es the observer’s 
uneasiness although they are already outside of the damage area. In a couple of places, mainly 
in Carinthia, the local people were highly agitated and displayed behaviour similar to panic, but 
there was less or even no damage.

The majority of the written reports originate from police stations and municipalities. A big 
advantage is that they often report the perception of the whole population of a location. Therefore 
statistical statements like “most of the people felt it” are possible and can readily be used for 
intensity assignment. Knowing the frequency of a particular phenomenon makes it easier to 
assess the correct intensity. The reports from of  cial authorities are generally more objective and 
less emotional than reports from individuals. Nevertheless, some problems can occur. A mixture 
of personal and general observations might be reported in one form and is hard to distinguish. 
In several cases, contradictory information was provided by two different of  cial statements, 
e.g. concerning the frequency and degree of damage. In those cases the more reliable report was 
the preferred choice. According to the EMS-98, individual striking reports were considered as 
outliers and, therefore, disregarded.

The intensity in Austria decreased much faster towards the eastern part than to the west. In 
Vienna, strong perceptions were only reported from higher storeys, therefore the intensity was 
assigned as 3 EMS-98 or 3-4 EMS-98, depending on the district. As usual, the intensity assignment 
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in large cities was not as easy as in the countryside. Surprisingly, not many reports from Vienna 
were available: 76 documented telephone calls - some of them gave useful information - and less 
than 20 written reports. It is possible that some reports were lost over the last decades.

When an intensity assignment was not possible due to insuf  cient information, the 
intensity was set to “felt”, which means unknown intensity. Certainly there are some places, 
mainly in the east and NE of the country, where the earthquake was not felt. Nevertheless, the 
“not felt” category was not added to the data set, because no thorough study was performed 
to clarify this. Hence, one can hardly be sure that anybody felt the earthquake in a particular 
place.

As the result of this study, the Austrian data set includes EMS-98 intensities for 1008 localities, 
with an Imax assessed as 7 EMS-98. The re-evaluation brought a decrease of the intensities by 0.5 
degrees on average.

3.4. Croatia
Due to the small number of questionnaires (Fig. 6d), the additional data from contemporary 

newspapers were used for the new study. Four contemporary newspapers were searched: two 
local (Glas Istre for Istrian region, Novi list for Rijeka region), one regional (Slobodna Dalmacija, 
covering mainly Dalmatia) and one national newspaper (Ve ernji list). Newspaper articles were 
often tainted by auto-censorship because of the coming tourist season, so the reports on the 
earthquake were formulated carefully. Using information from these sources, intensities for 6 
new localities were assessed. For an additional two localities, intensities were assessed using 
combined information from questionnaires and newspapers.

All the intensities were assessed according to EMS-98 and MSK-78 (Medvedev, 1978), as 
the MSK scale has been used in Croatia since 1984 and there is a large macroseismic archive 
with MSK IDPs. There were no numerical differences between the EMS-98 and MSK-78 
intensities.

Intensities were assessed for 24 IDPs, 22 of them in Croatia and two in Bosnia and Herzegovina. 
Eighteen of them were assessed on the basis of questionnaires, and the rest were assessed using 
the data from contemporary newspapers. In two cases newspaper data was used as the additional 
data.

The earthquake effects were strongest in the Istrian towns Buje and Pazin, with intensity 7 
EMS-98, where the houses were heavily damaged. The walls were cracked, chimneys collapsed 
and even some old houses were completely destroyed.

Intensity 6 EMS-98 was assessed for Rijeka, Rovinj and Pula. The buildings suffered slight 
to moderate damage, cracks in walls and the fall of plaster. Most people were frightened and ran 
outside.

It is interesting to note that miners at work in the Labin coal mine did not feel this earthquake 
at the depth of a several hundred metres owing to the machine noise.

3.5. Germany
3.5.1. Former Federal Republic of Germany
All localities and original MSK-64 intensities are tabulated from the map published by 

Schmedes and Leydecker (1978) and compared with the macroseismic material from the 
archives. For most of the localities the original intensities are veri  ed and left unchanged. 
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In several localities, the reassessed EMS-98 intensities are lowered by half a degree mainly 
because of the small number of existing reports.

For some of the localities on the map no original information could be found and the 
intensities could only be veri  ed partially using handwritten notes by the original compilers. 
In the publication by Schmedes and Leydecker (1978), telephone calls to police stations and 
geophysical observatories are mentioned as sources, but today no written records have been found 
in the archives. The intensities in these locations range from 2 to 4 EMS-98 and in these cases we 
assume MSK = EMS (Musson et al., 2010).

On the other hand, from the analysis of the material, 36 IDPs are added, mostly in Bavaria. 
Three previously unconsidered questionnaires were discovered by chance in March 2018 in the 
archive of the earthquake service of Baden-Württemberg in Freiburg im Breisgau. The total 
number of IDPs is 110 in West Germany as compared to 74 IDPs on the map by Schmedes and 
Leydecker (1978).

Altogether, for the reasons stated in the section 2.5, the macroseismic data set in West 
Germany is sparse and the data not well distributed. For many places there are only few reports. 
The uncertainty of these intensities is probably ±1 degree in most cases. Half degrees always 
indicate an uncertainty range.

From the available reports, we assume that in most parts of Germany to the northwest of 
Bavaria long-period effects lasting up to a few minutes were observed leading to intensity 2 
EMS-98.

3.5.2. Former German Democratic Republic
For this study the EMS-98 has been applied. The basic difference between the original and 

the new assignment of intensities is that previously several intensities of III-IV MSK-64 were 
re-determined with intensity 3 EMS-98. Such assignments, following the guidelines for applying 
the EMS-98,  t better with the relative frequency of those observations, for the respective 
intensities; i.e. formerly, such frequencies were not considered very rigorously which led to 
the former somewhat higher intensity values. Differences in intensity assignment between the 
original and new ones are in no cases larger than half a degree, which is indeed minor. The area 
shaken with intensity 3 EMS-98 encompasses Berlin (about 700 km away from the epicentre) 
and continues in an easterly direction towards the Polish territory. West of Berlin, this area 
extends SW-wards up to Thuringia. The only agglomeration of localities, where intensity 4 
EMS-98 has been observed, is concentrated in the south-easternmost part of the region; i.e. in 
the area of Zittau in the triple junction with Poland and former Czechoslovakia. Surprisingly, the 
earthquake was even felt to the north and mostly NE of Berlin with intensities of 2-3 EMS-98, 
in the majority of cases up to locations at or near the Baltic Sea coast; i.e. at a distance of almost 
900 km from the focal area. Macroseismic observations in high rise apartment buildings were 
disregarded, as it was recommended later in the EMS-98 to discount at least observations from 
the  fth  oor and above.

The earthquake was not felt in localities near the summit line of the central Erzgebirge; i.e. very 
close to former Czechoslovakia. These not-felt data in those 20 localities are the result of personal 
inquiries by Grünthal in the  eld. Moreover, many questionnaires, mostly from the periphery of 
the macroseismically shaken area, have been received with negative information; i.e. that the 
earthquake was not felt. Nonetheless, the experience tells us that information from questionnaires 
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stating the event was not felt in a speci  c locality must be handled with care. There were observed 
cases where spontaneous letters had just described respective observations from such localities. 
Therefore, it was decided to refrain from including negative information in general.

In all, there are 225 IDP for this part of the shaken area, which includes the 20 well justi  ed 
not-felt IDP. Concerning more information on details of the macroseismic study of the part of 
Germany presented here, reference is made to Grünthal (2018).

3.6. Bosnia and Herzegovina
Snježana Cviji -Amuli  from Federal Hydrometeorological Institute in Banja Luka, reported 

that there are no macroseismic data for the Friuli earthquake in their archives and that the 
earthquake was not felt in the territory of Bosnia and Herzegovina (Cviji -Amuli , 2016). The 
new study has not been performed. However, the research by I. Sovi  (this study, chapter on 
Croatia) shows that there are two IDPs for localities Biha  and Sarajevo, with Imax 4-5 EMS-98 
in Biha .

3.7. Czech Republic
Reports with intensity IV MSK-64 and higher have now been re-evaluated. New EMS-98 

intensity values are in many cases 0.5 - 1.0 degree lower then MSK-64 ones, mostly because of a 
small number of reports from the IDP. Some original intensities of V or V-VI MSK-64 were based 
on not new damage, but reactivated hair-line cracks that had previously been repaired (originally 
caused by different mechanisms to earthquakes - settlement problems etc.). The highest intensity 
was originally classi  ed as VI MSK-64 in one village. The estimation was made on the basis of 
one isolated report of a damaged room ceiling. Nevertheless, after questioning the author of the 
original report it turned out that the report had only mentioned the plaster fallen from the ceiling; 
no shaking or trembling had been observed in this location that time. Intensity of this IDP was 
reassessed as 4 EMS-98.

More IDPs and higher intensities (up to 4-5 EMS-98) occurred in the western half of the 
Czech territory almost independently of the distance from the focus. A relative increase in the 
number of observations and in the level of intensity was observed in the young sedimentary 
basins of Plze , Chomutov, eské Bud jovice, Kladno and Ostrava. No reports were obtained 
from the easternmost part of the Czech Republic along the border with Slovakia.

3.8. France
BCSF has re-evaluated the original questionnaires using the EMS-98 criteria to produce 

updated intensity estimates. As the Friuli earthquake did not damage any buildings in France, 
except for rare cracks in a few ancient houses (vulnerability A, in Artzenheim and Huningue), 
the lack of vulnerability information in the 1976 questionnaires had no effect on the recalculated 
intensity values. These EMS-98 estimates included 6% of intensity 4, 23% of intensity 3, 10% of 
intensity 2 and 61% of intensity 1 (not felt).

Shaking from the Friuli event was ampli  ed by the sediments located in the Fossé Rhénan 
basin, leading to intensity 4 EMS-98 estimates for 15 municipalities located in the Alsace plain. 
The maximum EMS-98 intensity is estimated at 4-5 in Artzenheim in the south of Alsace, but this 
estimation is of uncertain quality. Perceived effects were rare in the Vosges massif and weak on 
the Lorraine plateau (Thionville 630 km of epicentre, Nancy 595 km).
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3.9. Poland
Unfortunately, the macroseismic questionnaires have not been stored. Reassessment of 

IDPs was done assuming that (according to Grünthal et al., 1998) in principle values of 
intensities in both scales are the same for I<5 and secondly, that the EMS-98 scale suggests 
preferably integer values and prefers underestimated to overestimated values. Thus, intensities 
assessed at II-III and III-IV in the MSK-64 scale became, respectively, 2 and 3 in the EMS-98 
scale.

The data for this study were supplemented by some IDPs omitted in papers by Guterch 
and Lewandowska-Marciniak (1976), and Kárník et al. (1978). The  nal list consists of 86 
IDPs in both MSK-64 and EMS-98 with Imax 4 EMS-98 in two localities (Luba  and Lwówek 

l ski).

3.10. Switzerland
Macroseismic data for Switzerland were supplied by Donat Fäh, ETH. The  le consists of 

153 IDPs with Imax IV MSK-64. The new study was not performed. We have accepted that MSK 
= EMS (Musson et al., 2010).

3.11. Slovakia
The contemporary Slovak macroseismic questionnaire in MCS was compared with the current 

Slovak macroseismic questionnaire in EMS-98. Questions with similar meaning for both intensity 
scales were marked. A good match between the structure of questions and answers was found, 
so the contemporary MCS questionnaires were used for IDPs re-evaluation in terms of EMS-98. 
All MCS questionnaires were processed with the recent technique used in Slovakia to evaluate 
the macroseismic effects in EMS-98 scale (Labák and Ková ová, 2002). The information from 
the contemporary regional newspaper “Ve erník” were used secondarily to identify the parts of 
Bratislava where the macroseismic effects were felt.

Two separate investigations for Bratislava were performed: all questionnaires (reports) 
regardless of the  oor of observation and reports only up to the  fth  oor. Because of a lack 
of suf  cient data for a more detailed investigation, only one IDP for the capital Bratislava was 
obtained. Therefore, no IDPs for the Bratislava city districts are available.

The collection of macroseismic data was organized in 5 localities, and the institute in Bratislava 
received negative reports from the local municipal administration of Záhorská Ves and Ve ké 
Leváre. These negative reports were not mentioned in the previous study (Kárník et al., 1980a). 
The IDP for Kúty remains the same for MCS and EMS-98 scales; however the IDP for Bratislava 
is now half a degree higher in EMS-98 compared to MCS scale. The inclusion of observations 
only up to the  fth  oor does not change the IDP value in EMS-98. The new value 3-4 EMS-98 
for Bratislava corresponds to the value in MSK-64 scale (Kárník et al., 1980a) and is the new Imax 
value for the territory of Slovakia.

3.12. Belgium
In this re-evaluation work, macroseismic  observations in high-rise apartment buildings were 

disregarded, as recommended in the EMS-98. For the 27 other localities, we estimate the intensity 
to be 2 EMS-98.
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3.13. Hungary
The archives of the Kövesligethy Radó Seismological Observatory of the Hungarian Academy 

of Sciences were searched in 2016 and no macroseismic data for 1976 earthquake were found. 
A further search for macroseismic data was performed and it was found out that the earthquake 
effect was described by several contemporary county and national newspapers using almost 
exactly the same words. The texts (e.g. in the Hungarian newspaper Népszabadság, Vol. XXXIV, 
Number 108, 8 May 1976, page 1) say: "The north-Italian earthquake remained almost unnoticed 
in our country, news of swinging chandeliers and clattering china were received only from 
Szombathely; damage has not occurred anywhere." Therefore the intensity  le for Hungary 
consists of 1 IDP with Imax felt.

3.14. Serbia
According to Branko Dragi evi , Seismological Survey of Serbia in Belgrade, the earthquake 

was not felt in Serbia; in the macroseismic archives of the Survey there is only a handwritten list 
of the intensities for some localities in Slovenia (Dragi evi , 2016). Some contemporary Serbian 
newspapers stored in the macroseismic archive of ARSO were also checked, but they published 
only the reports from the damaged area in Slovenia.

4. Discussion and conclusions

In 2016, we began considering the feasibility to re-evaluate all the macroseismic data for the 
Friuli mainshock. In the beginning, the idea was to do the re-evaluation only for high intensity 
countries, but an increasing number of countries were coming in with their data, checking and re-
checking their data sets. In September 2016, at the General Assembly of European Seismological 
Commission in Trieste, Italy, we were then able to present a  rst draft of the map (Ceci  et al., 
2016). Since then, more data has been added and more countries joined in the effort to produce an 
as complete data set as possible.

Several problems have been encountered on the way, starting from the disturbing discovery that 
the Italian questionnaires were lost or no longer available, to the fact that many other documents 
were lost over the past 40 years. Fortunately, a number of colleagues that were personally involved 
and active in times of the Friuli earthquake are still with us, so we have used their knowledge and 
memory to decipher some of the puzzles we found in our macroseismic archives.

This study presents the intensity data set for 13 European countries (as of 2018, as in 1976 
there were 10 countries): Austria, Belgium, Bosnia and Herzegovina, Croatia, Czech Republic, 
France, Germany, Hungary, Italy, Poland, Slovakia, Slovenia and Switzerland. In addition, there 
is information that the earthquake was not felt in Serbia (but no IDPs). It is, to our knowledge, 
one of the largest European data sets, consisting of 3423 IDPs (Electronic Supplement and Figs. 
7 and 8). The earthquake was felt, from Rome in the south to the Baltic Sea in the north, and 
from western Belgium in the west to Warsaw, Poland, in the east. The maximum intensity 10 
EMS-98 was reached in eight localities in Friuli, Italy (Electronic Supplement). The lowest Imax 
(in a particular country) was reached in Hungary, where the earthquake was felt in one locality 
(Szombathely). From the map (Fig. 7), a different density of data points becomes obvious. This 
depends on the different kind of data collection at the time of the earthquake and if such data were 
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Fig. 7 - Map of the intensity points realized with the new data set in EMS-98.

preserved. Differences in data density are so pronounced in some parts that state boundaries can 
be traced. It is very noticeable that parts of the study area show a high density of IDPs, while in 
others there is only very sparse data coverage. Striking differences also occur in the periphery of 
the felt area. In some parts, the outer border of the felt area can be described suf  ciently well, like 
in Belgium, northern Germany and in Poland.

Compared to the previous studies, the Imax values have changed from country to country, in 
some cases being lowered due to methodological differences, but in case of three of the most hit 
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Country N. IDPs before N. IDPs now Imax before Imax EMS-98
Italy I 772 770 IX-X MCS 10
Slovenia SLO 52 304 VIII MSK-64 8-9
Austria A 934 1008 VII-VIII MSK-64 7
Croatia HR 17 22 V-VI MSK-64 7
Germany
W. Germany(BGR)
E. Germany (GDR)

D-W
D-E

74
225

110
225

V MSK-64 5

Bosnia-Herzegovina BH 0 2 NF 4-5
Czech Republic CZ 458 458 VI MSK-64 4-5
France F 248 248 V MSK-64 4-5
Poland PL 86 86 IV MSK-64 4
Switzerland CH 153 153 IV MSK-64 4
Slovakia SK 2 4 III-IV MCS 3-4
Belgium B 32 32 F 2
Hungary H 1 1 F F
Serbia S 0 0 NF NF
Total IDPs 3054 3423

Table 1 - The overview of the macroseimic data for the 6 May 1976 earthquake in 15 European countries. IDP = 
intensity data point; before = studies prior to 2016 have been considered.

SLO

A

I

Fig. 8 - Focus on the 
epicentral area of the 
new map. See the legend 
in Fig. 7.

countries (Italy, Slovenia and Croatia), Imax is now higher than in the previous studies, mainly due 
to the introduction of new data (Table 1).

The task of producing the intensity map of an earthquake that was felt in the best part of 
Europe is indeed huge; however, this is just a beginning of dealing with this long and complicated 
earthquake sequence, as there are numerous aftershocks to be dealt with yet. Nevertheless, the 
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study shows that it is possible to establish excellent international cooperation in macroseismology, 
and combine efforts in implementing the same methodology in order to achieve a joint goal.

We close this paper with a curious, but interesting observation about this earthquake: an 
amateur astronomer, making observations in his garden somewhere in the south of England on the 
night of the earthquake, noticed the image of a distant star he was looking at through his telescope 
quiver for a moment. He later discovered that this occurred exactly at the reported time of the 
Friuli earthquake (Roger Musson, personal communication).

Supplementary material related to this article is available online at the BGTA website 
www3.inogs.it/bgta. 
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ABSTRACT  We used all the macroseismic data of the Friuli, 6 May 1976 earthquake to: i) retrieve 
geometric and kinematic information on the source, by doing automatic nonlinear 
geophysical inversions; ii) to analyse site effects. The inversions were performed 
with the KF model of radiation of S body waves in the 10- to 100-km distance range 
from the source, using a genetic algorithm with niching (NGA). A solution with a 
N-dipping fault was obtained, with strike angle 266°±10°, dip angle 53°±8°, rake 
angle 71°±11°. For the site effects we used the type of soil, the depth of the bedrock, 
the simpli  ed impedance classes and the NEHRP classi  cation. A detailed analysis 
on the Gemona fan in the epicentral area was also done using intensities from 69 
districts of the town. The general analysis con  rms ampli  cation on soft soils at great 
epicentral distances. The analysis of Gemona showed a striking correlation between 
the trend of macroseismic data and the contour lines of the topography of the fan, with 
maximum intensity (X-XI, i.e. 10.5) toward the apex of the fan and minimum intensity 
(VI-VII, i.e. 6.5) in the Friulian Plain beneath it.

Key words: macroseismic intensity, nonlinear geophysical inversion, site effects, Friuli earthquake 1976, 
seismic response of alluvial fan.

1. Introduction

The Friuli earthquake of 6 May 1976, ML 6.4 (Slejko et al., 1999), Mw 6.45±0.1 (Pondrelli et 
al., 2001) was the most devastating event in north-eastern Italy in the last two centuries (Locati 
et al., 2015). The epicentral area is located in the Friuli - Venezia Giulia (FVG) region, north of 
the city of Udine. The main shock occurred at 20:00:12 (UTC). In September of the same year, it 
was followed by four major shocks: 11 September 1976 at 15:31 UTC M 5.2, 11 September 1976 
at 15:35 UTC M 5.6; 15 September 1976 at 02:15 UTC M 5.9 and 11 September 1976 at 08:21 
UTC M 6.0.

In Italy, the main shock struck 77 municipalities, with a death toll of 969 and displacing over 
45,000 people from their homes. In the Slovenian area, the damaged municipalities were mainly in 
the upper and middle valley of the So a River, especially Bovec, Kobarid and Tolmin. In Austria, 
the damaged area covered the Kärntnen and Tirol areas. At the time, no local seismographic 
networks were available. There is, therefore, no unanimous consensus on the source of the 
earthquake. Various hypotheses from the literature are shown in Fig. 1. In the  gure, it can be seen 
that the proposed seismic sources are distributed in a fairly wide area, from the northernmost ones 
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suggested by Cipar (1980) and by Pondrelli et al. (2001), to the southernmost models proposed by 
Galadini et al. (2005) and Burrato et al. (2008). Apropos, the "ITGG120 Gemona South" source 
by Burrato et al. (2008), is now marked “ITIS120” by the DISS Working Group (2015). The 
broken segments are their virtual intersections with the topographic surface. The intersection of 
the model by Zollo et al. (1997) is out of the  gure. Obviously, it has not been possible to consider 
that these reverse faults have a concave, listric, shape.

Table 1, summarizes what is depicted in Fig. 1 and some epicentral determination techniques 
used. One of the  rst reliable assessments was by Cipar (1980), shared more or less by other 
authors including the USGS (Anderson and Jackson, 1987), Piromallo and Morelli (1998), 
Pondrelli et al. (2001). Cipar (1980) and Piromallo and Morelli (1998) used body waves 
(Table 1). More recently, some proposed epicentres were moved further southwards; see the 
epicentre by Zonno and Kind (1984) in Fig. 1, that was con  rmed by Barbano et al. (1985) and 
De Natale et al. (1987) (this epicentre was obtained by inverting synthetic seismograms). The 
hypotheses by Galadini et al. (2005) and Burrato et al. (2008) are in the southern part of Fig. 1.

In Fig. 1, the rectangular sources drawn with thick lines were proposed by the various authors 
from their original models. The three rectangles with thin sides (Cipar, 1980; Slejko et al., 1999; 

Fig. 1 - Epicentres (stars) and rupture models (rectangles) of the 6 May 1976 main shock and outcrops of geologically 
active faults in the area, proposed by various authors. Key: magenta Cipar (1980); black Zonno and Kind (1984); 
yellow Aoudia et al. (2000); white Slejko et al. (1999); blue Zollo et al. (1997); cyan Pondrelli et al. (2001); black 
Burrato et al. (2008); brown Galadini et al. (2005); red Perniola et al. (2004). Double red circle: macroseismic epicentre 
by Locati et al. (2015).
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Pondrelli et al., 2001) were designed by us for approximate comparison purposes. For this, we used 
the lengths and widths of the fault planes obtained from the well-known empirical correlations 
[Table 2 of page 990,  rst and third equations] of Wells and Coppersmith (1994).

As for the epicentre improvements, the localization of 6 May reported by Peruzza et al. (2002) 
[black circle in their Fig. 1, corresponding to Slejko et al. (1999) not shown here] is very close 
to that of Aoudia et al. (2000) [black/white circle in the same  gure by Peruzza et al. (2002)]. 
Peruzza et al. (2002) used a greater number of replicas than the previous authors. At  rst, it was 
thought that the epicentre by Cipar (1980) should be discarded because it was too far north from 
the aftershocks reported by Aoudia et al. (2000); but, when the relocations by Peruzza et al. 
(2002) became available, one understood that it was likely reliable. Aoudia et al. (2000) propose 
an interesting comment: the relocated 34 events along with other aftershocks data located by a 

Table 1 - Source parameters of the earthquake of 6 May 1976 in the Friuli region from the literature. The latter alternative 
consensus model is in brackets, if present.

Cipar 
(1980)

Slejko et 
al. (1999)

Aoudia et 
al. (2000)

Pondrelli 
et al. 

(2001)

Perniola et 
al. (2004)

Galadini et 
al. (2005)

Burrato et 
al. (2008)

Zollo et al. 
(1997)

Anderson 
and 

Jackson 
(1987)

Ekström et 
al. (1987)

M mb=6 
Ms=6.5

Ml=6.4 Ms=6.5 Mw=6.4 Mw=6.4 a M=6.57 Mw=6.4 Ml=6.4 mb=6 
Ms=6.5

mb=6 
Ms=6.5

Epic. Lat. 
[°N]

46.36 46.262 46.29 46.36 b 46.275 c 46.24 46.281d 46.36 46.33

Epic. Lon. 
[°E]

13.28 13.300 13.25 13.27 b 13.246 c 13.12 13.256 d 13.28 13.17

Prof. [km] 6-10 5.71 7(8.5) 8 6.5 12.9 9 15
Note Body waves Stress 

inversion
Surface 
waves

Ground acc.

L [km] 16-20   12 14 18.5 14 18 25 16 13
W [km] 10 e 11 e 11.2 11 e 14 23 9 13.8
H [km] 1.5 2-6.5 10

Strike[°] 76 (290 h) 88 (294 h) 288 282 f 282 g 290 270 76 (267 h) 284 (74 h)
Dip[°] 75 (18 h) 70 (24 h) 29 23 f 23 g 30 12 75 (15 h) 18 (75 h)

Rake[°] 80 (123 h) 112 119 f 119 g 75 105 90 87 (101 h) 119 (80 h)
 

Catalogues DISS CFTI NT4 CPTI

Epic. Lat. 
[°N]

46.25 46.233 46.232 46.241 i

Epic. Lon. 
[°E]

13.14 13.05 13.066 13.119 i

a taken from Pondrelli et al. (2001);
b epicentre almost identical to that by Piromallo et al. (1998);
c taken from Zonno and Kind (1984);
d taken from De Natale et al. (1987); 
e calculated by us using  rst and third equation of Table 2, page 990, of Wells and Coppersmith (1994);
f from Arvidsson and Ekström (1998);
g from Pondrelli et al. (2001);
h auxiliary plane;
i obtained using the Boxer algorithm by Gasperini et al. (1999);
l from instrumental data.
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local network and reported in Granet and Hoang (1980) are compatible with the epicentre by Cipar 
and suggest that the rupture has propagated almost unilaterally toward west. The distribution of 
aftershocks until August 1976 (Peruzza et al., 2002) con  rms the presence of some seismicity 
close to the epicentre by Cipar (1980); therefore, it cannot be discarded for lack of seismic activity 
in the area. This is, however, compatible with the main part of the rupture being found west 
and south of the epicentre by Cipar (1980). In Fig. 1, the macrosismic epicentre by Locati et al. 
(2015) is marked by the double red circle SW of the sources proposed, at the opening of the River 
Tagliamento valley in the Friulian Plain.

Slejko (2018) noticed that two areas remain broadly identi  ed by the previous epicentral 
determinations: the Resia Valley, NE of Venzone, and the foothills of the Julian Alps, east of 
Gemona. According to this author, the latter group of locations is more reliable than the former 
one because it was obtained also by using local stations.

Cipar (1980) calculated one of the  rst solutions of the focal mechanism (Table 1), but he 
chose the anti-Alpine plane (dipping south) as the principal plane; the solutions by Anderson and 
Jackson (1987) and in part also that by Slejko et al. (1999) agree with him. On the other hand, 
Aoudia et al. (2000) and Pondrelli et al. (2001) chose an Alpine fault source, in accordance with 
similar sources by Zollo et al. (1997) and Burrato et al. (2008).

Aoudia et al. (2000) believe that a three-piece segmented fault outcropping en echelon (Buia, 
Mt. Bernadia, Susans, drawn in yellow in Fig. 1) could be the super  cial prolongation of the 
causative fault of 6 May, an active structure striking approximately W-E. In Fig. 2, the alignment 
of the three segments of Aoudia et al. (2000) is compatible with the structure indicated by the 
green arrows (that could also be active according to other authors).

The DISS database (DISS Working Group, 2015) of the Istituto Nazionale di Geo  sica e 
Vulcanologia (INGV) and of Burrato et al. (2008) chose the Susans-Tricesimo Fault as a possible 
fault source in the area [also proposed by Galadini et al. (2005)]. In Figs. 2 and 3, this fault is 
highlighted by the blue arrows. The DISS models by Burrato et al. (2008) coincide with the 
Susans segment, but eastwards the two hypotheses diverge also because Aoudia et al. (2000) give 
credit to an active fault segment along the southern slope of Mount Bernadia. In the section of 

Table 2 - Ranges explored and results of the KF-NGA inversion

Parameters Range and step First best  tting Second solution
Strike angle (°) 0 - 359; 1 266 ± 10 80     (80) a

Dip angle (°) 20 - 90; 1 53 ± 8 38     (37) a

Rake angle (°) (±180°) 0 - 179; 1 71 ± 11 80     (85) a

Nucleation longitude (°) 13.00 - 13.60; 0.01 13.30 ± 0.22
Nucleation latitude (°) 46.20 - 46.50; 0.01 46.38 ± 0.10
Depth (km) 4 - 24; 0.1 21.9 ± 3.6
Rupture length (km) along strike 14.20
Rupture length (km) anti-strike 11.00
Vs (km/s) 3.00 - 3.95; 0.01 3.92 ± 0.12
Mach N. along strike 0.50 - 0.99; 0.01 0.90 ± 0.06
Mach N. anti-strike 0.50 - 0.99; 0.01 0.80 ± 0.10
M0 (1018 Nm) 1.0 - 7.0; 1.0 6.9 ± 1.5

r2 534 555
h auxiliary plane of the  rst best  tting source. We applied one standard deviation as the 68% probability error.
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Fig. 3 - Geological section; see the outcrops of two faults in Fig. 2 [modi  ed from Merlini et al. (2002)].

Fig. 2 - Geological map of the study area [extracted and modi  ed from the geological map by Carulli (2006); original 
scale 1:150,000]. See the trace of the section of Fig. 3. The blue and green arrows point to the outcrops of the two faults 
highlighted in Fig. 3.
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Fig. 3, the two structures (Susans-Buia-Mt. Bernadia and Susans-Tricesimo) are identi  ed with 
the same arrows of Fig. 2.

We are of course aware that there are many reliable fault-plane solutions already available, 
based on instrumental measurements (see Table 1). From this point of view, this work is an 
exercise to understand the quality of the solutions provided by the KF-NGA technique in the 
case of a relatively recent (and well-recorded) earthquake. Then, we also stress that the available 
intensities presumably contain some site effects (that worsen the inversion). The case study 
actually compares the solution obtained by KF-NGA inversion with those obtained from various 
authors who used instrumental data.

In general, the great amount of macrosismic data available for this earthquake gave us the opportunity 
to test modern methods of treating this type of data. As far as source inversions are concerned, we 
have previously dealt with such rich data sets with satisfactory results only for the earthquake of 
Irpinia 1980 [521 data: Sirovich et al. (2013)] and that of Calabria in 1905 [453 data: Loreto et al. 
(2012)]. But we have got good inversions, veri  ed on the basis of independent information, even 
with small sets of data, of 200 and even just 50 data. In the case of the Ferrara earthquake of 1570, we 
found a reasonable solution in the tectonic context with only 30 point intensities [the found solution 
explains the deviation of the River Po at the end of the XVI century; Sirovich and Pettenati (2015)].

2. Seismotectonics of the area

In 1976, no coseismic ruptures related to the source faults were detected on the ground. For 
this reason, the source of 1976 is still controversial. However, it is located in the transition zone 
between the Southern Alps and the Dinarides. The transition is marked by the Southern Front or 
Periadriatic Lineament (Placer, 1999; Ponton, 2010), just north of the Adriatic foreland, limited 
by the Mesozoic margin of the African continental shelf (African microplate). The Periadriatic 
Lineament is an important tectonic line that runs through this entire Alpine sector tendentially in 
the E-W direction and has conditioned the geodynamic evolution of this region in the collision 
between the Adriatic microplate and the European plate since the upper Cretaceous.

As is well-known, in the Southern Alps the tectonic lines have a prevailing E-W direction, 
dipping northwards, and compressive mechanism, sometimes with a right-hand component (such 
as the Fella-Sava Line). In the Dinaric region, the tectonic lines are dominated by NW-SE strike 
and right-hand mechanisms (such as the Ravne and Idrija lines), that accommodate the movement 
of the Adriatic microplate northwards while subducting under the Southern Alps.

3. Macroseismic data

In May 1976, the collection of information on the macrosismic effects of the earthquake began 
shortly after the main shock. In December of that year, the  rst isoseismal map was published 
by Giorgetti (1976a), at that time in the MSK 1964 scale (Fig. 4). Unfortunately, the article did 
not report the number of sites investigated and the point intensities, but only the hand-drawn 
isoseismals; this was the practice of that time, however.
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In this article, we used the macroseismic intensity, I, data available in 2010 from three 
catalogues: the Italian one [737 data: catalogue DBMI04 by Stucchi et al. (2004)], the Slovenian 
one by the Agencija Republike Slovenije za okolje, ARSO [210 data: Ceci  (2002)] and the 
Austrian one [946 data: Drimmel et al. (1979)]. Tertulliani et al. (2018) have re-evaluated the 
data in the EMS-98 scale. Simpli  ed information on the soil type and thickness is available for 
many sites. We have thus been able to evaluate if any site effects affect the data set. Eliminated 
the very low intensities (I = I), 856 intensity points were selected from these three sets within 100 
km from the epicentre. Most of the data is on the MCS scale (even the Italian ones); Slovenian 
ones are in the MSK scale.

There are differences between the two scales, but we preferred not to attempt transformations 
between different scales; doing so we followed the authoritative opinion of Musson et al. (2006): 
“intensity values are likely to vary more between two seismologists using the same scale than 
between two scales used by the same seismologist (at least for twelve-degree scales)”.

Statistical outliers (possible errors, unexplained anomalies, or strong site effects) were sought 
with the classical Chauvenet method [Barnett and Lewis (1978; pp. 19-20), see also Johnston 
(1996)], which assumes that the epicentral distances d(I) follow a log-normal distribution, as also 
in the 1976 data set, among which 23 statistical outliers were found and were, therefore, excluded 
from the set. The intermediate values, as VI-VII, were rounded to the higher value to respect the 
concept of macroseismic scales, which have steps corresponding to integer degrees. We believe 

Fig. 4 - Isoseismals of the 6 May 1976 main shock hand-drawn by Giorgetti (1976a) following the practice of the epoch 
(MSK-64 scale).
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that the 1976 data set is of good quality. We drew the isoseismals by contouring the data using the 
Natural Neighbour algorithm (Sirovich et al., 2002). The result is a picture (Fig. 5a) - obtained 
without  lters or interpretations - quite different from the isoseismals that were hand-drawn in 
1976; the  gure shows the central part of the surveyed area, between 45.5° and 47.1° latitude, 
and 12.1° and 14.4° longitude; a total of 833 data was used for this. In Fig. 5a, the isolines 
pass through the half degrees. Observing Fig. 5, we can see that our contour matches exactly all 
experimental data. The image shows some anisotropic attenuation, with several small anomalies. 
Note for example: i) the low radiation southwards, with a large V (blue) area towards the coast; ii) 
that the IX zone is slightly elongated in the E-W direction, but with a short lobe towards NE and 
with four I = X (purple) islands; iii) that the main isoseismal of I = VIII is jagged (ocher colour), 
with a one degree decrease toward NW that seems to be a minimum of radiation; iv) IV is only 
reached east and SE (in only 4 sites). Hypothetically, these anomalies could be due to source, path 
or site effects.

Usually deviations from the surrounding area are of one degree; there are few sites with 
differences of two degrees. This happens for example - about 25 km ENE of Udine - for two 
adjacent V degrees (blue) with a small circular crown of VI (pink) in turn included in the VII 
(yellow) area. At the scale of Fig. 5a, however, it is not possible to hypothesize direct connections 
between these irregularities and the main physiographic and geomorphological characteristics of 
the area, shown in Fig. 2. By comparing Figs. 2 and 5a, we refer to the presence of: i) the Friulian 
Plain in the south and south-western regions of Fig. 5a, ii) the Southern Alps in the northern 
Italian sector of the  gure, iii) the beginning of the Dinaric chain in the Italian and Slovenian 
eastern sectors of the  gure, iv) the eastern Alps in Austria; v) alluvial valleys, sometimes deeply 
incised, crossing the mountainous areas (such as some parts of the Tagliamento and Fella valleys).

The fact that anomalies greater than one degree are rarely observed, combined with the fact 
that the I data could be affected by uncertainties and evaluation errors, suggests, however, that 
local effects might have played a minor role in Fig. 5a (we attempted to evaluate site effects 
however, see the next paragraph).

The likely minor role of site effects is the  rst reason we have decided not to correct the data. 
The second is that we do not have univocal policies to make such corrections on all data. The third 
is that corrections would have left us open to accusations of manipulation. The fourth is that the 
presence of incorrect data turns into noise in the inversion, but in the previous studies mentiond 
in the Introduction this has not undermined the results.

The 833 data in Fig. 5a were inverted with the KF-NGA procedure.

4. Searching for site effects

4.1. Searching in the total data set
We performed statistical regressions on I data as in Sirovich and Pettenati (2001) and Pettenati 

and Sirovich (2003). The purpose was to verify the in  uence of geological site conditions. First, 
we examined the point data observed in the 219 municipalities of FVG. These 219 data had been 
associated with simpli  ed geological classi  cations drawn from the FVG Civil Protection Plan 
of 2006 (Slejko et al., 2011). The analysis was then extended to 554 FVG sites (Fig. 6). For these 
554 sites, the NEHRP classi  cation (Michelini et al., 2008) had also been used but did not show 
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Fig. 5 - Isoseismals of 
the 6 May 1976 main 
shock: a) Natural Neighbour 
isoseismals (see text), 
the black dots are the 
point intensities used 
for the present KF-NGA 
inversion, they come from 
these catalogues: DBMI04 
(Stucchi et al., 2004); ARSO, 
(Ceci , 2002); Drimmel 
et al. (1979); b) syntethic 
isoseismals produced by the 
 rst best  tting solution of 

Table 2, column 3, obtained 
from our KF-NGA inversion.

a

b



Boll. Geof. Teor. Appl., 59, 445-462 Pettenati et al. 

454

reliable ampli  cation. For the 219 municipalities in the FVG region, we also had approximate 
information on the depths of the bedrock, but, in this case, the results were statistically unreliable. 
In Fig. 6, we used the lithologic categories adopted by the R.M.S. Inc., that are described in 
Pettenati and Sirovich (2003). Fig. 6 shows: the regression line of the total sample (in gray) with 
the 95% con  dence band; soft sites (yellow); stiff (red) and rocky sites (blue). The regressions of 
Fig. 6 show that soft soils amplify at epicentral distances greater than about 40-50 km. There is 
a slight tendency for hard ground and rocks to amplify at distances shorter than 15 km, but this 
clue is unreliable because their regression lines fall within the 95% con  dence band of the total 
sample.

4.2. MSK intensities on the alluvial fan of Gemona
We recovered the original cards of the damage survey for assessing the I of 6 May 1976 in the 

territory of Fig. 7. The  gure shows the alluvial fan of the historic centre of Gemona, the slopes 
of the eastern hills, and part of the plain at the foot of the fan. At the time (the survey begun on 21 
May 1976), the cards had been acquired by OGS under the direction of prof. Francesco Giorgetti 
(Giorgetti, 1976b). The Giorgetti-OGS team had divided the Gemona municipality into 47 built 

Fig. 6 - Site effects in the 554 sites of the FVG region (Slejko et al., 2011). See the text for the key for soft, stiff  and 
rocky sites.
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areas. It surveyed the damage there and gave the estimated I values to the barycentres of the 47 
areas. We have positioned these point intensities using a GIS program based on the 1:5,000 scale 
elements of the current version of the Regional Topography of Friuli-Venezia Giulia. In another 
layer, however, we also included the scanned paper version of the same type of topography 
printed in 1974 (1971  ight), i.e. before the earthquake of 6 May 1976. The use of the 1971-1974 
topography was indispensable for  nding the buildings examined by the Giorgetti-OGS team 
right after the earthquake.

The red dots in Fig. 7 are the 47 point intensities of the Giorgetti-OGS group; we used the values 
corrected by hand by prof. Giorgetti in 1976 ( Francesco Giorgetti, 2008, private comunication). 
The intensities are in the MSK 1964 scale (Medvedev et al., 1965). Thus, Fig. 7 is the only empirical 
reference available for checking the quality of the simulation of the seismic response of the Gemona 
fan to the 6 May 1976 earthquake. The contouring of isoseismals in Fig. 7 was performed with the 
Natural Neighbour technique (Sirovich et al., 2002) on the current digital map (1:25,000 scale; 
sheet 049-SO Gemona del Friuli). Obviously, the built part seen in Fig. 7 is much wider than in 
1971. The highest part of the fan is to the right in Fig. 7. The fan is shaded in blue and the intensity 

Fig. 7 - Alluvial fan 
of Gemona, slopes of 
eastern hills, and part of 
the plain beneath them. 
Elevation isolines are in 
black; Natural Neighbour 
isoseismals are in red 
(see text).
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of the colour is proportional to the elevation of the fan with respect to the plain at its foot. In the 
intensely built areas of Fig. 7, the elevation isolines have been plotted with dashed lines.

Fig. 7 shows two striking features: i) in the area of the fan, the isoseismals are roughly parallel 
to the elevation contour lines; this suggests an increase in ampli  cation with the increase of the 
fan thickness; ii) there is a difference of about 3 degrees of I between the highest part of the 
fan and the underlying plain (left in Fig. 7); this is a very high difference in the international 
case history (the maximum difference of topographic elevation between these two parts is about 
160 m).

The isoseismals of Fig. 7 are open to the west, north and east due to the absence of data in 
those directions. They are, however, closed from SW to the SE thanks to the presence of data in 
the area of Artegna (outside Fig. 7, but used for the contour).

5. KF inversion

We performed the automatic geophysical inversion of the point intensities of FVG using the 
KF algorithm with a niching genetic algorithm (NGA). The purpose was to retrieve information 
on the source. We recall that the KF model treates only body waves (Sirovich, 1996). This 
technique has already been tested repeatedly by comparing the geometry and kinematics of the 
causative faults retrieved by KF-NGA inversions with those acquired from modern modelling of 
instrumental data (in some cases supported by evidence of surface breaks) of a series of recent 
earthquakes in California (Gentile et al., 2004; Pettenati and Sirovich, 2007). The algorithm has 
also been tested succesfully with the earthquake of Cansiglio 1936 M 6, close to FVG (Sirovich 
and Pettenati, 2004). In some cases, the KF-NGA source inversions of ancient earthquakes were 
con  rmed by observations of surface fault rupture made by witnesses in the 17th century and 
found in historical archives (Sirovich et al., 2013), and by geomorphological, hydrographic and 
palaeoseismic data (Sirovich and Pettenati, 2015; Pettenati et al., 2017).

In this paper, we use all point intensities (833 data) within 90 km distance from the epicentre, 
where we suppose that body waves prevail. We are of course aware that there are many reliable 
fault-plane solutions already available, based on instrumental measurements. We did this exercise 
especially to understand how the KF-NGA technique behaves in the case of a recent earthquake, 
with intensities presumably containing some local effects.

We call regression  t the sum of squared residuals r2 (observed-minus-calculated) on the 833 
data processed. The best solution has a  t of 534 in Table 2 (column 3). The source of column 3 
of Table 2 shows an Alpine style, with a strike nearly E-W (266°±10°), with a dip of (53°±8°) 
toward the north and a predominantly dip-slip mechanism (Table 2; also see Fig. 5b). As said, 
the angle of rake (71°±11°) has a strike-slip sinistral component. From the literature, we know 
of course that the earthquake had a reverse mechanism, but the KF-NGA technique has a ±180° 
intrinsic ambiguity. The second solution of the inversion (Table 2, column 4) has a  t of 555, 
strike 80°, dip 38°, rake 80°±180° (we did not calculate its inversion errors). We stress that, when 
the inverted rake is exactly 90°, there is also perfect ambiguity between the two auxiliary planes. 
In our case, the rake is 71°, and, then, there is no ambiguity with the auxiliary plane. We comment 
that the second solution (Table 2, column 4) is, however, not far away from the auxiliary plane of 
the Alpine fault plane of column 3 of the same table (see Table 2).
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6. Discussion

The use of data expressed in different macroseismic scales could have worsened the source 
inversion (see the relevant errors in Table 2), but did not preclude it. Site effects, therefore, 
deserve some more discussion, especially because of the peculiar data that we treated (i.e. one I 
value in each town). In general, note that our earlier results suggested that site effects might not 
have been well preserved in this kind of catalogue in the Los Angeles region and in southern 
Italy, possibly because towns are often rather far apart and stand in geologically heterogeneous 
environments (Sirovich and Pettenati, 2001; Pettenati and Sirovich, 2003). We are conscious that 
the literature offers clear evidence of local I ampli  cations related to town quarters in different 
geological conditions (which, however, are not reported by the catalogues we use). The results of 
Fig. 7 con  rm that very local site effects can occur, but they are somehow averaged out when the 
response of the whole town is given by one point I. Some observations by Molnar et al. (2004) in 
Greater Victoria for the 2001 Nisqualli earthquake con  rm this. In fact, they showed that: 1) the 
resolutive capacity of the point intensities in a heterogeneous city environment decreased going 
from street addresses (a full 1.0-unit difference in I) to postal code (0.6-unit difference); 2) three-
degree differences (as in our Fig. 7) were common on a postal code basis.

The degree of damage to the historical centre of Gemona in 1976 deserves comment. We have 
also consulted the 1976 damage maps at the municipality of Gemona and performed a survey 
of the site. We veri  ed that in the centre of the town the buildings of a segment of Bini Street 
(see Fig. 7) were less damaged than those of neighbouring areas. In this part of Bini Street, the 
thickness of the alluvial fan would be small and the bedrock almost outcropping; in fact, this site 
is located along the southern  ank of the fan, in the direction of a rocky promontory close to the 
fan. In Fig. 7 this local drop in intensity cannot be noted because in 1976 the OGS teams observed 
the damage around the cathedral, and then they moved further NW, bypassing the less damaged 
section of Bini Street. Giorgetti (1976b) attributed the XI degree (which is likely) to the cathedral 
area; then, he put four points with I = 10.5 towards NNW (Cavour Street towards Caneva Street). 
However, the aforementioned sampling de  ciency of the centre does not affect the result of the 
three degree ampli  cation between the plain (VII) and the upper part of the fan (X). Note that the 
point I reported for Gemona by the DBMI04 catalogue (Stucchi et al., 2004) is VIII-IX.

Then, as regards site effects on a regional scale, our analysis with regressions and con  dence 
bands con  rmed some ampli  cation of soft soils at long epicentral distances.

Coming to the inversion results, the present case study allowed us to compare our solution 
with those obtained by various authors who used instrumental data. The black rectangle inside 
the light blue  eld of Fig. 8 shows the projection of the best  tting solution of Table 2, column 
3, for the fault source. The projection was designed using its central values. The light blue  eld 
indicates the possible positions of the epicentre identi  ed by the errors reported in the same 
table. The black thick segment, 11 km long, represents the central value of the length of the line 
source; on it, the small and thick segment marks the epicentre (the horizontal rupture propagation 
is almost symmetrical); the thick dashed black segment in Fig. 8 represents the hypothetical 
intersection of the best  tting solution with the topographic surface (the likely listric shape of 
the prolongation of the fault in nature is not considered). The large "X" in red, inside the black 
rectangle, indicates the possible extreme orientations of the line source considering the error of 
±10° of the strike angle.
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The northern line dashed in red (striking WE and almost rectilinear) shows the northernmost 
theoretical intersection of the prolongation of the best  tting solution with the topographic 
surface, once the northernmost epicentre and the highest dip angle of the third column of 
Table 2 are taken into account. The corresponding line dashed in red close to the city of Udine in 
Fig. 8 has been obtained by considering the errors that move this intersection as far south as 
possible (the southernmost epicentre and the lowest dip angle). In other words, at the limit of 
the 95% con  dence interval, the theoretical possible outcropping of the fault source would be 
between the two W-E segments dashed in red (its listric shape not considered).

With respect to Fig. 1, in Fig. 8 we have preserved only the southernmost source found in the 
literature and the northernmost one; the faults (in yellow) and the macroseismic epicentre are 
as in Fig. 1. Fig. 8 explains that the best  tting solution of Table 2 is positioned in the northern 
area of the instrumental sources and that its prolongation (hypothetical plane) would intersect the 
topographic surface in the zone of the fault segments Susans-Buia-M.te Bernadia and Susans-
Tricesimo (in yellow in Figs. 1 and 7). The seismicity reported by Peruzza et al. (2002) around 
the epicentre of Cipar could corroborate our solution.

Fig. 8 - The black rectangle is the projection of the best  tting solution (central values) of Table 2, column 3; given the 
inversion errors in the same table, the epicentre could fall within the light blue  eld (see the text). The large "X" in red, 
inside the black rectangle, indicates the possible extreme orientations of the line source considering the error of ± 10° 
of the strike angle. The southernmost (Galadini et al., 2005) and the northernmost (Cipar, 1980) sources found in the 
literature are also shown. The thick dashed black segment is the virtual intersection of the best  tting solution with the 
topographic surface. The northern and southern lines dashed in red are the extreme (virtual) intersections of the best 
 tting solution with the topographic surface, the epicentral and dip errors considered (see the text).
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The hypocentre of Zonno and Kind (1984) is almost 20 km SSW of that of Cipar (1980), but 
has no fault-plane solution and it is not clear why it is chosen by Burrato et al. (2008) to anchor 
the source “ITGG120 Gemona sud” [now “ITIS120” in DISS Working Group (2015)]. Perhaps 
it was chosen because it is close to the Susans-Tricesimo structure preferred by those authors. 
Incidentally, the attributions of earthquakes to faults by Burrato et al. (2008) appear to be mostly 
qualitative; we refer to their tectonically active band coinciding with the foothills from the Aviano 
Line, to the west, up to the eastern part of Fig. 8. According to them, all strong earthquakes of the 
catalogue would lie in this band and have thrust mechanisms. This interpretation does not seem 
exhaustive to us in the Alpine context.

Coming back to the inversion results shown in Table 2, the sinistral rake of our solution 
(71°±11°) for the plane dipping north is in reasonable agreement only with the values proposed 
by Galadini et al. (2005) (i.e. 75°) and Zollo et al. (1997) (i.e. 90°). The values of the rake of the 
other Alpine solutions, shown in Table 1, are dextral (from 101° to 123°).

The synthetic  eld of Fig. 5b simulates the observed intensities (Fig. 5a) worse than in other 
cases inverted so far (e.g. Gentile et al., 2004; Pettenati and Sirovich, 2007; Sirovich et al., 2013; 
Pettenati et al., 2017). However, the synthetic  eld shows some interesting features. First, it appears 
well balanced from I IX to IV. Secondly, Fig. 5b reproduces quite well the minimum of the VIII 
degree of Fig. 5a towards NW. In Fig. 5b there is also a minimum of radiation from VII to IV degree 
toward east, clearly conditioned by experimental minima VII to V in the same direction in Fig. 5a. 
Thirdly, the synthetic lobe of IX degree in Fig. 5b reaches the three isolated points of the IX degree 
west of Osoppo (see Fig. 5a). Towards east, instead, the synthesis of the IX degree is unsatisfactory.

Regarding the seismotectonics of the area, it is worthwile commenting that various authors 
mentioned in Table 1 chose anti-Alpine solutions. Instead, for many years now there are no doubts 
that the mainshock of 1976 had an Alpine mechanism. We are glad that the intensity-based KF-
NGA technique was able to grasp the Alpine solution. Unfortunately, the I data set used herein 
was made by data points evaluated by different teams using different scales. This brings biases 
into the observed I  eld and, in turn, changes its shape and brings noise in the whole inversion. 
On the other hand, the I data produced by only one team could be under- or over-estimated, but 
this would likely bias mostly the length of the inverted source, not its mechanism. Thus, the 
heterogeneous origin of the I data used herein could perhaps explain the large inversion errors in 
Table 2, which do not allow us to solve the seismotectonic uncertainties summarized in Figs. 2 
and 3 (in Table 2, we applied one standard deviation as the 68% probability errors).

7. Conclusions

The data set of the earthquake in question allowed us to test some advances made in treating 
macroseismic I data quantitatively; in particular we tested our KF-NGA technique.

We veri  ed that in the type of macroseismic data used in this paper (one I value per each 
inhabited centre) the site effects seem moderate, perhaps not higher than one degree. We have, 
however, highlighted that, even using this type of data, it was possible to show that the soft soils 
ampli  ed at great epicentral distances.

We, then, offer two principal results. First, using the 47 original I points produced by the 
Giorgetti-OGS Group (Giorgetti, 1976b) in Gemona, we clearly identi  ed a striking ampli  cation 
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effect (about three degrees) in the Gemona alluvial fan (Fig. 7). The ampli  cation increases with 
the topographic altitude, i.e. with the thickness of the alluvial fan sediments.

The second result regards the inversion. If the experiment had been conducted on data from a 
pre-instrumental earthquake, then the KF-NGA inversion would have allowed at least to: i) place 
the epicentre approximately in the correct area, and, above all, ii) to understand that the fault had 
been of Alpine type. In the light of the reference values known from instruments, the other source 
parameters obtained by our inversion are inaccurate, but not completely wrong. Probably, in the 
case of Friuli it would be necessary to scale the empirical point I data for moderate site effects, 
but no reliable technique is available for this.

Acknowledgments. Dario Slejko helped us  nd the correct epicentre in the contradictory presentation by 
Cipar (1980).
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6. Discussion and conclusion

Is the Susans-Tricesimo thrust the seismogenic 
source of the 6 May Friuli earthquake?
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 Y/M/D Io MW Epicentral area

 1700/07/28 VIII-IX 5.7 Gorto valley

 1788/10/20 VII-VIII 5.2 Tolmezzo

 1853/02/19 VII 5.1 Amaro

 1908/07/10 VII-VIII 5.3 Aupa valley

 1920/05/05 VI-VII 5.3 Moggio Udinese

 1924/05/12 VI 5.0 Ampezzo

 1924/12/12 VII 5.4 Tolmezzo-Degano valley

 1928/03/26 – 5.7 Aupa valley

 1928/03/27 VIII-IX 6.0 Verzegnis

 1956/11/05/ VI 5.1 But valley

 1959/04/26 VII-VIII 5.2 But valley

 1959/06/13 – 5.3 Ampezzo
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ABSTRACT  Although earthquake prediction remains an ultimate goal of seismology, up to now 
only a very few events have actually been forecasted, while for many of them wrong 
or doubtful predictions were given and even some misunderstandings were produced. 
After reporting a couple of examples on the subject, the paper focuses on an accurate 
revision of the seismological data of the 1976 seismic sequence in Friuli (north-
eastern Italy), as well as on the analysis of the space distribution of the earthquakes 
aiming at investigating if any clue of possible identi  cation of the epicentre of the 
main aftershocks was possible at that time or should be possible today. The  nal 
consideration is that, even with a good (or good enough) seismic monitoring, there 
was no clear evidence of epicentre migration towards the future location of the major 
events.

Key words: earthquake forecasting, foreshocks, 1969 Banja Luka earthquake, 1976 Friuli earthquake.

1. Introduction

It is often dif  cult to transmit properly the information about the evolution of a seismic 
sequence from scientists to the population and unintended consequences can sometimes occur. 
The reason is that the earthquake process remains, to a large degree, unexplained by science, 
while the communication media ask for certainness, possibly provided by sensational news. 
Thus, information based more on common sense than on poor statistics of past events are often 
sweetened in a "journalistic" fashion and remote possibilities are presented as certainties. Two 
examples are given of how the mere communication to the relevant authorities of the existence 
of a situation which is possibly critical, even if constantly evolving, with an outcome which is 
uncertain but subject to analysis, has had completely different consequences for the scientists 
who disseminated the declaration. The  rst example refers to the 1969 Banja Luka earthquake, 
in former Yugoslavia, which was followed by a stronger aftershock the day after. The second 
concerns the 1976 Friuli earthquake, in north-eastern Italy. In this case, the main shock was 
preceded a minute earlier by a smaller foreshock and also four strong events occurred four months 
later in the same epicentral area and an additional one 16 months after the mainshock.

This work mainly focuses on this second case because an accurate full revision of the 
seismological data and an analysis of the space distribution of the earthquakes have been 
performed. Its aim is to investigate if, with better data (the revised locations presented here), 

© 2018 – OGS

Bollettino di Geofi sica Teorica ed Applicata  Vol. 59, n. 4, pp. 481-504; December 2018

DOI 10.4430/bgta0244



Boll. Geof. Teor. Appl., 59, 481-504  Rebez et al. 

482

unavailable at the time of the earthquake, it would have been possible to forecast the occurrence 
and the location of the strongest aftershocks characterizing the seismic sequence.

2. Two case histories

Some interesting and common aspects relating the communication chain from the scientist 
to the population,  ltered by the authorities in charge, are described. A further peculiar aspect to 
underline is that the two earthquakes occurred in different countries, respectively, in the former 
Yugoslavia and Italy, but the approach to the phenomenon is very similar.

2.1. The 1969 Banja Luka earthquake
The city of Banja Luka (at that time in Yugoslavia, today in Bosnia and Herzegovina) was 

heavily damaged by two powerful earthquakes in October 1969 (Fig. 1). The  rst one was on 
Sunday 26 October at 4:36 p.m. (local time); its local magnitude (ML) was 6.1 and the maximum 
intensity VII-VIII (Grünthal et al., 2013) in the Mercalli - Cancani - Sieberg (MCS) scale. The 
earthquake caused a lot of damage to the town of Banja Luka and its surroundings, and more than 
20 people died under the collapsed buildings.

The strongest earthquakes in the sequence are listed in Table 1 (after Trkulja, 2009) and 
depicted in Fig. 2. Intensity estimates are in MCS scale, and the magnitudes are macroseismic 
(Trkulja, 2009).

Fig. 1 - Damage in Banja Luka 
caused by the 1969 earthquake.
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Table 1 - Seismic activity of Banja Luka area during the 1969 - 1970 sequence. The data are taken from the study of 
Banja Luka earthquakes by Drago Trkulja, former head of Banja Luka Seismological Observatory (Trkulja, 2009).

Date Time (GMT) Epicentre
° N      ° E Depth (km) I0 MCS ML

1969 10 26 15 36 43.8 44.90    17.25 15 VII - VIII 5.6
1969 10 27 02 55 30.7 44.95    17.00 10 VI - VII 4.8
1969 10 27 08 10 56.2 44.85    17.20 25 VIII - IX 5.6
1969 10 27 08 53 38.7 44.94    17.05 15 VI 4.7
1969 10 27 11 07 55.5 44.92    16.92 17 V 3.9
1969 11 03 16 45 46.1 44.78    17.25 12 IV 3.0
1969 11 04 03 24 44.9 44.75    17.33 10 V 3.0
1969 11 18 03 32 51.2 44.73    17.30 10 V 3.0
1969 12 31 13 18 30.1 44.88    17.22 18 VI - VII 5.3
1970 01 02 19 45 19.0 44.87    17.47 20 IV - V 4.1
1970 04 06 21 54 09.3 44.88    17.43 15 V 3.6
1970 04 06 21 56 14.2 44.90    17.33 10 IV 2.6
1970 04 07 03 17 10.5 44.70    17.33 7 IV 2.6
1970 04 25 11 07 28.6 44.75    17.25 8 VI 3.5
1970 10 20 13 45 56.9 44.80    17.20 15 V - VI 4.5
1970 10 20 20 19 23.9 44.80    17.30 8 VI - VII 4.6

Fig. 2 - Epicentres of 
the Banja Luka seismic 
sequence (data from 
Trkulja, 2009). The two 
stars show the main 
events of 26 (no. 1) and 
27 (no. 2) October.

Urban legend has it that in the morning of the following day there was a successful prediction 
of a forthcoming and even stronger earthquake, which saved many lives.

If we try to follow the situation with the help of the contemporary press, this is what 
happened: after the  rst shock, in the afternoon of 26 October, there were several aftershocks. 
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The seismologists of the time were analysing the records of their stations, changing the paper in 
their analogue instruments every few hours, in order to be able to have updated data. The records 
of the seismographs in Ljubljana were analysed by professor Vladimir Ribari , who at the time 
was the head of the Astronomical - Geophysical Observatory. Worried about the number and 
the magnitudes of the aftershocks, early in the morning on Monday 27 October he spoke on the 
phone with Mr. Guni , vice-president of the Banja Luka Assembly. Ribari  warned Guni  that it 
was possible that more earthquakes would follow, as the grounds needed to stabilize. Therefore, 
people should be careful and not stay inside the damaged buildings, which could have been 
shaken again. 

Only some hours after that conversation, on 9:10 a.m. (local time) on Monday 27 October, 
there was another powerful earthquake, stronger than the  rst one. Its ML was 6.4 and its maximum 
intensity is estimated to be VIII-IX MCS (Grünthal et al., 2013).

The media seized on the news of the conversation and spread it. In their interpretation, Ribari  
had made a forecast. His name was across the front pages of the Yugoslav newspapers (Fig. 3) 
and he became a kind of hero. 

However, from the very  rst day, Ribari  was keen to correct the mistake and kept explaining, 
in the media interviews that followed, that he was only speaking about commonly known 
things, as aftershocks are to be expected after a strong earthquake and some of them might have 
considerable size. 

In the interview published by the Slovenian newspaper Delo on 31 October 1969 (Fig. 3a), he 
said: “I was at home, when I was told that a strong earthquake had happened somewhere close. 
I immediately went to Golovec (the location of the seismological observatory). At 6 a.m. next 
day, I was called from Banja Luka. They wanted to know about the “habits” of earthquakes, was 
there anything to be afraid of etc. They didn’t call me because I were some super-seismologist 
and the rest of my colleagues were not important, but simply because they  rst called Sarajevo 
and then Zagreb, and no one was there to pick up the phone. It was too early and they found 
me (at the observatory) by chance. I told them (there was vice-president of the Banja Luka 
Assembly on the other side of the line) that weaker earthquakes usually follow a strong one, until 
everything calms down. As all the buildings are shaken and cracked, you do not need a strong 
earthquake for bricks to start falling down or for a collapse to happen. I, therefore, advised them 
to be careful. I heard that they had really warned people not to stay inside the buildings, so on 
Monday morning (in the time of the second catastrophic event) the majority of the inhabitants 
were in the streets and parks.”

Later, Ribari  laughed, when he read that he had “predicted” the catastrophe. “Unfortunately, 
I have no such abilities”, he said, “although I wouldn’t mind having them”.

 The epilogue of the proclamation of Ribari ’s “prophetic abilities” was not particularly 
pleasant for him. When he came to Banja Luka on Wednesday 2 October 1969, he noticed that 
Mr. Guni  was looked rather cross. Fortunately, they solved the problem quickly. Mr. Guni  had 
read in the newspapers that Ribari  “predicted the catastrophe”, although he remembered very 
well that they were mentioning only caution, as “you never know”. “Why didn’t he tell me about 
the catastrophe, if he really knew it was going to happen?”

In the archives of the Slovenian Environment Agency, there are letters and postcards, sent by 
citizens from all over Yugoslavia after the Banja Luka earthquake, thanking Ribari  for saving so 
many lives and congratulating him for his heroism.
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Fig. 3 - Facsimiles 
of newspaper articles 
reporting on Ribari ’s 
“prediction”: a) Delo, 
Ljubljana daily, 28 
October 1969, year 
XI, no. 296, page 2; b) 
Politika, Belgrade daily, 
30 October 1969, year 
LXVI, no. 20142, page 4.

2.2. The 1976 Friuli earthquake
The second example refers to the Friuli earthquake of 1976, the  rst seismic event in Italy 

to involve both the international scienti  c community and the state structures, and that would 
subsequently gave rise to the Civil Protection Service. In fact, the 1968 Belice earthquake in 

a

b
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western Sicily did not stimulate a huge scienti  c research (see e.g. Haas and Ayre, 1969; Monaco 
et al., 1996), especially as regards the seismological aspect; conversely to what the Friuli 
earthquake did (see Slejko, 2018). On 6 May 1976 at 9:00 p.m. (local time) an earthquake of ML 
6.4 struck central Friuli (Fig. 4) causing nearly 1,000 deaths [for a complete review of the event, 
see Carulli and Slejko (2005) and Slejko (2018)]. The earthquake was preceded a minute earlier 
by a quake of ML 4.5 that allowed at least some people to  nd shelter before the devastating 
tremor. No shocks in the affected area were recorded in the days before 6 May as the existing 
instrumentation in the seismological stations of Trieste and Ljubljana, located, respectively, at 70 
and 100 km from the epicentral area, did not enable the seismologists to detect low magnitude 
events in central Friuli. Various Italian and international scienti  c institutions (Istituto Nazionale 
di Geo  sica, Comitato Nazionale per l Energia Nucleare, Catania University, Vienna University, 
Munchen University) deployed temporary stations in Friuli and Carinthia soon after the main 
shock of May. In particular, a temporary seismic network, set up by the Institut de Physique du 

Fig. 4 - Damage caused 
by the Friuli earthquake 
(Briseghella et al., 1976): a) 
Gemona; b) Osoppo.

a

b
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Globe of Strasbourg (IPG), operated in the epicentral area since late May 1976, in order to monitor 
the evolution of the earthquake sequence. The number of shocks and their magnitudes gradually 
diminished in time and in August 1976 it seemed that the seismic sequence was over (Finetti 
et al., 1979). In early September, however, there was an upsurge in the number of earthquakes 
recorded by the Trieste station, with four strong events on 11 September (ML 5.4 and 5.6) and 15 
September 1976 (ML 5.9 and 6.1). These shocks caused more victims and damage in the same 
epicentral area of the May earthquake (Carulli and Slejko, 2005). 

On 26 September 1976, a further increase in the local seismicity was noted on the recordings of 
the IPG temporary network. Based on the previous experience (the increase of seismicity in early 
September which preceded the cited strong aftershocks of 11 and 15 September), professor Icilio 
Finetti, director of the Experimental Geophysical Observatory (OGS), the institution managing 
the seismological station of Trieste, issued a press release. The newspaper Il Messaggero Veneto 
reported on 27 September 1976: “Today the seismic activity shows a notable increment with 
respect to the previous days; as already mentioned, it is dif  cult to understand the correct meaning 
in terms of short term forecast. This increment of activity could perhaps predict a more powerful 
earthquake, without anyway reaching the destructive level of the previous events, but could also 
have no speci  c meaning”. The OGS press release was reported by all the media and was met 
with great apprehension among the population of Friuli but, fortunately, no strong earthquake 
occurred.

As reported by the newspaper Il Gazzettino of 28 September 1976, Mr. Giuseppe Zamberletti, 
then special commissioner for the Friuli earthquake, sent a telegram to Finetti stating: “The news 
spread by OGS about forecasts on the evolution of the seismic sequence have caused alarm 
and panic among the population and called people employed in the reconstruction away from 
the workplace. In order to avoid similar situations in the future, which greatly aggravated the 
circumstances in the areas already affected by the earthquake, I invite you, then, to ensure that 
any news about the seismic sequence should be provided to the media by the press of  ce of the 
government commissioner in the prefecture of Udine, with the approval of the commissioner 
himself”.

In truth, the OGS press release was not very informative; its meaning was: an increase in 
seismic activity is observed; as we are not able to give an accurate interpretation, it is better to be 
alert. Nevertheless, it caused concern among the people and the government institutions decided 
to control the dissemination of scienti  c information.

3. Earthquake precursors of the 1976 Friuli earthquake?

Two particular phenomena characterized the period before 6 May 1976: the occurrence, 
during the winter before the earthquake, of some low-magnitude earthquakes in the Latisana area 
(Fig. 5), close to the Adriatic coast and about 50 km away from the epicentre of the main shock, 
and the recording of low-frequency interferences by the Marussi pendulums, located in the Grotta 
Gigante cave near Trieste, never recorded before or thereafter (Fig. 6). Both Latisana earthquakes 
and noise on the pendulums in the Grotta Gigante were interpreted as precursory phenomena of 
the Friuli earthquake (Chiaruttini and Zadro, 1976; Finetti et al., 1979; Bonafede et al., 1982, 
1983), but they are still not fully understood.
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Fig. 5 - Map of the epicentres of the earthquakes in the period 1 January 1971 - 5 May 1976. The main shock of 6 May 
1976 is marked with white star. The red circle has a 20-km radius and highlights a NW-ward sector where some events 
occurred in the two years preceding the 6 May earthquake. Three of the four Latisana “foreshocks” can be seen along 
the Adriatic coast; no reliable location is available for the fourth. The number associated with the epicentres identi  es 
the date (year, month, and day; or only the year) of the event.

3.1. The Latisana “foreshocks” and the 1975 seismicity
In the period from November 1975 to February 1976, the Trieste seismological station 

recorded four earthquakes of low magnitude (ML between 2.5 and 3.5) located near Latisana, 
along the Adriatic coast. Latisana is in an area considered almost aseismic and situated about 50 
km away from the epicentre of the Friuli earthquakes (Fig. 5), not characterized by the presence of 
known faults (also at the current state of knowledge). Subsequent studies (e.g. Finetti et al., 1979) 
considered these earthquakes as possible precursors of the 6 May 1976 earthquake, even in the 
absence of tectonic structures connecting the two areas (Slejko et al., 1989). This interpretation 
was motivated by a slight asymmetric crustal undulation and the occurrence of the events was 
suggested as due to microfractures developing during an over-stress phase at the fold in the 
initial stage of a compressive deformation (Finetti et al., 1979). Only a few other earthquakes of 
low magnitude in the Latisana area have been recorded since then by the regional seismometric 
network, operating in Friuli since May 1977. 

On the other hand, during 1975, some earthquakes with magnitude between 3.5 and 4.0 have 
been recorded (Sandron et al., 2014) in an area of 20 km away (red circle in Fig. 5) from the future 
1976 main shock (white star). They are mainly located NW of the 6 May epicentre and quite 

Adriatic Sea
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close in space and time. Starting from the north, the  rst event is the Amaro ML 3.7 earthquake, 
which occurred on 9 December 1974. Then, on 24 March 1975, an ML 3.9 seismic event happened 
slightly north of Gemona. Three events occurred in rapid succession around the Cavazzo Lake in 
April 1975: 19 April, ML 3.6; 20 April, ML 3.3; and the biggest one with an ML of 4.0 on 23 April. 
Only a couple of events, with an ML less than 3, occurred until the end of the year: the  rst on 8 
June and the last on 25 December. No other events were recorded before 6 May 1976.

3.2. The Earth tide variations
Another phenomenon, possibly connected with the Friuli earthquakes, is represented by some 

anomalous oscillations recorded by the Trieste Earth tide station, located in the Grotta Gigante 
cave (Karst region around Trieste, about 70 km from the epicentre of the 6 May 1976 event). 
Regular oscillations with dominant period of several minutes, superimposed on the regular Earth 
tide cycle, were recorded by both components of the Marussi pendulum since 26 January 1973 
(Chiaruttini and Zadro, 1976). They were rare during 1973, appearing more frequently in the 
following years and ceasing abruptly with the 6 May 1976 main shock (Fig. 6). Only on 20 May 
1976, were weak disturbances again recorded, and ceased again after the second large shock of 
15 September 1976. Similar oscillations did not occur in the following years (Carla Braitenberg, 
personal communication). Both creep and dilatancy phenomena were proposed initially as 
possible explanations (Chiaruttini and Zadro, 1976), while a kind of slow slippage at depth (silent 
earthquakes) was suggested by further studies as the source of the observed oscillations (Bonafede 
et al., 1982, 1983). No further studies on the 1976 anomalous oscillations at the Trieste Earth Tide 
station have been undertaken since then.

4. Seismic pattern during the 1976 sequence

Although it is very likely that a  nal solution on the two mysterious “earthquake precursors” 
cited previously will be never discovered, it is interesting to investigate if the 1976 seismological 

Fig. 6 - Transients recorded by the two 
horizontal components of the Marussi 
pendulum located in the Grotta Gigante 
cave near Trieste (after Chiaruttini and 
Zadro, 1976). The noise disappeared after 
the shock of 6 May 1976 (main shock in 
the  gure). Parallel lines correspond to 
hours.
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data would have forecasted something using the present knowledge. The improved knowledge 
consists in the availability of different seismological data sets nowadays with respect to that of 
1976.

The seismological data set available at the time of the 1976 earthquakes consisted of the 446 
earthquakes with epicentre locations of the Trieste station (Colautti et al., 1976; OGS, 1978), 395 
of which also had a magnitude estimate, referring to the period 6 May 1976 to 5 May 1977. These 
locations and magnitudes were computed based on the seismograms recorded by the instruments 
of the Trieste World Wide Standardized Seismographic station: three components of the Benioff 
short period seismograph, three components of the Ewing-Press long-period seismograph, and 
two horizontal components of the Wood-Anderson torsion seismograph. In practice, distance and 
azimuth were calculated and reported on a map of Italy, in order to identify the epicentral area 
(therefore a very low accuracy of the location). Some events were also checked with the phase 
readings of the Ljubljana station. During the summer of 1976, a computer program was written 
in FORTRAN language and the distance and azimuth estimates were translated into geographical 
coordinates (Colautti et al., 1976; OGS, 1978). Some temporary networks were deployed during 
the seismic sequence (see Slejko, 2018), but operated only for short time periods.

On 6 May 1977, the  rst three stations of the Friuli seismometric network started recording, 
which enabled producing better quality locations. In fact, a continuous recording was established 
and the seismic signals were sent to the central station in Udine, where they were recorded on 
magnetic tapes. The event detection was based on a visual inspection on an oscilloscope of the 
continuous recording and the detected events were printed on paper for the seismogram analysis. 
The epicentre location was performed initially by the EPIC (Bolt and Turcotte, 1964) and later 
by the Hypo71 (Lee and Lahr, 1975) computer codes. In December 1977, seven seismometric 
stations of the OGS network were operating in central Friuli. 

To date, all available seismological data concerning the Friuli seismic sequence, from 6 May 
1976 to 31 December 1977, have been collected and new locations have been computed.

4.1. The 1976-1977 epicentre locations
In the following decades, all available seismological data regarding the 1976 sequence have been 

collected and new elaborations have been performed (Renner, 1995; Poli et al., 2002). On occasion of 
the 40th anniversary of the main shock, a new elaboration has been planned, aiming at  xing ultimately 
the space-time evolution of the sequence and the work is documented in this paper. More precisely, 
all phase readings from original seismograms and bulletins of public and private, permanent and 
temporary stations within a 250-km epicentral distance have been collected and integrated with the 
data reported in the website of the International Seismological Centre (ISC). The Hypo71 software 
(Lee and Lahr, 1975) has been used because the time accuracy and the space distribution of the stations 
(presence of stations in the epicentral area) do not require a more sophisticated location algorithm 
[e.g. the local source tomography used to determine 3D velocity images and earthquake locations 
also for the Friuli area (Amato et al., 1990)]. Several crustal models have been considered; in the end, 
that of the European Mediterranean Seismological Centre Working Group on the Friuli Earthquakes 
(1976) has been selected, since it produced the most reasonable depth estimation, according to the 
tectonic information available, and the smallest statistical errors on the location. Several maximum 
epicentral distances have been tested as well, showing that the 250-km maximum distance over which 
the stations are not considered in the location gives the best performance.
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We have collected the data for 2061 earthquakes in the period from 6 May 1976 to 31 December 
1977 (all locations are available in the electronic supplement). The data set was restricted to the 
area delimited by the corner coordinates 46.0°N, 12.8°E - 46.5°N, 13.5°E, which corresponds to 
the epicentral area in central Friuli of almost the total events of the sequence begun on 6 May. 
Locations with standard errors less than 1.0 s, 10 km, and 100 km, respectively for the origin 
time, the epicentre, and the focal depth were considered acceptable. Using these criteria, we 
obtained a set of 1971 locations that have been used for the following investigations. The majority 
of these events (1242 in the period 6 May 1976 to 5 May 1977) also have a duration magnitude 
(MD) estimate, recomputed according to Rebez and Renner (1991). There are 429 events with a 
magnitude value that are both in the original (OGS, 1978) set and in new set of locations; these 
earthquakes have been used for the following comparisons between the two data sets.

Fig. 7 shows the main parameters identifying the quality of the obtained locations. The plots 
refer to the main bulk of the parameter estimates and, consequently, a few values have been 
omitted in the plots (the number of the missing data is reported in the  gure caption). It can be 
seen that almost all locations are con  ned to the upper 16 km of crust (Fig. 7a) with a mean 
value of 7.4 km. The number of phase readings (mean value 18) has increased from 6 May 
1976 to 5 May 1977 (no. 1242 in Fig. 7b) and decreased notably after that date, mainly because 
of the presence of the OGS stations of the Friuli network in and around the epicentral area, 
that guarantees good locations also for weak events, without the need for additional temporary 
stations. With the exception of the very few days when stations at a long distance also recorded 
the (strong) Friuli earthquakes, and in case of other strong events (Fig. 7c), the stations used for 
the hypocentre location are those of the near  eld (distance less than 20 km): the mean minimum 
distance for the whole period is 9.6 km. The azimuthal coverage was quite good during the  rst 
year (Fig. 7d); later, it became worse because of the presence of local stations (see Fig. 7b), that 
reduced the need for a large number of stations: the mean gap for the whole period is 142°. The 
error in the origin time is acceptable (mean value 0.23 s) over the whole data set (Fig. 7e), with a 
slight improvement with the deployment of the stations of the Friuli network on 6 May 1977. The 
error in the epicentre location (mean value 0.9 km) is generally less than 1.5 km (Fig. 7f) and it 
worsens after 6 May 1977. The error in the focal depth (mean value 2.2 km) is generally limited 
to less than 4 km, with a few events with a very large error, not reported in Fig. 7g.

With respect to the 479 locations of Poli et al. (2002), this improved data set of locations 
(1971 hypocentres) shows slightly lower standard errors of origin time and epicentre, while the 
error on the focal depth is slightly higher.

Concerning the magnitude, Fig. 8 shows the Gutenberg – Richter graph of the complete data 
set of events with estimated ML magnitude. It can be seen that there is no completeness for quakes 
smaller than 2.8 and an evident shift from the linear trend for events with an ML between 4.9 and 
5.2, indicating a surplus of events in these classes. The interpolation according to the maximum 
likelihood approach gives a b-value of 0.93 (red line in Fig. 8), while that according to the least 
squares [mathematically not suitable for dependent data, see Slejko et al. (2008)] gives a b-value 
of 0.69 (blue line in Fig. 8).

The new location of the main shock of 6 May (see Slejko, 2018) practically coincides with that 
of Poli et al. (2002) and is quite close to several others (see Fig. 9), in a sector of the pre-Alpine 
foothills where there are no major towns or villages. This fact, perhaps, justi  es the different 
locations (Giorgetti, 1976; Rovida et al., 2016) of the macroseismic epicentre, in an area populated 
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Earthquake number

Fig. 7 - Statistics on the 1971 new locations with the 
progressive earthquake number (indication of the time 
occurrence of the event) on the x-axis: a) depth (mean = 
7.4 +/-3.6 km; 28 out); b) number of phases (mean = 18 
+/-10; 4 out); c) minimum distance (mean = 9.6 +/-7.9 
km; 34 out); d) gap (mean = 142 +/-73°; 0 out); e) error 
in the origin time (mean = 0.21 +/-0.11 s; 22 out); f) 
error in the epicentre (mean = 0.9 +/-0.6 km; 15 out); g) 
error in the focal depth (mean = 2.2 +/-4.9 km; 66 out). 
Out indicates the number of events not reported in the 
picture. The blue line represents the ranked series (the 
minimum value is associated with the  rst event and the 
maximum with the last event).
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Fig. 8 - Gutenberg - Richter graph for the seismic sequence in Friuli from 6 May 1976 to 31 December 1977. The red 
line indicates the maximum likelihood  t while the blue line shows the least squares (matematically not suitable)  t. 
The black solid dots are the seismicity rates.
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Fig. 9 - Epicentres of the main shock of 6 May 1976 according to different authors. Legend: 1 = hypocentral determination 
by the Centre Seismologique Europeo-Mediterraneen (CSEM), 2 = http://earthquake.usgs.gov, 3 = www.isc.ac.uk, 4 
= Cagnetti and Pasquale (1979), 5 = Cipar (1980), 6 = Barbano et al. (1985), 7 = Engdhal et al. (1998), 8 = Aoudia et 
al. (2000), 9 = Pondrelli et al. (2001), 10 = Engdahl and Villaseñor (2002), 11 = Poli et al. (2002), 12 = Slejko (2018). 
The solid magenta dots show alternative solutions obtained with different crustal models and parameters. The two black 
stars indicate macroseismic epicentres: 13 = Giorgetti (1976), 14 = Rovida et al. (2016). Two areas remain broadly 
identi  ed: the foothills of the Julian Alps east of Gemona (nos. 4, 6, 8, 11, 12) and the Val Resia NE of Venzone (nos. 
2, 3, 7, 9, 10). Only two locations (nos. 1 and 5) placed the epicentre in the Musi Mountains area (from Slejko, 2018).
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by the three towns of Gemona, Trasaghis, and Osoppo. The southern position of this new location 
with respect to some others (e.g. Enghdal and Villaseñor, 2002; Pondrelli et al., 2001), could be 
motivated by new data referring to local stations, used before only in part by Poli et al. (2002).

4.2. The different picture of the 1976-1977 seismicity
As cited before, the events of the Friuli sequence were originally located (Colautti et al., 

1976; OGS, 1978) using the data of the Trieste seismological station (distance and azimuth): 
this procedure implies possible large epicentral errors and arti  cial alignments (Fig. 10a). The 
map with the re-localizations of the same 429 events done in this study (Fig. 10b) shows a more 
diffuse pattern. To better highlight the difference in the two data sets, a further elaboration has 
been produced, subdividing the study region into 2.5 km wide square cells where the number of 
events is counted (top panels in Fig. 11) and the total energy release is computed (bottom panels 
in Fig. 11). It can be seen that the bulk of seismicity remains more clustered in the re-elaborated 
locations and a NW-SE elongation appears for the main energy release (Fig. 11e).

Aiming at analysing the kind of error associated to the original locations (accepting that 
the revised ones are error free), the difference in distance and azimuth between the two sets of 
solutions has been explored (Fig. 12). Considering the difference in distance (absolute value) 
with respect to the location of the Trieste station, it is possible to see that the 50th percentile 
refers to a value of 12 km and 90% of the locations have less than a 20 km difference (Fig. 12a). 
In detail (Fig. 12b), it can be noted that the distance calculated originally is generally larger 
than the re-calculated one: the modal value is 6-8 km. Considering the differences in azimuth, 
calculated with respect to the Trieste station, a bimodal distribution, with the highest peak at 
8°, can be seen: this means that the original locations are slightly shifted eastwards (Fig. 12c). 
Finally, a cumulative analysis for distance and azimuth is reported in Fig. 12d, where the re-
locations are shown with respect to the original ones, placed at the centre. Although the new 
locations fall within all the four quadrants, the majority of them refer to a shift within 20 km in 
the E/ENE direction.

The signi  cance of the analysis described here lies in a possible answer to the question 
whether the seismological data available at the time of the 1976 sequence were or were not 
suitable to identify a hypothetical anomalous pattern before the strongest events of the sequence 
itself. The amount of error associated to those locations (compare Figs. 6a and 6b), accepting that 
the new ones are suf  ciently precise (still to be demonstrated), marks them as affected by large 
uncertainties and, consequently, hardly suitable to identify modest space variations.

5. Searching for a forecasting clue

As mentioned in the introduction, the aim of this paper is also to investigate if some clues in 
the seismological data set could have pointed to the occurrence of a strong forthcoming event. 
Only the space evolution in time of the epicentres is considered here, while a complete analysis 
should also investigate other seismological and geophysical parameters.

In this study, three periods have been investigated: before the main shock of 6 May 1976; 
before the strong aftershocks of 11 and 15 September 1976; and before the last strong aftershock 
of 16 September 1977.
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Fig. 10 - Space distribution of the events of the Friuli seismic sequence: a) original locations (OGS, 1978) for the period 
6 May 1976 – 5 May 1977; b) re-locations of the same events. c) re-locations of all events of the period from 6 May 
1976 to 31 December 31, 1977. The stars indicate the event of 6 May 1976 (no. 1) and the main event of 15 September 
1976 (no. 2). 

a

b
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Fig. 10 - continued.

Fig. 11 - Comparison between the original (OGS, 1978) and revised locations for the period 6 May 1976 – 5 May 1977 
in terms of cumulative number of events (top panel) and total energy release (bottom panel): a and d) original (OGS, 
1978) 429 events common to both data sets; b and e) re-locations of the 429 common events; c and f) re-locations of 
the whole data set of the present work (6 May 1976 to 31 December 1977).

c
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5.1. Before the 6 May 1976 earthquake
This period is the most problematic to investigate, as the data from permanent stations are the 

only available ones (see Santulin et al., 2018). Fig. 13 shows the space and time distribution of the 
earthquakes which occurred in a broader region around the 6 May 1976 epicentre (the area shown 
in Fig. 5), for the period from January 1971 to 5 May 1976. It can be seen that the seismicity was 
stronger in 1975 than before (Fig. 13b); and, since 1974, the activity affected areas quite close 
(distances less than 20 km) to the future epicentre of the earthquake of 6 May (Fig. 13a). These 
last events are also illustrated in Fig. 5, where it can be observed that almost all of them occurred 

Fig. 12 - Comparison between the original locations (OGS, 1978) and the present re-locations for the earthquakes in the 
time period 6 May 1976 to 5 May 1977: a) statistical distribution of the distance (km) between the original localization 
and the re-locations; b) distribution in bin classes of the difference in distances (original distance from the Trieste 
station minus new distance from the Trieste station); c) differences in azimuth between the new re-locations and the 
original ones with respect to the Trieste station (original azimuth from the Trieste station minus new azimuth from the 
Trieste station); d) distance and azimuth polar plot of the re-locations with respect to the original ones, placed at the 
centre of the plot. 
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Fig. 13 - Time evolution of the seismicity in Friuli and adjacent areas from 1 January 1971 to 5 May 1976: magnitude 
(top panel) and distance from the epicentre of the 6 May main shock (bottom panel). 
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NW of the 6 May epicentre. As noted, only three of the four quakes around Latisana (labelled in 
light blue in Fig. 13b) in the winter 1975 – 1976 are reported in Fig. 5, because it was not possible 
to locate the forth one with the available station readings (the only estimate of the location is 
based on the distance and azimuth of the Trieste station).

No clear evidence can be found, then, on the incoming 6 May earthquake based on the available 
seismological data.

5.2. Before the September 1976 strong aftershocks
After the almost aseismic period of July and August 1976, an increase in seismicity occurred 

at the beginning of September (Fig. 14a), followed by the seismic crisis characterised by two 
strong aftershocks on 11 (ML 5.2 and 5.6) and a further two on 15 September (ML 5.8 and 6.1), 
together with several low magnitude events in between and after. This behaviour is highlighted by 
the change in the slope of the graph of the cumulative number of events in Fig. 14.

Additional information is provided by the maps in Fig. 15, where the total released energy is 
reported for different time periods. The activity in July, August, and September before the two 

Fig. 14 - Evolution of the seismicity in Friuli during the whole seismic sequence (top from 1 January 1976 to 31 
December 1977) and during the aftershock sequence of September 1976 (bottom from 1 September to 31 October 
1976: enlargement of the upper plot. The bars indicate the magnitude of the events, the solid blue line the cumulative 
number of events. An increase of the slope of the curve of the total number of events can be seen at the beginning of 
September 1976, and more sharply during the crisis of 11 and 15 September 1976.



Boll. Geof. Teor. Appl., 59, 481-504  Rebez et al. 

500

Fig. 15 - Release of energy preceding the strong 
aftershocks of September 1976 and September 1977: a) 
July 1976; b) August 1976; c) 1 – 11 September 1976 
(before the earthquake at 16:31); d) 11 September (after 
the event at 16:35) to 15 September 1976 (before the 
event at 03:15); e) January – March 1977; f) April – June 
1977; g) July to 16 September 1977 (before the event at 
23:48). The green stars in panel a, b, and c indicate the 
two strong aftershocks of 11 September 1976 at 16:31 
(ML 5.2) and 16:35 (ML 5.4). The red stars in panel d 
indicate the two strong aftershocks of 15 September 
1976 at 3:15 (ML 5.2) and 9:21 (ML 5.4). The blue star 
in panel e, f, and g indicates the strong aftershock of 16 
September 1977 at 23:48 (ML 5.2).
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shocks of the 11th is reported in Figs. 15a, 15b, and 15c, respectively. The two green stars indicate 
the two events of 11 September. No evidence of clustering of energy release can be seen and the 
activity remains distributed in a wide area around the epicentre of 6 May. Fig. 15d shows the 
energy release after the two events of 11 September and before the other two of 15 September. In 
this case, a clear concentration of released energy can be seen very close to the epicentres of the 
two quakes of 15 September, indicated by the two red stars.

This space behaviour has been investigated by a suite of further plots, where the variations in 
latitude, longitude, and distance is displayed (Fig. 16). None of the plots in latitude (Figs. 16a, 16b, 
16c), in longitude (Fig. 16d, 16e, 16f), and in distance from the ML 6.1 15 September aftershock 
(Fig. 16g), show a tendency for the epicentres to converge towards the location of the 11 September 
events. Conversely, the plots referring to mid-September (Figs. 16b, 16e) show an evident migration 
of the seismicity towards the epicentres of 15 September, which are close to each other.

Fig. 16 - Space evolution of the Friuli sequence in latitude (a, b, c), longitude (d, e, f), and distance (g, h, i) from 1 July 
to 16 September 1976 (a, d, g), from 11 to 16 September 1976 (b, e, h: enlargement of the previous panels), from 1 July 
to 17 September 1977 (c, f, i). The red dots identify the four strong events of September 1976 (ML 5.2 and 5.4 on 11 and 
5.8 and 6.1 on 15) and that of September 1977 (ML 5.2).
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5.3. Before the September 1977 strong aftershock
The following considerations on the 1977 seismicity are based on the data recorded by the OGS 

seismometric network of Friuli, which consisted of 7 stations at the beginning of September 1977. 
It is not actually clear if the event of 16 September 1977 with an ML 5.2 can be considered an 

aftershock of the 6 May 1976 earthquake or not; nevertheless, as we are only interested in a possible 
migration of the seismicity towards the new epicentre, we have included it in the aftershock sequence.

Figs. 15e, 15f, and 15g refer to the ML 5.2 earthquake of 16 September 1977, respectively 
for the  rst three months of 1977, the second ones, and September before the strong aftershock. 
A weak indication of westward epicentre migration can be noted, especially in the activity in the days 
before the event but, in general, seismicity continued to involve the entire epicentral area of the sequence.

More problematic, instead, is the interpretation of the plots showing the behaviour in latitude 
(Fig. 16c), longitude (Fig. 16f), and distance from the 16 September 1977 event (Fig. 16i) because, 
although the epicentres are spread over large distances, a certain tendency of moving towards the 
epicentre of the ML 5.2 event appears.

6. Conclusions 

We could say that two rather similar communications on the evolution of a seismic sequence 
led to opposite results: the director of the Ljubljana Observatory became a hero for the media for 
having "forecasted" an earthquake, while the director of the Trieste Observatory was reprimanded 
by the governmental authorities for a false alarm. The seismic sequence of L’Aquila, with the 
following trial for the members of the national seismic committee managing great risks, is an even 
more evident example of the dif  culties of the scienti  c institutions in communicating properly. 
As this event was already extensively described in the literature (e.g. Alexander, 2014; Cocco et 
al., 2015; Stucchi et al., 2016) it is not considered here. 

A question arises: is there any further scienti  c aspect of the seismic process that scientists 
should consider before disseminating information? Again, the example of the Friuli earthquake 
could help answer this question. In fact, the equipment operating at that time highlighted two 
particular aspects, which were studied later but without de  nitive results.

Looking for any clues indicating a possible earthquake arrival, we have analysed the seismicity 
recorded before the 6 May 1976 main shock and the following long seismic sequence based on 
a data set of re-located events, aiming at identifying any possible space migration of seismicity 
towards the location of the incoming earthquake. Only in the case of the events that followed the two 
strong aftershocks of 11 September 1976 and preceded those even stronger ones of 15 September, 
can a tendency of grouping towards the location of the incoming quakes be tentatively proposed.

The example of the Friuli earthquake sequence does not support the possibility of any forecast 
based on precursor seismological signals. The increment of local seismicity should be considered 
with attention, although it was not a robust piece of evidence in the case of the 1976 sequence. 
The collection of seismological data was not detailed at the time when the Banja Luka earthquake 
occurred and, consequently, no analyses are available about a possible peculiar pattern of the 
seismicity. It is important to remember that the only positive (and useful) seismic prediction refers 
to the magnitude 7.3 earthquake that struck Haicheng in China in 1975. Although other anomalous 
phenomena that occurred in months previous to the earthquake were identi  ed later, the prediction 
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was based on the observation of a noticeable increase of the local seismicity, both in terms of 
number of events and magnitude, on the day immediately preceding the disastrous earthquake.

This observation motivated a seismic alarm and evacuation of the area subsequently affected by 
the disastrous earthquake [for a complete review of the Haicheng alarm, see Wang et al. (2006)]. 

At the present stage, earthquake generation still remains a mysterious process and, although 
new science produces continuous and important improvements in the knowledge of seismicity, the 
optimism of the 1970s, when earthquake prediction seemed a feasible result in a couple of decades, 
has faded away. Moreover, a wrong alarm, which is a very frequent situation, can cause more damage 
than the actual occurrence of an earthquake, if of small magnitude. On the other hand, a correct alarm 
can save many human lives, and this must be the main goal of research. The wish of the people to be 
properly informed about a possible incoming danger is, then, well motivated, but this is extremely 
dif  cult for the scientists, who currently can have only a vague idea of an incoming earthquake. 
The two reported examples illustrate well the puzzling dilemma that seismologists have to face.

It is obvious, then, that the right way to reduce seismic risk is to construct and retro  t buildings 
according to the building code, the only ef  cient procedure available nowadays.

Supplementary material related to this article, i.e. the earthquake locations for the sequence 
1976-1977, is available online at the BGTA website www3.inogs.it/bgta.
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ABSTRACT  After the 6 May, 1976 earthquake in Friuli Venezia Giulia (north-eastern Italy), about 

85,000 buildings in the affected area were investigated through damage-assessment 
forms. Researchers of University of Udine collected and re-organized these data, and 
created the FrED (Friuli Earthquake Damage) database. As a result, more than 45,000 
buildings with complete information were geo-localized. This enabled carrying out 
a posteriori studies to characterize both the vulnerability of different typologies of 
buildings and the effects of the geomorphology on the site seismic response. This paper, 
after a brief overview on the 1976 earthquakes in Friuli and on the FrED database, 
summarises the main results of these studies. In particular, the paper compares the 
results of a statistical analysis of the FrED information at regional scale, with the 
results obtained, at local scale, through geophysical investigations. The geophysical 
outcomes highlight that in some scenarios the local seismic response is in  uenced by 
local conditions that cannot be recognized from the analysis of FrED at regional scale. 
Nevertheless, the results of the study provide a preliminary informative warning on the 
potential ampli  cation factors of the geomorphological regions. These results can be 
used for in-depth studies for quantifying the ampli  cation factors at local scale.

Key words: earthquake, Friuli 1976, damage, vulnerability, site effects, Probit.

1. The 1976 Friuli earthquakes

The 1976 earthquakes in Friuli (north-eastern Italy) caused severe damage to a large portion 
of the territory: the devastated area covered about 1,800 km2 and over one hundred villages were 
almost destroyed, mainly in the province of Udine, causing 989 deaths (Carulli and Slejko, 2005). 
The Friuli 1976 seismic sequence started on 6 May, with a ML = 6.4 earthquake, and continued 
again on 11 and 15 September, when four main-shocks with magnitude ML = 5.5, 5.8, 6.1 and 6.0 
occurred in rapid succession (Luzi et al., 2017; Slejko, 2018).

Right after the May 1976 earthquakes, a regional law (RL 17/76 - Friuli Venezia Giulia Region) 
was issued for the inspection of the buildings in the affected area. About 85,000 inspections were 
carried out on buildings in Friuli, in order to de  ne the number of dwellings not usable after the 
earthquake and to estimate the cost of retro  tting. Additionally, the regional law recommended 
some intervention techniques for the retro  tting of damaged buildings.
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The September sequence of earthquakes had a demoralizing effect on Friuli inhabitants 
(Carbonetto, 2018); at the same time, these shocks revealed the inadequacy of the recovery 
interventions made after the  rst shock together with the de  ciencies in preparedness from both 
technical and management perspectives. However, acknowledging these critical issues forced 
administrators, scientists, and technicians to deepen their knowledge and rede  ne the strategies to 
cope with the emergency. The supervision of the reconstruction then produced very good results, 
concerning both the interventions on buildings and the overall management of the situation. 
On a positive note, the disaster prompted the input of considerable investements, as well as the 
modernisation and the re-launching of the industrial sector, resulting in increased job opportunities 
(Geipel, 1980). As result, the entire Friuli region experienced new dynamic trends and accelerated 
the economic development of the area (Cattarinussi et al., 1981). Thus, the Friuli reconstruction 
became a successful example in the international panorama and a source of pride for the Friulian 
people. In 1978, the University of Udine was set up as part of the reconstruction policies. Since 
then, the 1976 Friuli earthquake has become a central research focus of many researchers of that 
University; among them, a posteriori studies were carried out on the post-earthquake assessment 
forms of RL 17/76.

2. The post-earthquake assessment reports

On 7 June, 1976 the legislative council of the Friuli Venezia Giulia Region enacted law No. 
17, aimed at both identifying usable buildings and restoring damaged ones. Overall, 416 teams of 
engineers and architects were assigned the task of compiling a speci  c form (on paper) for each 
investigated building in the entire shaken area. The compilation of damage forms represented an 
innovative approach for the management of the earthquake emergency, with no precedent cases 
in Italian history. This survey lasted three years and 84,780 forms were collected. Each form 
includes  ve different sheets that cover all the necessary information needed to pursue the aims 
of the law:
• Sheet 1: this sheet, structured in four sections, contains the general characteristics of the 

building. Information about the location, address, number of  oors, number of sides in common 
with other buildings, presence of a basement and/or a loft, cellar, number of lodgings, age, 
presence of outhouses or productive activities are provided. The damage is brie  y described 
as follows: destroyed (D), not repairable (NR), partially repairable (PR), totally repairable 
(TR) (with the distinction between “with structural work” and “without structural work”). The 
sheet also reports the estimated restoration cost for each  at, multiple dwelling, outhouse or 
productive activity with, possibly, notes regarding the restoration;

• Sheet 2: this sheet enables acquiring information about the building depending on its typology; 
it is divided into 4 sections. The  rst section refers to lived-in houses and includes the number 
of rooms used, if the house is for rent or not, etc. The second section relates to rural buildings 
eventually annexed to the house and their volume. The third section provides the same 
information as the second section but concerning commercial activities. In the fourth, some 
information with respect to the owner is provided;
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• Sheet 3: this sheet provides an estimate of the building’s volume and the repair costs; there 
are three distinct sections. In the  rst section, the volume is associated to each typology of 
use (civil or rural dwelling, outhouses, and productive activities). In the second section, a 
summary evaluation of the building before the earthquake based on unitary values according 
to the typology and the state of preservation is given. The third and fourth sections allow 
calculating the total amount of restoration costs based on the unitary values of sheet 4 de  ned 
by the regional authority;

• Sheet 4: this sheet is divided into two parts: 4-A and 4-B. The  rst is used mainly for civil 
or rural dwellings, while the second for outhouses and productive activities. It contains an 
outline used to determine the unitary amount of restoration work; the calculation is organized 
by structural elements and by typology,  rst quantifying the percentage of its composition 
compared to the total building and then evaluating what amount of these elements needs total 
or partial restoration. The unitary cost for each element was determined a priori;

• Sheet 5: this sheet is simply a blank sheet for technicians to make notes and proposals about 
technical methods for restoration.

The collected data were used as a fundamental decision-making support to de  ne strategies, 
both for inhabitant assistance and for reconstruction.

This huge amount of data has also been used as a “knowledge tank” for a posteriori studies.

3. The a posteriori studies based on the data of the damage assessment forms

At the end of the 1980s, the seismic group of research of the University of Udine began 
evaluating the lessons learnt from the Friuli earthquake experience from an a posteriori analysis 
of the data of the damage assessment forms. To this end, the researchers acquired and re-organized 
the data collected by technical investigations, which allowed developing statistical studies on the 
vulnerability of buildings and on the site effects. The main results of these studies are summarized 
hereafter.

3.1. Collection and organization of 1976 Friuli earthquake damage assessment forms
At the end of the 1990s, after collecting all the forms, a preliminary organization of the data 

was carried out to make the data ready to use. In particular, all the information of the forms of some 
villages in the epicentral area were loaded in an electronic database called FrED (Friuli Earthquake 
Damage). Thereafter, thanks to the new information and communication technologies, the original 
database was enlarged, adding all the data of the investigated buildings and, where possible, 
associating the geographic coordinates for each building. All the information was reorganized in a 
new version of the FrED database (Di Cecca and Grimaz, 2008). These last operations exploited 
the information for deeper studies and spatial analyses to a previously unthinkable degree of detail. 
The analysis of the entire database (84,780 compiled forms) allowed tracing the distribution of 
the compiled forms over time (from June 1976 to September 1979), distinguishing the assessed 
damage suffered by buildings (Fig. 1). However, the complete set of information on location, 
macroseismic intensity, construction typology and level of damage, were available only for about 
45,000 buildings in the area affected by the 1976 Friuli earthquakes (Fig. 2).
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Fig. 1 - Distribution of the FrED forms  lled from 7 June 1976 to 31 Decembre 1978. The colours indicate the assessed 
suffered damage.

Fig. 2 -  Distribution of the damage grades (left) and location of the buildings (right) of the 45,280 forms with information 
on location, macroseismic intensity, construction typology and level of damage in the FrED database.

3.2. A posteriori studies on seismic damage and vulnerability
A  rst use of the data collected in the forms of RL 17/76 aimed at improving knowledge 

on seismic vulnerability of masonry buildings. Studies on seismic vulnerability of buildings, 
mainly in historical centres, were carried out (Grimaz, 1992, 1993). Other studies were aimed at 
de  ning a Synthetic Damage Judgement scale (GSD damage index) in order to assign a damage 
grade from visual inspection or photographic information. Grimaz et al. (1996) developed an 



Studies on the damage to buildings caused by the 1976 Friuli earthquake Boll. Geof. Teor. Appl., 59, 505-526

 509

expert system for damage assessment of buildings in the seismic area based on functional criteria 
(using the GSD scale). The GSD scale allows researchers to relate the physical damage to indirect 
consequences: reparability, usability, and possibility of causing victims. This scale was related to 
the damage levels assigned during the inspections after the 6 May, 1976 Friuli earthquake and 
proved coherent with the successive classi  cation of seismic damage grades of the EMS98 scale 
(Grünthal, 1998; Grimaz, 2009a).

Other studies (Riuscetti et al., 1997) were speci  cally aimed at improving the fragility curves 
based on the GNDT (National Group for the Defence against Earthquakes) vulnerability index 
(Benedetti and Petrini, 1984). The index, used extensively in Italy, is based on vulnerability-
assessment forms including parameters that take into account the type and con  guration of the 
structural system and the quality of the construction and materials. A weighted sum of these 
parameters gives a vulnerability index, with values between 0 and 100 for masonry, and -25 
and 100 for reinforced concrete (higher values imply high vulnerability). The GNDT index was 
correlated with the seismic damage derived from the FrED database for three villages in Friuli 
in the most affected area: San Daniele, Tarcento, and Venzone (province of Udine). A calibration 
of the fragility curves for different vulnerability indexes was thus derived (Grimaz et al., 1996). 
These fragility curves were also used among others in European projects to elaborate seismic risk 
maps (Zonno et al., 2003) and prioritize actions of risk mitigation (Grant et al., 2007).

When the FrED database was completed, the information was used for investigating, through 
an a posteriori method, the seismic vulnerability at regional scale (Carniel et al., 2001). The 
studies permitted deriving the typological parameters able to de  ne different degrees of 
vulnerability. Firstly, the researchers compared the earthquake intensity, as computed on the basis 
of the judgements given in the forms, with the published isoseismal maps (Giorgetti, 1976). Then, 
they characterized twelve building typologies from the data available in the FrED and ISTAT 
(Italian Central Statistics Institute) census databases. Statistical analysis allows evaluating the 
differences in their seismic behaviour. From these comparisons, six statistically signi  cantly 
different classes were selected. Table 1 resumes the results, evidencing the correspondence 
between the six vulnerability classes and the different typologies derivable from the ISTAT and 
the FrED databases.

Thereafter, Grimaz (2009a), adopting a Probit analysis based on the FrED information, derived 
the seismic damage curves for different typologies of residential masonry buildings (Eq. 1, Table 2):

YPr Gn = a + b Log  = a + b MSD   (1)
 

P% YPr Gn = 50 1 +
YPr Gn-5

YPr Gn-5
erf

YPr Gn-5

2
    (2)

MSD = 2.10 + 4.35 log a max   (3)

where amax is in g×100 and the validity is 2.5 MSD 8.5 (Slejko et al., 2008) and

MSD = 10.09 + 2.86 log v max   (4)

where vmax is in m/s and the validity is 4.5 MSD 9.0 (Faccioli and Cauzzi, 2006).
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Building characteristics
Vulnerability typology

Material Construction period Structural context Floors

M
as

on
ry

St
on

e

< 1920 Detached building or 
non detached building <5 T1

1920-1950 Detached building or 
non detached building

3-5
<5 T2

1920-1950 Detached building 1-2 T3

St
on

e/
br

ic
ks

>1950 Detached building or 
non detached building 3-5 T4

>1950 Non detached building 1-2 T5

>1950 Detached building 1-2 T6

Table 1 - Vulnerability typologies with statistically different outcomes derived from the FrED database.

Table 2 - Coef  cients of Probit equations derived for the six vulnerability typologies and for each threshold level of 
damage (modi  ed from Grimaz, 2009a).

Damage range
FrED: TR-D
EMS-98: G3

IGSD 30

FrED: PR-D
EMS-98: G4

IGSD 50

FrED: NR-D
EMS-98: G5

IGSD 70

FrED: D
EMS-98: G5*

IGSD 90

Vu
ln

er
ab

ili
ty

 ty
po

lo
gy T1 a=2.82; b=0.40 a=-1.68; b=0.71 a=-1.73; b=0.67 a=-0.65; b=0.42

T2 a=3.09; b=0.33 a=-2.28; b=0.73 a=-2.35; b=0.69 a=-1.06; b=0.44

T3 a=3.48; b=0.26 a=-1.79; b=0.66 a=-1.20; b=0.54 a=-0.24; b=0.34

T4 a=2.45; b=0.33 a=-2.57; b=0.70 a=-2.02; b=0.60 a=-0.01; b=0.30

T5 a=2.83; b=0.25 a=-0.97; b=0.47 a=-0.58; b=0.39 a=0.58; b=0.20

T6 a=4.14; b=0.06 a=-0.45; b=0.40 a=0.11; b=0.34 a=1.17; b=0.12

Correspondence among FrED damage, 
EMS98 damage grade and GSD Index 

FrED TR PR NR D 
EMS98 G3 G4 G5 (G5*) 

IGSD  | | | | 
 30 50 70 90 

   

Correspondence and relationships among metametric seismic dose 
(MSD=Log V) and macroseismic intensity grade (IMSK), amax and vmax 

MSD 6.5 7 7.5 8 8.5 9 10 
IMSK VI-VII VII VII-VIII VIII VIII-IX IX X 
 

Validity: 6.5  MSD  10. In grey, the equations with R2 < 0.7 
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Probit is a statistical technique used widely in the  eld of risk assessment of major accidents 
and toxicology for deriving experimental relationships that are useful to predict the accident’s 
consequences. In his work, Grimaz (2009a) proposed a combined use of these curves with the 
EMS98 and GSD scales of seismic damage. Eq. 1, considering the coef  cients derived for the six 
vulnerability typologies (Table 2), allows calculating the Probit value (YPr Gn) for different actions 
(expressed in terms of metametric seismic dose - MSD value). The MSD value can be de  ned both 
using an association with the macroseismic intensity grade (IMSK), and through relationships with 
the peak ground acceleration (or peak ground velocity) (Eqs. 3 and 4). Eq. 2 permits then to derive 
from the Probit value (YPr Gn) the percentage of building suffering the damage  Gn [P%(YPr Gn)]. In 
terms of direct and indirect consequences, this enables predicting the damage scenarios that a future 
earthquake could produce in an inhabited area with similar masonry building typologies to those 
found in the Friuli area.

3.3. A posteriori studies on site effects
After the revision of the FrED database, Grimaz (2009b) carried out an a posteriori quantitative 

evaluation of local seismic response effects using an inverse Probit analysis of data. In his work, 
Grimaz (2009b) used the Probit analysis to estimate the relative ampli  cation factors for some 
different geomorphological scenarios classi  ed in the Gemona and Tarcento areas (province of 
Udine). These scenarios were identi  ed at local scale, taking into account the topographical and 
lithostratigraphic features of the areas. Furthermore, Grimaz (2009b) proposed a  rst estimation 
of the average relative ampli  cation factors referred to  at rock (Fig. 3), yet he underlined the 
need for validation by considering all the data available in the FrED database and a classi  cation 
of the geomorphological scenarios of the whole area affected by the 1976 Friuli earthquake. At the 
same time, he suggested considering the site effects in a preliminary microzonation, identifying 
the different geomorphological scenarios within a municipality.

Fig. 3 -  Geomorphological local scenarios (GLs) 
and estimated average ampli  cation factor, for the 
municipalities of Gemona del Friuli and Tarcento both 
in the Udine province (modi  ed from Grimaz, 2009b).



Boll. Geof. Teor. Appl., 59, 505-526  Grimaz and Malisan 

512

Starting from these suggestions, researchers of University of Trieste and Udine 
(ASSESS report, 2010; Grimaz et al., 2016) proceeded with a classi  cation of the different 
geomorphological scenarios at regional scale using a semi-automatic GIS procedure. As a 
result, different geomorphological regions (GRs) for the whole Friuli Venezia Giulia region 
were identi  ed. In particular, considering homogeneous geological, geomorphological and 
topographical characteristics, 14 GRs were de  ned at regional scale. The researchers identi  ed 
the GRs considering the overlay of the maps with the geological, geomorphological and 
topographical characteristics; for the calculation, the authors used the mean values calculated 
for an area of 40×40 m2. The lithostratigraphic units were subdivided into “hard soil” and “soft 
soil” as a function of the S-wave velocity (>800 m/s for hard and <800 m/s for soft soil), using 
the NEHRP soil map de  ned by Carulli (2006) at 1:150,000 scale. The topographical effects 
were analysed distinguishing three classes of average slope: < 8°, 8°-15°, and > 15°. Wherever 
necessary, the data were “smoothed” in order to identify macro-zones with homogeneous 
geomorphological behaviour. The resulting map was de  ned at 1:150,000 scale. 

Fig.  4 shows the pictures associated with the identi  ed GRs.
It is worth noting that the GRs are de  ned at regional scale and differ from the geomorphological 

scenarios (GLs) identi  ed by Grimaz (2009b) at local scale. The de  nition of the GRs allowed 
their adoption in regional hazard maps for the seismic risk evaluation. In particular, Slejko et 
al. (2011) proposed a new regional hazard map (called “site hazard map”) for the Friuli Venezia 
Giulia region, considering also the ampli  cation caused by the different class of GR and using, 
with a  rst approximation, the ampli  cation factors proposed by Grimaz (2009b) for the most 
similar GLs.

Fig. 4 -  GRs identi  ed with the semi-automatic GIS procedure.
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4. Recent advancements, confi rmations and warnings

After de  ning the GRs for the Friuli Venezia Giulia territory, the FrED database was integrated 
by adding to each building also the characteristics of the GR where it was located. This represents 
the prerequisite for an extensive validation of the site effects by a posteriori analysis, considering 
the information of the FrED database for the affected area. In particular, extensive Probit analyses 
on the new FrED data were carried out.

Before presenting the results, some considerations on the reliability of data are necessary. 
First of all, it should be noted that the FrED data were located using the address, which in some 
cases (i.e. when the address is not complete) produced a clusterization in a speci  c locations. 
Furthermore, the GRs are de  ned at a very large scale (1:150,000), and this has to be considered 
in the analysis of the integrated information.

In order to investigate the relationship between the GRs and the damage sustained by the 
buildings after the 1976 Friuli earthquakes, the researchers applied an inverse-Probit analysis on 
the integrated FrED data. To reduce the effect of the vulnerability of the buildings, a  rst  lter on 
the FrED data was applied considering only the information for buildings belonging to a speci  c 
vulnerability typology, as described in the previous sections. In particular, the vulnerability 
typology T1 was analysed, as it is the most frequent in the FrED database (Fig. 5) and only the 
information of the forms  lled before the main shocks of September 1976 was considered.

For the typology T1, inspected before September 1976, 27,478 buildings in all were analysed. 
Fig. 6 shows the overlapping of the GRs map, the isoseismal curves [IMSK, for the 1976 earthquake 
(Giorgetti, 1976)], and the T1 FrED points used in the present study (classi  ed according to their 
damage grade).

In order to analyse the data, the territory of each municipality was assumed as an “investigation 
area”. The purpose of this assumption is to limit the potential variability of the seismic action 
due to the attenuation effects within the analysed area: indeed, the territory of the municipalities 
is generally small and has a range of distances from the epicentre that enables considering the 
variability of seismic action mainly related to local effects. The comparative analysis of the 
damage of buildings located in contiguous GRs within the same investigation area also permits 
overcoming the loop of an indirect estimate of the ground motion obtained using the relationship 
of PGA/PGV versus macroseismic intensity.

Fig. 5 -  Distribution of 
vulnerability typologies in the 
FrED database.
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Fig. 6 -  GRs, FrED buildings 
and isoseismal curves.

Fig. 7 -  Municipalities 
and GRs considered in the 
analysis.
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A municipality is included in the analysis when both the lowest IMSK of the municipality is at 
least VII, and data show the presence of at least two GRs with useful information. A GR has useful 
information when there are both at least 10 buildings in the GR and more than two buildings with 
damage G4. The application of the above criteria leads to the identi  cation of the municipalities 
in Fig. 7 and Table 3. Overall, the analysis considered 35 municipalities.

The analysis of the data for each municipality has a similar approach to that presented by 
Grimaz (2009b). First of all, considering the data relative to the vulnerability typology T1 on the 
entire region, the regional inverse curves of Probit were derived, considering both acceleration 
(Eqs. 5 and 6), and velocity (Eqs. 7 and 8).

(5)

(6)

(7)

(8)

Municipality GR Buildings G4 G5 PGA (m/s2) PGV (m/s)
 |– –|  |– –|

Arba
H-MS 20 7 6 2.11 2.86 4.03 0.23 0.40 0.69
S-FP 121 8 5 1.10 1.43 1.85 0.07 0.12 0.18
S-FH 29 2 1 1.10 1.41 1.79 0.08 0.11 0.17

Artegna
H-MS 14 4 1 1.40 2.07 3.01 0.12 0.23 0.43
S-FH 185 77 29 1.84 2.62 3.85 0.19 0.34 0.66
S-AF 16 8 3 1.97 2.90 4.50 0.21 0.41 0.87

Attimis
H-SS 35 29 28 3.53 6.37 12.36 0.57 1.61 4.68
S-SV 153 25 20 1.56 2.01 2.62 0.14 0.21 0.33

Bordano
S-SS 44 25 20 2.64 3.80 5.63 0.34 0.65 1.22
S-SV 140 27 19 1.66 2.09 2.66 0.15 0.23 0.34

Castelnovo del Friuli

H-FP 65 46 30 2.76 4.28 6.88 0.39 0.80 1.83
H-MS 10 5 5 2.47 3.76 6.15 0.31 0.64 1.42
H-SS 74 15 11 1.69 2.15 2.77 0.16 0.24 0.36
H-VA 63 24 15 2.13 2.77 3.61 0.24 0.37 0.59
H-CR 10 4 2 2.00 2.71 3.74 0.22 0.36 0.63
S-FH 10 3 2 1.97 2.49 3.19 0.21 0.31 0.46

Cavasso Nuovo

H-MS 11 6 4 2.49 3.48 4.89 0.32 0.56 1.01
H-SS 39 6 5 1.52 1.99 2.61 0.13 0.21 0.32
H-CR 13 3 0 0.43 1.44 2.67 0.02 0.14 0.35
S-FP 67 3 2 0.96 1.30 1.73 0.06 0.10 0.16
S-MS 73 13 10 1.61 2.07 2.68 0.14 0.22 0.34
S-SS 81 3 2 0.90 1.24 1.67 0.05 0.09 0.15
S-FH 203 55 40 1.90 2.43 3.16 0.19 0.30 0.45

Cavazzo Carnico
H-SS 63 19 10 1.85 2.38 3.09 0.19 0.29 0.45
S-SV 77 31 20 2.20 2.88 3.77 0.26 0.40 0.64
S-DV 11 2 1 1.54 1.93 2.41 0.14 0.20 0.29

Colloredo di Monte 
Albano

S-FP 177 54 27 1.83 2.38 3.11 0.19 0.29 0.46
S-MS 19 3 2 1.54 1.92 2.42 0.13 0.20 0.28

Enemonzo
S-MS 64 3 3 0.98 1.40 1.92 0.06 0.11 0.19
S-SV 73 8 7 1.34 1.78 2.34 0.10 0.17 0.27

Table 3  - Inverse Probit data for the 35 municipalities considered in this study. The italics highlight the cases with less 
than 30 buildings.

logPGA = 0.25 ± 0.04 XProbit|T1 G4 - 0.73 ± 0.16   R2 = 0.89 

logPGA = 0.26 ± 0.04 XProbit|T1 G5 - 0.69 ± 0.16   R2 = 0.88 

logPGV = 0.44 ± 0.07 XProbit|T1 G4 - 2.48 ± 0.29   R2 = 0.89 

logPGV= 0.46 ± 0.07 XProbit|T1 G5 - 2.40 ± 0.28 R2 = 0.88 
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Municipality GR Buildings G4 G5 PGA (m/s2) PGV (m/s)
 |– –|  |– –|

Faedis + Povoletto

H-SS 55 3 2 1.03 1.37 1.80 0.07 0.11 0.17
H-CR 71 16 15 1.76 2.37 3.28 0.17 0.29 0.48
S-FP 247 18 7 1.03 1.39 1.82 0.07 0.11 0.18
S-FH 230 14 4 0.87 1.27 1.74 0.05 0.10 0.17

Fanna
S-FP 180 20 6 1.08 1.52 2.03 0.07 0.13 0.22
S-FH 295 32 6 0.91 1.43 2.02 0.06 0.12 0.22

Forgaria nel Friuli

H-FP 18 3 3 1.56 2.12 2.90 0.14 0.24 0.39
H-SS 71 53 39 2.99 4.70 7.50 0.46 0.94 2.13
S-MS 59 53 45 3.75 6.71 12.16 0.69 1.75 4.97
S-SS 50 2 2 0.93 1.34 1.84 0.05 0.10 0.18
S-FH 69 34 28 2.45 3.46 5.06 0.30 0.55 1.02

Gemona del Friuli

S-SS 10 3 3 1.97 2.75 4.03 0.21 0.37 0.69
S-FH 259 113 72 2.25 2.99 4.00 0.27 0.43 0.71
S-SV 65 20 10 1.83 2.38 3.13 0.19 0.29 0.46
S-AF 277 153 119 2.60 3.68 5.32 0.33 0.61 1.11

Lusevera
H-SS 13 11 3 2.10 4.35 9.96 0.24 0.90 3.51
H-CR 11 4 4 2.14 3.06 4.64 0.24 0.45 0.88
S-SV 24 5 2 1.49 1.96 2.56 0.13 0.20 0.32

Magnano in Riviera
S-SS 13 2 1 1.45 1.82 2.26 0.12 0.18 0.26
S-AT 19 4 0 0.43 1.40 2.57 0.02 0.13 0.33
S-FH 71 24 9 1.72 2.36 3.31 0.17 0.28 0.51

Majano
H-FP 38 10 5 1.75 2.23 2.87 0.17 0.26 0.40
S-FP 90 36 24 2.22 2.89 3.76 0.26 0.40 0.63
S-FH 363 164 107 2.29 3.07 4.12 0.28 0.45 0.75

Maniago

H-SS 22 3 3 1.45 1.96 2.66 0.12 0.21 0.34
S-FP 116 7 7 1.07 1.51 2.04 0.07 0.13 0.21
S-MS 21 4 3 1.65 2.10 2.71 0.15 0.23 0.35
S-FH 228 20 14 0.95 1.45 2.04 0.06 0.12 0.21

Meduno

H-MS 84 3 3 0.89 1.30 1.80 0.05 0.10 0.17
S-FP 25 4 1 1.16 1.67 2.30 0.08 0.16 0.27
S-MS 72 8 4 1.30 1.63 2.03 0.10 0.15 0.22
S-FH 202 27 3 0.84 1.45 2.15 0.05 0.12 0.24

Moggio Udinese

H-MS 28 21 19 3.19 5.22 9.00 0.48 1.13 2.72
H-SS 17 9 9 2.54 3.92 6.52 0.32 0.69 1.57
S-MS 23 15 12 2.88 4.25 6.41 0.40 0.79 1.52
S-SS 38 12 11 2.02 2.76 3.93 0.21 0.37 0.66
S-SV 21 5 5 1.80 2.47 3.51 0.18 0.31 0.54
S-AF 21 13 10 2.78 4.01 5.86 0.38 0.71 1.31

Montereale Valcellina
H-MS 19 3 3 1.54 2.08 2.84 0.13 0.23 0.38
S-MS 36 2 2 1.04 1.47 1.99 0.07 0.12 0.20
S-FH 140 10 7 1.13 1.49 1.94 0.08 0.13 0.19

Nimis

H-MS 47 26 16 2.42 3.44 4.97 0.31 0.54 1.04
H-SS 116 46 18 1.84 2.58 3.71 0.19 0.33 0.62
S-MS 31 30 20 3.29 7.47 19.34 0.54 2.24 11.19
S-FH 174 63 36 2.02 2.64 3.48 0.22 0.34 0.56
S-SV 52 36 23 2.70 4.15 6.61 0.38 0.76 1.71

Paluzza
S-MS 112 2 2 0.71 1.09 1.57 0.03 0.07 0.13
S-SS 75 6 6 1.19 1.65 2.21 0.08 0.15 0.24
S-SV 178 17 8 1.20 1.54 1.95 0.09 0.13 0.20

Table 3  - continued.
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Municipality GR Buildings G4 G5 PGA (m/s2) PGV (m/s)
 |– –|  |– –|

Pinzano al Tagliamento

H-MS 100 41 16 1.86 2.62 3.80 0.19 0.34 0.65
H-SS 22 14 2 1.54 2.98 5.89 0.14 0.46 1.40
S-FP 50 2 0 0.43 0.96 1.60 0.02 0.06 0.14
S-FH 148 59 19 1.73 2.50 3.74 0.17 0.32 0.63

Pontebba
S-SS 109 19 17 1.59 2.11 2.82 0.14 0.23 0.37
S-SV 65 4 3 1.08 1.45 1.91 0.07 0.12 0.19
S-AF 29 3 2 1.31 1.67 2.11 0.10 0.15 0.23

Ragogna

H-SS 38 7 5 1.63 2.07 2.64 0.15 0.22 0.33
S-FP 112 23 20 1.70 2.24 3.01 0.16 0.26 0.42
S-MS 115 61 42 2.50 3.44 4.75 0.32 0.55 0.96
S-SS 14 8 6 2.65 3.73 5.32 0.35 0.63 1.11
S-FH 269 72 49 1.89 2.38 3.03 0.19 0.29 0.42

Reana del Rojale
S-FP 521 17 3 0.64 1.04 1.54 0.03 0.07 0.13
S-FH 98 8 5 1.20 1.53 1.94 0.09 0.13 0.19

Resia

H-SS 135 34 32 1.84 2.49 3.48 0.18 0.31 0.54
S-SS 144 11 11 1.17 1.62 2.17 0.08 0.15 0.24
S-AT 31 13 9 2.28 2.99 3.96 0.27 0.43 0.67
S-SV 272 96 84 2.11 2.89 4.12 0.23 0.40 0.72

Sequals
S-FP 203 77 65 2.17 2.97 4.22 0.24 0.42 0.75
S-FH 301 73 66 1.81 2.42 3.33 0.18 0.30 0.50

Socchieve
S-MS 83 9 7 1.33 1.73 2.24 0.10 0.16 0.25
S-SV 106 3 2 0.82 1.15 1.59 0.04 0.08 0.13

Sutrio
S-SV 126 4 2 0.85 1.15 1.54 0.05 0.08 0.13
S-AF 72 3 3 0.94 1.35 1.86 0.06 0.11 0.18

Tarcento

H-FP 57 6 4 1.32 1.68 2.13 0.10 0.15 0.23
H-MS 22 17 8 2.49 4.27 8.05 0.32 0.82 2.41
H-SS 81 46 27 2.40 3.46 5.12 0.30 0.55 1.09
H-CR 63 36 23 2.50 3.56 5.16 0.33 0.58 1.11
S-MS 58 10 6 1.58 1.95 2.40 0.14 0.20 0.28
S-FH 664 255 167 2.17 2.81 3.63 0.25 0.38 0.60
S-SV 135 67 42 2.34 3.22 4.47 0.29 0.49 0.86

Tolmezzo

H-SS 37 8 8 1.73 2.36 3.30 0.16 0.28 0.49
S-MS 31 6 6 1.66 2.26 3.14 0.15 0.26 0.45
S-SV 297 20 14 1.11 1.47 1.92 0.08 0.12 0.19
S-AF 70 21 7 1.58 2.20 3.07 0.14 0.25 0.45

Travesio
S-FP 96 11 11 1.36 1.85 2.49 0.11 0.19 0.30
S-FH 384 88 59 1.78 2.22 2.81 0.17 0.25 0.37

Trasaghis

H-SS 164 92 69 2.62 3.68 5.23 0.34 0.61 1.08
S-SS 17 5 3 1.92 2.42 3.05 0.20 0.29 0.44
S-FH 40 25 19 2.79 4.03 5.86 0.38 0.72 1.34
S-SV 149 59 38 2.18 2.84 3.71 0.25 0.39 0.62
S-AF 71 28 22 2.21 2.98 4.12 0.25 0.42 0.72

Vito d'Asio
H-MS 122 98 93 3.41 5.94 11.09 0.54 1.42 3.89
H-SS 106 66 59 2.79 4.28 6.90 0.38 0.80 1.73
S-SV 31 21 15 2.81 4.22 6.41 0.41 0.78 1.62

Table 3  - continued.
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Then, the data of the selected municipalities were analysed by separating the buildings among 
the different GRs. Table 3 shows the data for each municipality evidencing the effects of each GR. 
For each GR, the procedure identi  es the total number of buildings and the buildings suffering 
a damage G4 and G5. The cases in which the total number of buildings is lower than 30 
(therefore a statistically inadequate number of samples) are reported using italics. The inverse 
Probit equations obtained at regional level were applied to estimate the seismic action [in terms 
of peak ground acceleration - (PGA), or peak ground velocity - (PGV)] that caused those effects 
(Table 3).

The data of Table 3 allowed us to estimate the ampli  cation factors (AF) for the different GRs 
applying the following criteria, for each municipality:
• presence of the GR H-FP (  at plain in hard soil): this GR is considered as reference and by 

de  nition: AFH-FP
 = 1; in fact, there should be no ampli  cation of the seismic motion for this 

GR. For each municipality the estimated AF is calculated by dividing the values of acceleration 
(or velocity) of each GR, with the value of acceleration (or velocity) of the GR H-FP. The 
estimation of AF is direct and therefore the reliability can be considered good;

• absence of the GR H-FP (  at plain in hard soil): another GR is assumed as a “temporary 
reference”, and the data obtained for the other municipalities are used to relate the ampli  cation 
to the H-FP case. A notable example is the municipality of Trasaghis, where there is no GR H-FP, 
but only H-SS, S-SS, S-FH, S-SV, and S-AF. In this case, a speci  c GR is considered as “temporary 
reference”, and in particular the GR S-SV. The procedure calculates the ampli  cation of each 
GR of the municipality with respect to S-SV. Then, analysing the data of all the municipalities, 
it is recognized that Tarcento has information concerning both the “temporary reference” 
(S-SV) and H-FP GR, and then the value of the AF from H-FP to S-SV is used to relate the values 
of Trasaghis to the reference site H-FP. This procedure can also be applied twice (passing 
through different “temporary references” GRs); in these cases, there is no direct link with the 
GR H-FP. The estimation is indirect and its reliability is lower than in the direct case.
Using the above procedure, two “paths” were used to estimate the AFs considering as potential 

“temporary reference” S-FP, S-SV and S-FH. The  rst path adopts, as “temporary reference”, S-FP 
and S-sv, which could be directly linked to H-FP through the data of Majano and Tarcento, and 
uses for three municipalities a double link from S-FH to S-SV and then to S-FH. The second path 
considers as temporary reference S-FH (linked to S-FH through the data of Forgaria nel Friuli, 
Majano and Tarcento), and uses a double link from S-SV to S-FH and then to S-FH. Table 4 shows 
the estimated AFs from S-FH to the “temporary reference” GRs considering both PGA and 
PGV.

Figs. 8 and 9 show the outcomes of the procedure after the analysis of the data of all the 
municipalities following the two different paths. The  gures show the outcomes with different 
markers and colours, considering the municipalities with and without the GR H-FP.

4.1. Discussion on the results of the statistical analysis
Figs. 8 and 9 summarize the results of statistical analysis for each investigated GR and show 

a large variability of the estimated AFs, especially for the GRs H-MS H-SS, S-MS and S-SS. It is 
important to remember that the variability could be intrinsically associated to the characteristics 
of data input (FrED information) and in particular could derive from:
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Fig. 8 - Average relative AFs 
for the 35 municipalities 
(calculated from PGA 
values).

Fig. 9 - Average 
relative AFs for the 35 
municipalities (calculated 
from PGV values).
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a) approximations related to the high dispersion of the relationship between ground motion 
parameters and macroseismic intensity;

b) incompleteness of information in the FrED database in the epicentral area (the inspection 
forms were not compiled for the collapsed buildings);

c) potential poor localization of the FrED buildings [the automatic procedure of geolocalization 
somewhere produced groups of buildings clustered in a single point, for example in the middle 
of a street (see Di Cecca and Grimaz, 2008)];

d) poor details deriving from the semi-automatic procedure and related to the scale of de  nition 
of the GRs;

e) potential variations of the buildings vulnerability (the vulnerability typology T1 includes a 
large variability of buildings, with the common characteristics of “being built before 1920”);

f) buildings on slopes (H-MS, H-SS, S-MS, S-SS) could have their foundations on different levels. 
Higher grade of damage observed in these GRs could derive from a higher vulnerability of 
buildings and not from an ampli  cation of the ground motion;

g) the correlation between strong motion parameter and damage does not take account of the 
vertical component. Grimaz and Malisan (2014) evidenced that the vertical component could 
have a strong role in the damaging, especially in the epicentral area and for friction-resisting 
structures (T1 typology);

h) the damage observed and recorded on the inspection forms could refer to the damage derived from 
a different series of main-shocks and not only caused by a single shock. As evidenced by Grimaz 
and Malisan (2017), the cumulative damage could affect the goodness of the Probit equations;

i) the damage, at local level, could have a possible strong correlation to the direction of the 
impinging waves with respect to the orientation of the buildings, especially in the areas being 
characterized by directional effects;
Nevertheless, it is worth noting that the direct estimations (black rhombus) give very close 

values to the ones estimated by Grimaz (2009b) (red “x”).
The analysis of the distribution of data in Figs. 8 and 9 also highlights the presence of some 

outliers that should be investigated with in-depth local analysis. In particular, four cases deserve 
speci  c analysis (with reference to the notes in Figs. 8 and 9):
1. data derived from the municipality of Castelnovo del Friuli: the data in Table 3 show that the 

ground motion values that caused the recorded damage in the H-FP are signi  cantly larger than 
the values calculated for the other GRs in the same municipality. Some anomalies and outliers 
are also evident. Studying the distribution of the FrED buildings, it is possible to assert that there 
is no signi  cant variation of the distance from the epicentre of the earthquake (and therefore, that 
the expected ground motion, calculated without the geomorphological effects, is about the same 

Temporary reference GR / H-FP AF PGA AF PGV Municipalities used for the evaluation

S-FP / H-FP 1.29 1.57 Majano

S-SV / H-FP 1.92 3.14 Tarcento

S-FH / H-FP 1.56 2.19 Average of the values of Tarcento, Majano, 
Forgaria nel Friuli

Table 4 - Values adopted to link the “temporary reference” values to the GR H-FP.
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for all points). High values of PGA and PGV for H-FP affect the AFs calculated for all the other 
GRs. This is the reason for unexpected values showing potential de-ampli  cation. A speci  c 
study on this anomaly is illustrated in the next section;

2. data derived from the municipality of Forgaria nel Friuli, for the S-SS GR: the evaluation 
shows a potential de-ampli  cation for the sites in the S-SS GR with respect to the H-FP GR. 
Two observations can be made on this point:  rst, the data is calculated with reference to H-FP 
GR, where there are only 18 FrED buildings (therefore, the outcomes might not be reliable); 
second, a detailed analysis of the FrED buildings of Forgaria nel Friuli and of the S-SS GR 
shows that all the buildings are located in the hamlet of Cornino: an in-depth study both on 
site potential ampli  cation and on buildings vulnerability could enhance the knowledge on 
this (apparent) anomaly;

3. data derived from the municipality of Attimis, for the H-SS GR: the outcomes show a very 
large ampli  cation for the H-SS GR. The detailed check of the FrED points shows that all the 
buildings of Attimis in the H-SS GR were located in the hamlet of Forame; a deeper evaluation 
of the vulnerability of buildings is necessary, to verify if the destruction was caused by a high 
vulnerability or by large seismic motion ampli  cation (or both);

4. data derived from the municipality of Nimis, for the S-MS and S-sv GRs: the outcomes show 
a rather large ampli  cation, especially for S-MS. The FrED data show that the S-ms and S-sv 
GRs are de  ned by the data of the hamlet of Cergneu. It is known that Cergneu was almost 
completely destroyed by the earthquake. It has to be veri  ed if the destruction was caused by 
a high vulnerability or by large seismic motion ampli  cation (or both).

5. On-site study

Considering the observations derived from the statistical analysis, the authors decided to 
study in depth the anomalies associated to the GR H-FP of Castelnovo del Friuli, through on-site 
surveys. Fig. 10 shows the data of PGA and PGV (with the con  dential interval) calculated for 
Castelnovo del Friuli. The  gure highlights the large variability and the (relative) high values 
derived for the H-FP regions.

A speci  c site survey was planned to investigate the reason for this anomaly and, speci  cally, 
to understand why the GR H-FP shows such a large ampli  cation: the variation could be associated 
both to local building vulnerability characteristics and to local site conditions. The vulnerability 
assessment was done through a quick (and visual) evaluation of the buildings, analysing in 
particular the constructions belonging to the T1 typology. The survey did not reveal a meaningful 
variation of the buildings vulnerability, neither in the GR H-FP nor in the whole municipality. 
The assessment of the potential ampli  cation in the GR H-FP was carried out through speci  c 
ambient noise measurements analysed through the HVSR technique (Fig. 11) [for a short review 
of the technique, see Fäh et al. (2001) and Mucciarelli and Gallipoli (2001)]. The measurements 
were carried out using seismometers with three orthogonal components (we used a Lennartz LE 
3Dlite-1s seismometer and a Lennartz M24 compact LP digitizer). The HVSR technique enables 
studying, among other parameters:
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Fig. 11  - Measurements in the H-FP area in the municipality of Castelnovo del Friuli.

Fig. 10   - Ranges of estimated velocity and acceleration calculated for the GRs of Castelnovo del Friuli.

• the presence of a signi  cant impedance contrast in the site, that may cause an increment of the 
seismic action on the ground surface; in the HVSR curve, a peak with amplitude larger than 
about two usually reveals the presence of a signi  cant impedance contrast;

• the natural frequency(ies) of the ground, useful for the identi  cation of potential double-
resonance effects, between site and building; the double resonance could severely increase the 
damage on buildings.
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These parameters allow the quick identi  cation of local site conditions that could increase the 
damage, and therefore cause the large variability of the ground motion parameters derived from 
the FrED database. The choice of the locations of the measurements was guided by the analysis 
of the FrED data. The green, yellow and red dots in Fig. 11 represent the buildings of the FrED 
database having G3, G4, and G5 damage grade, respectively. The HVSR measurements were 
done in the area with more G4 and G5 cases.

The HVSR curves in Fig. 11 show the presence of peaks at relatively high frequencies, and 
values of the H/V ratio larger than two, for a wide portion of the curves. This indicates the presence 
of a soft layer in the local stratigraphy. Furthermore, the fundamental frequency range of the site 
has the same range of fundamental frequencies that are typical of masonry buildings with 1-2 
 oors (5-10 Hz), therefore implying the presence of potential double-resonance effects. These 

observations could explain why this area, even if it is classi  ed as GR H-FP at regional scale, 
showed greater damage than the surrounding GR. This implies that the GRs are not suf  ciently 
detailed to be used for local analysis and could not represent the presence of local stratigraphic 
characteristics (Fig. 12).

6. Final considerations

The studies on the damage to buildings after the 1976 earthquakes in Friuli allow extracting 
useful information for prevention purposes. This paper summarizes the results obtained using the 
FrED database and presents some new outcomes.

The FrED database allowed distinguishing six vulnerability typologies (for masonry buildings) 
for the region. The data allowed de  ning a Synthetic Damage Judgement scale, in order to assign 
a damage grade from visual information (rapid survey or photographic information). The FrED 
data were also used for the improvement of the fragility curves based on the GNDT vulnerability 
index. Thanks to a Probit analysis, the FrED data also allowed the de  nition of relationships that 

Fig. 12 - The scale of GRs does not permit identifying local stratigraphic characteristics.
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permit estimating the potential consequences of a future earthquake in an inhabited area with 
similar masonry building typologies to those in the FrED database. The outcomes were used to 
compile the risk map of Friuli Venezia Giulia (Carulli et al., 2003).

The FrED data were used for an a posteriori study on site effects in the municipalities of 
Gemona del Friuli and Tarcento. This study allowed assessing the effect of local GLs on the 
damage together with the evaluation of the regional probit curves.

The de  nition of the GRs for the whole region allowed the study of the effects of topographical, 
geological, and stratigraphic variations at regional scale. Indeed, the distribution of the damage 
after the 1976 earthquakes for a speci  c building vulnerability typology is studied in this work, 
considering the different GRs, using the inverse Probit analysis. Based on the outcomes, the 
authors would make a number of comments, as follows:
• the semi-automatic procedure adopted for the de  nition of the GRs and the large scale of 

de  nition of the GRs (1:150,000) do not allow identifying local variations, which could affect 
the seismic ground motion and cause local site effects;

• the outcomes should be interpreted bearing in mind the main limitations of the data used for 
their evaluation and in particular: the incompleteness of the FrED database in the epicentral 
area; the potential poor localization of the FrED buildings; the variations of the buildings 
vulnerability (considering both the building geometry, the structural typology and the structural 
material characteristics);

• the data derived for the municipalities near the epicentral zone, should account for the potential 
effect of the vertical component of the seismic ground motion that could severely affect the 
constructions, especially those in the T1 vulnerability typology (mainly characterized by 
friction-resisting structures). Furthermore, the correlation between damage and seismic action 
could be affected by the effects of cumulative damage of buildings, caused by multiple seismic 
shocks (aftershocks) with signi  cant intensity.
The above considerations explain the reason for the large variability of the AF ranges obtained 

from the statistical analysis of FrED data. Nevertheless, the analyses developed at regional 
level provide some indications (warnings) concerning the seismic effects of the different GRs. 
As illustrated in the previous sections, the data allow identifying anomalies (or “unexpected 
results”), that can guide in-depth local analysis (concerning both local site effects and local 
building vulnerability). An in-depth study, based on geophysical investigation and developed at 
local level, showed that the apparent anomalies evidenced in correspondence of some GRs are 
related to local characteristic of the sites.

An overall analysis of the data shows that the outcomes are a good estimate of those 
calculated by Grimaz (2009b) when considering the direct estimations; even though the two 
methods adopt different approaches to identify the geomorphotypes (the GRs adopt a semi-
automatic procedure, with results at regional scale, while the GLs were identi  ed locally, with 
in-depth studies).

As a conclusion, the outcomes of the statistical analysis for the different GRs presented in this 
work can be considered a preliminary informative warning on the range of potential ampli  cation 
associated to the sites in the different GRs. The range of potential ampli  cation can address 
speci  c in-depth studies to more accurately quantify the AFs at local scale.
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ABSTRACT  Cultural heritage constitutes a fundamental resource for a country, both in terms of cultural 
identity as well as tourist attraction. This is particularly true for Italy, where earthquakes 
have severely damaged monumental buildings and historical centres in the past, causing 
huge losses and requiring great efforts for the interventions. The 1976 Friuli earthquake 
was the starting point for a new, observational-based approach to the vulnerability 
analysis of historical buildings, and in particular to churches and bell-towers. This new 
approach enabled interpreting the mechanisms of damage and identifying the weakness 
points for a more effective and focused intervention of retro  tting. This paper presents 
a brief overview of how the 1976 Friuli earthquake experience contributed both to the 
knowledge of seismic behaviour of historical buildings and to the formulation of tailored 
safety upgrading projects.

Key words: 1976 Friuli earthquakes, historical buildings, knowledge improvements, tailored safety 
upgrading, seismic behaviour.

1. Introduction

In 1984, after the disastrous earthquakes of 1976 in Friuli (north-eastern Italy) and 1980 
in Irpinia (southern Italy), Gavarini and Angeletti (1984) published a paper entitled “Seismic 
vulnerability of existing buildings. The state of the structure and future development of research 
in Italy”, in which they highlighted how vulnerability of existing buildings is one of the most 
important problems in evaluating seismic risk. At the time, plans for mitigating risk were in 
progress in the United States and in Japan, with different levels of analysis according to the 
operative scale, and with an assessment of vulnerability in terms of damage and/or victims 
based on different approaches (subjective, experimental, theoretical-mechanical). Nevertheless, 
Gavarini and Angeletti (1984) pointed out the differences and complexity in the case of application 
to Italian urban areas, and in particular to historical centres, and stressed the fact that a scienti  c 
approach for assessing seismic risk had not yet been achieved, evidencing the necessity for future 
research developments and implementation programs.

In the same year, Benedetti and Petrini (1984) proposed a method to evaluate the vulnerability 
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of masonry buildings, subsequently used for assessing public buildings in a speci  c program of 
the Italian National Council of Research program (CNR, 1993). Successively, Grimaz (1992, 
1993) proposed an extension of the above method for evaluating the vulnerability of masonry 
building in historical centres, also taking into account the in  uence of the structural context. 
A posteriori studies were carried out to de  ne the fragility curves by analysing the data of the 
historical centres of Venzone and Tarcento (both in the Udine province) damaged by the 1976 
Friuli earthquake in north-eastern Italy, and of Barrea (L’Aquila province) damaged by the 1984 
earthquake in central Italy (Grimaz et al., 1997). In these researches, the damage data collected 
after the 1976 Friuli earthquake played a decisive role.

At the end of the 1980s, studies were carried on the buildings of the historical centre of 
Castelvetere in Calore (Avellino province) in southern Italy (Giuffrè et al., 1988) and on the 
historical neighbourhood of Graziella of the Ortigia Island (Syracuse province) in Sicily (Giuffrè, 
1993). Giuffrè (1988) proposed a code of practice as a guide for operating improvements coherently 
with the historical fabric. The approach was based on the analysis of the typology of construction, 
constructive techniques, and conservation state of the building. The vulnerability analysis was 
identi  ed as a preliminary study that permits an evaluation of the potential mechanisms of 
damage in case of an earthquake, but also to de  ne a contextualized approach of intervention for 
risk mitigation.

From 1988 to 1998, a speci  c program of research of the CNR/GNDT (National Research 
Council/National Group for the Defence from Earthquakes) addressed the study of the 
vulnerability of historical buildings. The research activity aimed at developing an observational 
method for assessing the seismic vulnerability of buildings and ancient building aggregates, 
with a particular focus on monumental and cultural buildings. Furthermore, the studies intended 
to obtain correlations between vulnerability and damage. In practice, the seismic vulnerability 
of historical buildings was assessed through a posteriori observations and analysis of real 
cases. The studies were carried out as an “anamnesis”, i.e. evaluating and classifying the 
construction features of the buildings, their transformations through the time and the state of 
damage caused by previous earthquakes. In this systematic work, the 1976 Friuli earthquake 
played a fundamental role, the approach being conceived and developed on analysing a large 
set of churches damaged by the 1976 Friuli earthquakes of 6 May and 11 and 15 September 
(Doglioni et al., 1994).

In the following sections, we summarise the innovations and enhancements in the damage 
analysis of historical buildings, highlighting the contribution of data from the 1976 Friuli 
earthquake. Furthermore, we underline how those innovations contributed to formulating a new 
approach aimed at upgrading the safety of historical buildings by considering the history of the 
building and the conservation requirements. Finally, we note the lessons learnt from the studies 
based on the data of the 1976 Friuli earthquake, which played a key role in the progress made 
after that experience.

Other studies carried out on existing buildings (not speci  cally focused on monumental 
buildings and churches) using the data of damage collected after the 1976 Friuli earthquake 
are presented in Carniel et al. (2001), Di Cecca and Grimaz (2008), and Grimaz and Malisan 
(2018).
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2. The innovative approach of Friuli earthquake damage studies

The 1976 Friuli earthquake marked a turning point in the knowledge of seismic behaviour of 
historical buildings (Slejko et al., 2018). The innovations can be summarised by the following 
main aspects:
a) the series of powerful earthquakes that devastated Friuli in 1976 (Slejko, 2018) seriously 

damaged the medieval historic centres and a large number of churches and bell-towers in the 
affected area;

b) photos of the pre-earthquake condition as well as photos immediately after the seismic events 
(see e.g. Briseghella et al., 1976) were available for most of the churches (Fig. 1) and bell-towers;

c) as a fundamental choice for the Friuli reconstruction, it was decided to privilege the repairing 
of existing buildings as much as possible rather than constructing new ones.
These aspects, for the historical and monumental built heritage, implied the collection and 

organization of all the available pre- and post-seismic documentation. In this way, for the  rst 
time in Italy, a mass of information about the seismic behaviour of masonry buildings was 
compiled. This huge amount of data constituted the premise for carrying out a systematic study 
using an a posteriori approach based on damage analysis. The approach aimed at identifying 
the characteristics and the causes of damage, as well as the criteria for designing effective repair 
interventions. At the same time, the way was paved for studies on seismic vulnerability of the 
built heritage on the basis of systematic objective evidence diagnosis. These studies signi  cantly 
increased the ability to understand, from a technical viewpoint, both the historical heritage 
construction characteristics and the previous damage.

As a result, two main innovations were introduced:
a) better knowledge of the seismic behaviour of masonry buildings, allowing the development of 

more ef  cient intervention techniques for historical buildings;
b) the introduction of evidence-based criteria to carry out interventions focused on reducing 

buildings vulnerability, even if they have not yet been affected by earthquakes.
In the following, we illustrate the key concepts related to the abovementioned innovations.

Fig. 1 - The church of Santa Maria degli Angeli in Gemona del Friuli (Udine province) before and after the earthquake 
of May 1976.
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2.1. Damage analysis based on the concepts of macro-element and mechanism
The huge availability of data induced researchers involved in the CNR research program to 

create a speci  c photographic archive with the aim of documenting the status of each monument 
before the earthquake, after the  rst main shock of May and after the main shocks of September 
1976. The complete sequences found allowed the researchers to document the evolution of the 
damage process and to study the kinematic development of the damaging processes, also taking 
into account the conditions before the earthquake.

In particular, the systematic collection of graphic and photographic documentation enabled 
the researchers to introduce an “epidemiological” approach that could “read the pathologies”, 
considering also the “damage history” of the building before and after the earthquakes 
of 1976.

Researchers prepared a form with the speci  c purpose of comparing the vulnerability and 
damage conditions, respectively before and immediately after the earthquake. The form was 
applied on about 350 churches and the analysis was based on two main key concepts.

The  rst key concept is the “macro-element”. The macro-element was de  ned by the 
researchers as “a constructively recognizable and complete part of the building that can coincide 
with an architectural or functional part” (Fig. 2). Usually, it is composed of multiple walls and 
elements connected to each other, so that it constitutes a single part standing by itself and, 
in some cases, volumetrically de  ned, although it is usually connected and not independent 
of the construction complex. The partition of the church into macro-elements was introduced 
for a systematic analysis, description, and classi  cation of the damage and to facilitate its 
understanding.

Fig. 2 - Macro-elements 
of the Santo Stefano 
Church in Valeriano 
(Udine province) (from 
Doglioni et al., 1994).
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The second key concept is the “mechanism”. The mechanism is the kinematic representation 
used to interpret and describe both the behaviour of a unitary structural part (macro-element) 
during an earthquake and the consequent related characteristics of damage (Figs. 3 and 4). The 
mechanism is necessary both for the dynamic and mechanical interpretation of the damage that 
already occurred and for predicting further damage, since the future behaviour can be interpreted 
as a progression of the mechanism.

In practice, the seismic behaviour of the churches was studied by separating the macro-elements 
of each church, and recognizing for each of them an almost autonomous seismic behaviour. 
For each macro-element, researchers carefully interpreted the damage to identify the already 
mobilized mechanisms or those that could be activated. This research on damage highlighted the 
repeatability of certain cracks and/or deformation phenomena in speci  c architectonical parts, 
thus providing an initial series of expected damage on macro-elements identi  ed in buildings 
belonging to similar architectural types. This evidenced the possibility of using these data for 
characterizing the vulnerability of buildings, by identifying the typical potential mechanisms 
correlated to speci  c architectonical features of the macro-element.

The damage analysis of churches and bell-towers in Friuli, therefore, became a signi  cant 
source of knowledge both for vulnerability studies and for the de  nition of “problem-speci  c” 
safety upgrading interventions.

2.2. A posteriori vulnerability characterization
From the numerous examined cases, a very close connection emerges between the construction 

architectonic features, the transformation processes, the previous damage (building history and 
damage history) and the type and extent of the damage sustained after the earthquakes of 1976.

The a posteriori analysis enabled the researchers gather some important information in terms 
of seismic vulnerability, namely the “predisposition of a building to be subjected to damage due to 
an earthquake”. Considering that the damage derives from the activation of a mechanism in each 
macro-element, the vulnerability could be associated to the potential activation of a mechanism. 
This permits recognising three types of vulnerabilities:
- typical vulnerability: this concerns the insurgence of damage mechanisms strictly related to the 

conformation of the macro-element;
- speci  c vulnerability: this is linked to factors and situations that facilitate and/or drive the 

progression of the damaged associated with the activated mechanism (i.e. weaknesses or 
discontinuities linked to the construction history, enlargements, structural modi  cations, 
previous damage, etc.);

- endemic vulnerability: this relates to materials and/or building techniques used in a certain 
geographic and cultural area. It is a type of vulnerability introduced after the comparison among 
the distinctive modalities of damage observed after earthquakes in different areas.

The peculiar constructive characteristics of a building, considering also its original state and 
transformations, allow forecasting the potential damage that could result as the progression of the 
activated mechanism. This approach led to introducing a new concept of structural improvement, 
as a set of interventions directly aimed at inhibiting the mechanism activation or progression.

The results of this intense research activity are illustrated in detail in the book of Doglioni 
et al. (1994), which constituted the fundamental reference point for subsequent research and 
improvements in the sector.
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Fig. 3 - The damage on churces and the related mechanism scheme (modi  ed from Doglioni et al., 1994 and Doglioni, 2000).
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Fig. 4 - The damage on bell towers and the related mechanism scheme (modi  ed from Doglioni et al., 1994 and 
Doglioni, 2000).
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2.3. Progression of damage
The massive and systematic acquisition of pictures from the very  rst moments after the 6 

May earthquake allowed beginning to recognise the evolution and progression of damage. The 
damage progression is an effect of the aftershocks or of new earthquakes. Observations highlight 
that the damage progression is closely linked to the evolution of the mechanisms already activated 
by the  rst shock. This aspect is particularly evident when observing the consequences of the 
shocks of September 1976 in Friuli. Fig. 5 shows the progression of damage in the cathedral 
of Venzone, which was almost completely destroyed after the September events. The effects of 
damage progression were further recognised also in the subsequent Italian earthquakes in Irpinia 
(1980), Umbria-Marche (1997), Aquila (2009), Emilia (2012), and central Italy (2016) (Grimaz 
and Malisan, 2017).

In the following, section 3 summarises the main improvements based on the studies on the 
data of the 1976 Friuli earthquake.

3. Enhancements in historical buildings safety based on Friuli studies

The studies on Friuli earthquake damage introduced new concepts which led to enhancements, 
especially in the systematisation of interventions on damaged structures. The analysis of seismic 
damage permitted establishing the basis to de  ne evidence-based criteria for implementing 
interventions. Furthermore, the experience enabled establishing the methodologies for a systematic 
damage survey aimed at the de  nition of interventions.

3.1. Code of practice for a “problem-specifi c” safety improvement
The methods and concepts introduced through the researches on the 1976 Friuli earthquake 

have been used to develop the vulnerability and damage data sheets used after the earthquake of 
Umbria Marche (1997) by the Italian Ministry of Cultural Heritage and the Italian Civil Protection 
Department. In particular, starting from the results of the researches on Friuli data (Doglioni et al., 
1994), a Code of Practice was developed to manage the intervention on historical buildings. This 
code also allowed de  ning restoration and preventive safety upgrading interventions that could 
be used both for buildings constructed using traditional techniques and for the architectonical 
heritage.

The Code of Practice of Marche Region (Doglioni, 2000) was based on the de  nition of a 
contextualized plan of actions aimed at improving the seismic response of the speci  c building.

In particular, it is based on:
- researching and  nding all forms of typical vulnerability that could be present in a building 

(recognised on the basis of the damage in similar buildings);
- recognising the signs and other directly observed elements, such as pre-existing damage, 

discontinuities, weakening due to deterioration and transformations, etc.;
- conceiving the intervention as a systematic counteraction to all the recognized vulnerabilities 

and damage: this is done by studying the correspondence between each type of vulnerability, the 
mechanisms (both activated or that could be activated), and one or more interventions suitable 
to avoid the activation and progression of mechanisms.
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Fig. 5 - Progression of damage (modi  ed from Doglioni et al., 1994): the cathedral of Venzone a few days after the 
earthquake of 6 May 1976 (top) and after the events of September 1976 (bottom).
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More broadly, the Code of Practice introduced a “problem-speci  c” approach for repairing 
or for upgrading safety conditions of the historical building in seismic-prone areas, capitalizing 
on all the previous studies and in particular the studies on the churches and bell-towers in Friuli. 
This approach ensures that for the intervention all the structural elements already present in the 
building interact during an earthquake, with each other deactivating the potential mechanisms. 
The goal is reachable using speci  c solutions, such as the introduction of metallic connections 
between trusses of the roof and the external walls in order to counteract their out of plan 
mechanisms.

The key criterion of interventions is to inhibit the activation or progression of the potential 
mechanisms (especially for mechanisms that overturn front walls) without radically altering the 
physiology of the structure. It is fundamental that the intervention avoids introducing signi  cant 
differences of stiffness or mass increase, especially in the upper part of the building. A possible 
solution is to use tie rods and metallic connections (Fig. 6) together with reinforcements on 
vulnerable points (such as angular windows). Rigid and heavy structures such as reinforced 
concrete tie beams, or concrete structures for the roofs or slabs should be avoided, since the post-
earthquake analysis of damage showed that these elements often introduce speci  c vulnerabilities 
(Fig. 7). In order to achieve this objective, it is preferable to adopt solutions that work in traction, 
which usually have a limited weight and are generally metallic or made of wood (Fig. 8). 
Furthermore, vulnerability is greatly reduced with interventions that counteract the upending 

Fig. 6 - Tailored approach: problem-speci  c intervention is conceived with the goal of inhibiting the activated or 
potential mechanism (modi  ed from Doglioni, 2000).
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Fig. 8 - Example of problem-speci  c interventions based on Code of Practice criteria. Tailored solutions de  ned for the 
roof of the church of Beata Vergine Maria in Ostiglia (Mantua province) damaged by the 2012 earthquake in Emilia 
(northern Italy).

Fig. 7 - Church of Santa 
Giuliana, in San Pellegrino, 
Norcia (Perugia province, 
central Italy). The heavy 
beam supporting the roof is an 
intervention that introduced 
signi  cant differences of 
stiffness or mass increase in 
the upper part of the building.
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mechanisms of façades or perimeter walls; these mechanisms are activated even with medium-
energy earthquakes. In order to oppose shear mechanisms of inside walls, which collapse only 
with much stronger earthquakes, widespread and invasive tightening interventions are needed, 
which are consequently much more expensive.

The purpose of the intervention suggested by the Code of Practice does not consist in 
preventing the occurrence of the local damage, but in limiting movements leading to the collapse. 
Following this tailored approach, the seismic behaviour of the building is, paradoxically, more 
controllable than the behaviour of a building subject to a radical modi  cation by using different 
structural schemes and materials.

Even if this new tailored approach has a qualitative origin, in recent years structural models 
have been developed for a quantitative evaluation of the effectiveness of the interventions. These 
models are based on linear and nonlinear kinematic analysis; their use is suggested by recent 
standards (NTC2018, 2018) for the quantitative evaluation of the seismic safety of existing 
buildings and of seismic improvement interventions.

3.2. Short-term countermeasures on damaged heritage buildings
The studies on the Friuli earthquake damage provide a starting point for considering the 

effects of the progression of damage caused by aftershocks, as well as their potential implications 
in  rst response. The observations stressed the necessity to focus on the problem of safeguarding 
heritage buildings, to stop the activated mechanisms, and avoid the progression of damage in the 
short-term after the earthquake.

On occasion of the 2009 L’Aquila earthquake, the concepts of mechanism and the problem-
speci  c interventions were used to support the Italian National Fire Services in de  ning short-
term countermeasures for securing severely damaged historical buildings (Grimaz, 2011; Grimaz 
et al., 2016, 2018). A technical handbook and a vademecum of solutions (Grimaz et al., 2010a, 
2010b) were compiled and adopted by the Italian National Fire Services for securing damaged 
historical buildings in the post-earthquake emergency phase. In order to avoid the collapse during 
the aftershocks, the rapid interventions were conceived with the goal of inhibiting the activated 
mechanism using prede  ned standardized solutions (Fig. 9).

3.3. Lesson learnt from applications
After the 1997 Umbria-Marche and the 2004 Garda Lake earthquakes (Italy), the authors of 

this paper were extensively involved in monitoring and supervising safety improvement projects 
at regional scale. Immediately after the 2012 Emilia earthquake, they were also engaged in 
designing intervention on cultural heritage buildings. These wide-ranging supervision and design 
activities, directly related to applying the principles and approach introduced by the Code of 
Practice, allow us to de  ne a number of lessons learnt in terms of advantages and limitations of 
the tailored approach.

The following aspects summarize the advantages of the tailored approach for seismic 
improvement:
- the behaviour of the whole building does not change, since it does not introduce stiffness gaps or 

localized extra weights that could unbalance the response of a part of the construction;
- the devices aimed at inhibiting the mechanisms can be applied gradually and/or for parts, 

enabling to steadily reduce the vulnerabilities, working building by building or on portions of a 
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building. In this way, it is possible to reduce the problems deriving from the fragmentation of the 
buildings of historical centres with large blocks or aggregates.

- most interventions have a low or medium-low physical impact on the building, as most of them 
are localized and do not need extended actions; for this reason, no extensive demolitions of 
plasterwork and roofs with following new  nishes (e.g. plasterwork and  ooring) need to be 
made; this radically lowers the overall costs;

- most of the solutions are compatible with the owner’s requests to reduce the time in which they 
have to leave their houses;

- these interventions can be made together with extraordinary maintenance works of roofs, doors, 
and windows, reducing in this way the overall and construction site costs; they also have the 
highest compatibility with old city centres and historic buildings.

Nevertheless, practical experiences also highlight the following limits and disadvantages:
a) the method cannot be applied to some cases or situations:

- buildings that had already been restructured with different materials and techniques and 
through the integration of roofs and concrete tie beams; in these cases, a choice must be made 
between stiffening the building, if it is isolated from other constructions, or substituting the 
current elements;

- buildings already highly damaged or deteriorated;
- buildings with irregular ground plans or height;
- buildings made of walls with extremely low-quality construction and mechanical 

Fig. 9 - Shoring template and operating procedures. Steel tie back to prevent or counteract collapse mechanism (rotation 
and bulging of walls). Extract from the Vademecum STOP (Grimaz et al., 2010b).
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characteristics. They can indeed undergo disintegration of walls before the prevention 
mechanisms are activated. In these cases, a choice has to be made between strengthening 
through injections or substituting the walls;

b) the method does not de  ne precisely the collapse limits, in particular with earthquakes that 
release a lot of energy.
Considering advantages and limits, the practical experiences highlight how this approach 

allows reaching a reasonable compromise between the costs of intervention, safeguarding cultural 
heritage, and seismic vulnerability reduction.

4. Final considerations and conclusions 

The huge amount of documentation on the damage caused by the 1976 Friuli earthquake, in 
particular to churches and bell-towers, was studied with an innovative epidemiological approach. 
These studies, carried out from the middle of the 1980s until the 1990s, introduced the new 
method of analysis based on reading and interpreting seismic damage with a diagnostic objective, 
also taking account of the sings of the history of the building. This opened the way for studies on 
seismic vulnerability of the built heritage, based on systematic objective evidence and signi  cantly 
increased the ability to understand, from a technical perspective, the construction characteristics 
belonging to the historical heritage and of previous damage.

On the basis of these studies, after the 1997 Umbria-Marche earthquake, a Code of Practice for 
guiding the seismic improvement of historical buildings was drawn up and used as a key tool in the 
process of repair and reconstruction. The purpose of the Code of Practice was seismic prevention; 
assessment was conceived as the  rst step for the consequent identi  cation and realization of the 
interventions focused on risk reduction through the reduction of buildings vulnerability.

The applications highlight that the a posteriori analysis and the vulnerability characterization 
can be fruitfully used as a preventive tool to improve the safety of buildings with similar features 
and that have not yet been affected by earthquakes. The evidence, con  rmed also by recent 
earthquakes, suggests that for historical centres and for most of the architectural heritage, it 
is better to proceed with a systematic improvement based on qualitative standards, also taking 
into consideration the damage history before proceeding with improvements based solely on 
a structural calculation. Moreover, the lower costs of problem-speci  c solutions will allow to 
quickly expand the prevention to a greater number of buildings of the architectural heritage.

The philosophy of the improvement, especially for historical buildings, is also to safeguard 
as much as possible the original physiology of the building. This consideration played a leading 
role in the de  nition of the Code of Practice and in particular in the introduction of the “problem-
speci  c” approach based on the analysis of the mechanism of collapse and in the recent and 
current Italian national seismic codes.

The strategy of inhibiting the activated mechanism lies at the roots of the short-term 
countermeasures applied by Italian National Fire Services for securing historical buildings in the 
post-earthquake emergency phase.

Finally, we can af  rm that work carried out in the wake of the 1976 Friuli earthquake has 
proved fundamental, both to the knowledge of seismic behaviour of historical buildings and to 
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the formulation of effective and tailored improving interventions. Indeed, it started a new era in 
the approach to seismic improvement of existing buildings, which, today, also characterizes the 
more advanced seismic codes.
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2.1. Buildings and building code in Friuli before the 1976 earthquake
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2.2. The seismological situation in Friuli before the earthquake
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3. Projects financed by the regional Civil Protection
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4. Conclusions
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ABSTRACT  In Italy, after the 1976 Friuli earthquake, progressive improvements were made 
concerning the approach and the techniques for securing and recovering historical 
buildings and monuments damaged by the earthquakes. The University of Udine 
and the Italian National Fire Service have been developing techniques to safeguard 
cultural heritage and strategic buildings and have reached an expertise level in this 
 eld, nowadays recognized even internationally. Competence and expertise have been 

achieved by capitalizing on  experience with strong roots in Friuli (north-eastern Italy), 
which has leveraged on the synergy between science and practical application. The new 
techniques enabled safeguarding the cultural heritage during the seismic emergencies 
of L’Aquila (2009), Emilia (2012) and central Italy (2016). On the 40th anniversary 
of the earthquake in Friuli, an international training school in Seismic Emergency 
Response Management (SERM Academy) was instituted in Friuli to establish a 
training site for real-scale exercises, aimed at trying out new solutions and procedures 
for short-term countermeasures. The training site was established in Portis Vecchio, an 
abandoned village close to Venzone (Udine province), one of the towns most affected 
by the 1976 earthquake and a symbol of the reconstruction of Friuli.

Key words: seismic emergency, short-term countermeasures, 1976 Friuli earthquake, cultural heritage 
buildings.

1. Introduction

If an earthquake leaves a trail of destruction, that trail may also be the motivation for innovation 
and for future studies. Without doubt, this is  what happened after the 1976 Friuli earthquake (north-
eastern Italy). In fact, as a result and as a lesson learnt from the Friuli earthquake experience, there 
have been many advances in the scienti  c, technical, administrative and legislative  elds (Finetti 
et al., 1979; Grimaz et al., 1997; Benedetti, 2010). Signi  cant innovations have also been made  
in the seismic emergency response capability for securing buildings (countermeasures), starting 
from the immediate post-earthquake phase (short-term), and with a speci  c focus on cultural 
heritage buildings. 

The importance of “short-term countermeasures” to safeguard cultural heritage buildings 
during a seismic emergency was recognised in a sentence published on the of  cial website of 
the Municipality of Spilimbergo (Province of Pordenone, Italy): “On 6 May the violent shock of 
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the earthquake seemed to put an end to everything in a few seconds: the cathedral resisted even 
though it suffered serious damage, only the short-term countermeasures succeeded in rescuing it 
from the subsequent shocks of 15 September” (see www.comune.spilimbergo.pn.it). The sentence 
refers to the 1976 earthquake in Friuli and to the cathedral of Santa Maria Maggiore in Spilimbergo 
(an historical village, located in the most affected area by the earthquake), now restored to its 
former splendour. The 1976 Friuli earthquake was characterized by two main events: the  rst on 
6 May with magnitude ML 6.4 and the second with two main-shocks on 11 and on 15 September 
with ML 5.8 and 6.1, respectively (Luzi et al., 2017; Slejko, 2018). The above citation highlights 
that shoring a monumental or historical building damaged by an earthquake in order to avoid or 
contain the aggravation of damage in case of aftershocks or new events is a strategic response 
action. This action requires complex operations, not only from a technical point of view, but also 
concerning the safety of operators who intervene in extremely dangerous scenarios.

The collaboration between the SPRINT-Lab researchers of the University of Udine (hereinafter, 
SPRINT) and the Italian National Fire Services (in Italian, Corpo Nazionale dei Vigili del Fuoco, 
hereinafter, CNVVF) helped develop and progressively improve methods and techniques that 
were positively applied and tested during the seismic events that have recently affected the Italian 
territory (L’Aquila, 2009; Emilia, 2012; Garfagnana and Lunigiana, 2013; central Italy, 2016) 
and in international missions (Nepal, 2015; Ecuador, 2016). This expertise has been achieved 
thanks to learning from the experiences rooted in Friuli, and through the synergy between science, 
experience and application practice.

In the following sections, we describe brie  y the improvements in the  eld of short-term 
countermeasures, highlighting the scienti  c contribution given by SPRINT to the CNVVF.

2. The Italian experience in securing cultural heritage after earthquakes

Historical documental sources on earthquakes in Italy report on shoring interventions aimed 
at securing damaged buildings after the seismic events of Messina (1908), Avezzano (1915), 
Aquilonia and Lacedonia (1930), and Belice (1968) (Grimaz et al., 2010b). These works mainly 
used shoring techniques with wooden elements. Starting from the earthquake of Friuli in 1976, the 
use of new shoring techniques began, such as wall retention with metal ties and scaffolding-pipes. 
In this period, some important provisional construction work also on historical and monumental 
buildings started (a notable example is the one mentioned above regarding the cathedral of 
Spilimbergo). The positive results obtained with such interventions, in terms of their effectiveness 
during the aftershocks, demonstrated their importance in the  eld of safeguarding historic-
architectural heritage. The Irpinia earthquake, in 1980, saw the use of temporary constructions in 
wood and scaffolding-pipes to stabilize the façades of church and monumental buildings, but a 
major increase of attention to safeguarding cultural heritage occurred only after the 1997 Umbria-
Marche earthquake. In Umbria and Marche, the securing interventions on high structures (bell 
towers, towers, and church façades) commenced with operations using steel cables and polyester 
strips, being easy and quick to use in the operations at considerable heights. Shoring-up work 
was primarily carried out by private  rms, generally under the coordination of civil protection 
(Bellizzi, 2001; Dolce et al., 2006). These techniques were also adopted  during the Molise 
seismic emergency in 2002.
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In 2009, following the violent Abruzzo earthquake of 6 April the entire historic centre of 
L Aquila town was declared a "red zone", to be accessed only by rescue personnel. A large 
number of buildings, although without signi  cant damage, were declared unusable because they 
could not be reached safely or because they were close to other hazardous buildings or subject 
to other risk situations. A primary role was assigned to the CNVVF in the post-earthquake 
emergency management due to the complexity of the scenario, coupled with the urgency and the 
typology of security measures for the restoration of road accessibility and the preservation of 
the large number of historical and monumental buildings. This introduced a signi  cant change 
in the approach of securing buildings, moving from the management of each single intervention 
to a management plan based on an overall “urban shoring” process (Grimaz, 2011). A speci  c 
coordination unit for the planning and management of securing operations was set up within the 
CNVVF. This unit, which worked with the scienti  c support of SPRINT, designed standardized 
solutions, including compiling a handbook (Fig. 1) providing guidelines (Grimaz et al., 2010a), 
to make the construction of temporary interventions faster and safer. More than 400 (simple 
and complex) interventions (Cimbolli Spagnesi, 2014) were undertaken in the affected area, 
mainly on historical and monumental buildings. Some complex interventions were made in 
the city of L’Aquila  to safeguard the Spanish Castle, the church of Anime Sante, the church 
of Paganica, and in other monuments in the surrounding villages as, for example, the San 
Felice Martire church in Poggio Picenze (L Aquila province) and the church of Sant’Eusanio 
Forconese (L Aquila province). In the church of Anime Sante a sturdy steel structure, called 

Fig. 1 - Vademecum STOP. Shoring template and operating procedures for securing buildings damaged by earthquake. 
On the left: fact sheets for different standardized solutions. On the right: examples of STOP solutions.
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an “octopus”, was constructed to secure the dome (Fig. 2). At the Poggio Picenze church, an 
innovative solution, for the  rst time using carbon-  bres, was devised to brace the severely 
damaged bell tower (Fig. 3).

During the 2012 Emilia earthquake, the new standardized solutions facilitated the process 
of securing the buildings. The numerous interventions also highlighted the importance of a 
preparatory phase, i.e. the phase in which experts outline the general situation, recognize the 
critical problems and de  ne the priorities of intervention. Overall, in the Ferrara, Mantua, and 
Rovigo provinces, more than 120 provisional works were carried out on historical buildings. 
Many of these were complex operations on bell towers or domes of cathedrals and basilicas. 
Recently, after the 2016 central Italy earthquakes, 286 interventions were carried out to secure 
historical buildings and guarantee the safe use of roads in the affected area. The interventions 
were done after a very rapid preliminary phase to pinpoint critical situations and prioritize needs. 
One of the main works was on the San Benedetto basilica in Norcia (Perugia province) (Fig. 4). 
The central Italy earthquake also saw the introduction, as part of short-term countermeasures, of 
the controlled dismantling procedure for monumental buildings and artefacts. Specialized teams 
of the CNVVF dismantled about ten monuments or portions of them that were in precarious 
conditions, thus preserving the cultural heritage from certain destruction caused by potential 
aftershocks. The controlled dismantling enables the rebuilding of the monument at the end of 
the emergency phase, safeguarding the integrity of cultural heritage. Fig. 5 summarises the main 
improvements in the post-earthquake short-term countermeasures activities in Italy in the last 
century.

Fig. 2 - Short-term countermeasures for securing the dome of Anime Sante cathedral in L’Aquila after the 2009 Abruzzo 
earthquake, realized by CNVVF: a) damage situation of the dome; b) preparation of the “octopus” in a safe place; c) 
mounting operations by crane; d) in-place “octopus”; e) completed work.
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Fig. 3 - Short-term countermeasures for securing the bell tower of the San Felice Martire church of Poggio Picenze 
(L Aquila province) realized by CNVVF after the 2009 Abruzzo earthquake: a) damage situation of the bell tower; b) 
application of carbon-  bers for reinforcing the damage pillar; c) completed intervention.

Fig. 4 - Short-term countermeasures for securing the façade of the San Benedetto basilica in Norcia (Perugia province) 
after the 2016 central Italy earthquake: a) the damage situation after the 30 October 2016 main-shock; b) positioning 
by crane of the scaffold structure built in safety place; c) completed securing works.

a)

c) b)
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3. The scientifi c contribution to innovation and improvements

On occasion of the 2009 L’Aquila earthquake, an institutional collaboration began between 
CNVVF and SPRINT in the  eld of short-term countermeasures. This synergy between science 
and practice has led to signi  cant innovations in this  eld.  The main technical and organizational 
improvements are brie  y summarized in the following.

3.1. Technical innovations
The technical innovations to implement short-term countermeasures can be traced back to the 

following main aspects:

3.1.1. Standardization
After the L’Aquila earthquake, speci  c efforts were made to design and develop methods 

and techniques for making the securing operations at an urban scale more effective. In particular, 
the researchers of SPRINT standardized solutions and developed technical datasheets for sizing 

Fig. 5 - Main improvements in post-earthquake short-term countermeasures management in Italy.
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provisional devices such as retaining and supporting props, ties, rims, etc., including graphs and 
constructive details (connections between elements, fastenings, knots, etc.). The standardization 
led to drafting a handbook of technical sheets (called STOP vademecum) for  re-  ghters (Grimaz 
et al., 2010a). The STOP vademecum had a very positive impact both on the construction phases 
of short-term countermeasures and on the improvement of the safety conditions of the  re-  ghters 
during the interventions.

3.1.2. Safety and compatible solutions
The new solutions were conceived considering also the construction phases and the potential 

practical problems occurring to operators during the work. Speci  c attention was addressed to 
personnel safety. The STOP solutions were designed to permit the preparation of the structure, to be 
in a safe area as much as possible, and subsequently the installation with techniques that minimize 
the exposure time of personnel in hazardous areas. This attention to safety was a key element also 
during complex interventions, in particular on the occasion of 2012 Emilia earthquake, when the 
SPRINT researchers conceived and designed the innovative solution for securing the upper part 
of the cupola (in Italian “ghirlanda”) of the Santa Barbara basilica in Mantua, being seriously 
damaged by the main-shock of 29 May 2012 (Fig. 6); the intervention was at high altitude. The 
temporary work was planned in order to achieve both an increase in personnel safety during the 
mounting sequence (safety) and the realization of a securing structure that enabled the subsequent 
de  nitive reinforcement intervention without constraints (compatibility).

Fig. 6 - Short-term countermeasures for securing the cupola of Santa Barbara basilica in Mantua after the 2012 Emilia 
earthquake: a) preparation of scaffold parts in a safe place and mounting operations by CNVVF personnel; b) the steps 
of mounting are designed progressively increase the safety of operators.
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Fig. 7 – Construction stages of the experimental solution (trellis laterally anchored): a) initial situation of the old 
kindergarten with roadside facing wall; b) preparation of the trellis in a safe area; c) positioning the trellis with a crane; 
d) completed work with lateral anchoring steel wire tendons.

3.1.3. Experimentation of new solutions
The L’Aquila and Emilia experiences highlighted the problem of securing roads in unsafe 

conditions owing to damaged buildings facing the street. As a practical response to this question, 
in 2014, an innovative solution of short-term countermeasures was tested during a full-scale 
exercise "SERMex 2014" in Friuli.  During the exercise, SPRINT and CNVVF tested a new 
technique to brace a crumbling wall facing a road, whose potential collapse could cause a severe 
risk (Fig. 7). On the hazardous façade,  re-  ghters applied a wooden trellis retained by steel 
cables, designed by researchers of SPRINT, with the aim of avoiding, in the event of seismic 
shock, the collapse towards the street. The new solution was also conceived for reducing the 
operation time. This experimentation was a good test;  rstly because the structure was made in 
only two and a half days (in rainy conditions); secondly, because on 30 January 2015, the structure 
was stressed by a ML 4.1 earthquake  (Luzi et al., 2017) with its epicentre in Moggio Udinese 
(Udine province), only 6 km far from the construction site (Fig. 8). The ground motion caused 
the collapse of portions of the roof that fell inside the building. The containment work proved its 
full effectiveness, preventing the fall of material and structural parts on the road. This experience 
was a useful reference point for the securing activities during the 2016 central Italy earthquake.
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Fig. 8 - Natural testing of 30 January 2015: a) location of the earthquake epicentre of 30 January 2015 (yellow star), 
indication of the location of the site of the experimental work (red circle) and seismometric stations (blue and yellow 
triangles) with reported instrumental data; b) effects on the experimental structure caused by the event on 30 January 
2015. It is possible to note the collapse of the roof of the building internally and the good performance of the containment 
structure which prevented the collapse and fall of material on the road in front of the façade.

Fig. 9 – Controlled dismantling of the remaining parts of the bell tower of the Civic Tower of Amatrice (Rieti 
province), still standing after the main-shock of October 30, 2016: a) view of the intervention work from a distance; 
b) close up view.

3.1.4. Controlled dismantling
During the central Italy emergency, SPRINT researchers designed the procedures for 

dismantling the upper part of the bell tower (Torre Civica) of Amatrice (Rieti province), severely 
damaged by the earthquake of the 24 August 2016 (Fig. 9). This solution was introduced as a last 
resort to save the cultural heritage in very precarious conditions. The dismantling concept is based 
on the idea of anticipating the certain destruction caused by future seismic events, proceeding 
with a controlled dismantling of the precarious portions. The bell tower dismantling work was 
delayed because the removal of rubble had still not been authorised; just a few days before the 
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start of dismantling work the main shocks of 26 and 30 October, as expected, caused the collapse 
of most of the upper part of the tower. Moving on from this experience, about ten monuments 
underwent a controlled dismantling action, in the larger area affected by the latter shocks. In these 
cases, the portion of buildings and monuments were saved, thus permitting the future restoration 
and preservation of cultural heritage.

3.2. Organizational improvements
The organizational improvements to implement short-term countermeasures can be traced 

back to the following main aspects:

3.2.1. Rapid expert evaluations for decision-making support
During the 2012 Emilia earthquake, the need  to prioritize the interventions prompted  re-  ghters 

and researchers to introduce new strategies for the rapid assessment of structural criticalities. This 

Fig. 10 - Example of EMERMAPs produced by Scienti  c Unit of SPRINT during the international mission in Nepal 
2015.
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assessment process was conceived as a decision-making support tool, and for this reason, it was 
carried out using innovative technologies and computer applications devoted to mapping, assessing 
points and intervention priorities in real time. Emergency maps, called EMERMAPs (Fig. 10), 
allowed scheduling securing interventions and their implementation according to STOP standards. 
Thanks to this  rst experience, the SPRINT researchers developed speci  c forms for evaluating 
critical structural points of damaged buildings and for identifying the necessary countermeasures. 
The aim of the procedure and related tools was to acquire the essential elements for facilitating 
the decision-making process as quickly as possible. This procedure, called technical triage, 
was applied for the  rst time on a small scale in 2013 after the Garfagnana and Lunigiana 
earthquake (central Italy) and during the CNVVF international missions in Nepal, 2015 and 
Ecuador, 2016. Successively, the triage procedure has been extensively applied in 2016 in 
central Italy, allowing the assessment of more than 35,000 buildings (mainly in historical 
centres) in a few weeks.

3.2.2. New technologies to support evaluations
The collaboration between CNVVF and SPRINT permitted the experimentation of new 

supporting technologies for the rapid and safe evaluations in critical conditions. The multirotor 
drones were tried out for detailed evaluation of building damage and employed as a support for 
technical inspectors (Fig. 11). This technology enables analysing, from at a safe distance, tall 
structures such as bell towers and to investigate non-accessible or very dangerous areas. The use 
of drones, tested during the SERMex 2014 exercise in Friuli, was extensively applied in the whole 
affected area of the central Italy earthquake, with signi  cant bene  ts.

Fig. 11 - Use of drones to assess the safety conditions of buildings damaged by the earthquake:
a) the drone is piloted from a remote safe place; b) the drone investigates an area not visible from the ground.

3.2.3. Systemic organizational response
During the international missions in Nepal (2015) and Ecuador (2016), a new organizational 

solution was experimented for the real-time production of post-earthquake safety assessment 
reports and EMERMAPs, useful for planning short-term countermeasures.
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An innovative solution, based on the use of cloud and ICT technology, allowed splitting 
the phase of inspection from the elaboration and mapping. Thanks to this new organization, 
trained inspectors acquire data on site, and a remote scienti  c unit elaborates these data to 
create the EMERMAPs and reports almost in real time. During the Nepal (2015) mission, a 
technical team of 4  re-  ghters, with remote support of SPRINT researchers, evaluated the 
safety conditions of more than 90 UN strategic buildings, in ten days. Furthermore, the team 
assessed the critical points of the Patan Durbar UNESCO-protected site of Kathmandu and 
designed, using the STOP standard, urgent technical countermeasures for the protection of 
the main damaged monuments. The effectiveness of the operations received the explicit and 
formal appreciation of UNESCO. This led the CNVVF to establish a new technical-specialist 
system expressly devoted to managing the short-term countermeasures, called Short-term 
Countermeasures System (STCS) (Grimaz et al., 2016). The STCS operated extensively during 
the 2016 central Italy earthquake and permitted facing the complex scenario with an expertise 
and effectiveness unthinkable before.

3.3. Making the most of the experience by training and capacity building
Capitalizing on the experience in the  eld of short-term countermeasures has strong roots 

in Friuli. In the following part, we brie  y summarize the main steps that characterize this 
process.

3.3.1. The roots in the Friuli experience
In 2008, the University of Udine organized in Venzone (Udine province) a cycle of master 

courses on “seismic risk management” to address seismic risk management issues: prevention, 
emergency management, and reconstruction. The courses, named “SERM school”, aimed 
at capitalizing on the ''Friuli experience" on the scienti  c, technical and operational levels, 
involving administrators, experts, scholars, civil protection workers, and  re-  ghters. During 
the SERM courses, the small village of Portis Vecchio, close to Venzone, was chosen as a 
visiting site to directly analyse the seismic damage on buildings. Being severely damaged after 
the 1976 earthquake, the village was abandoned and relocated a little further north, because of 
serious landslide hazard in the area.

The SERM initiative and the Portis Vecchio village have close connections with the 
improvements on the short-term countermeasures described in the previous section. In fact, in 
2009, during one of the SERM courses, the L’Aquila earthquake occurred and the dramatically 
complex scenario was analysed in the classroom. These debates created the premises that inspired 
the researches of SPRINT on compiling the STOP vademecum for the standardization of short-
term countermeasures for securing the damaged buildings.

3.3.2. Specialist training and European projects
After the L’Aquila experience and the drafting of the STOP vademecum, in order to make the 

most  of the experience, CNVVF and SPRINT drew up a Manual for Short-term Countermeasures 
(STOP handbook) to be used for advanced training activities within the CNVVF (Grimaz et al., 
2010b).
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The STOP approach inspired the European project called DR-HOUSE (Dolce et al., 2012), 
coordinated by the National Civil Protection Department. The project led to the setting up of 
speci  c  re  ghting unit called STC (Short-Term Countermeasures) within the European 
Civil Protection Device. DR-HOUSE enabled establishing specialized teams trained for 
the implementation of the works according to the methodologies of the vademecum STOP. 
Subsequently, a second European project, called MATILDA (Multinational Module on Damage 
Assessment and Countermeasures) allowed de  ning interoperable international units for the 
construction of short-term countermeasures with STOP standards. The international team was 
involved in the ModEX international exercise, carried out in Tirolwerk (Austria) (www.youtube.
com/watch?v=WjLWX2EXRg0). Today, the STC unit is one of the of  cial units of the Voluntary 
pools of European Union.

3.3.3. A posteriori and on-  eld observations
Extensive evaluations were carried out after the 1976 Friuli earthquake both on the damage 

mechanisms of structures and on the temporary interventions mainly done on churches and bell 
towers (Doglioni et al., 1994). These a posteriori evaluations permitted the identi  cation of 
different classes of damage mechanisms and facilitated the standardization of the solutions for 
the stabilization of the structures. On-  eld observations were conducted after the 2009 L’Aquila 
earthquake to evaluate the infrastructure problems (Grimaz and Maiolo, 2010). These observations 
highlighted an increase of the  re hazard associated with the diffuse presence of gas pipelines also 
in historical centres and in historical buildings.

During the 2012 Emilia earthquake, speci  c observations focused on recognizing the effects 
of the ground motion on the damage of buildings, identifying the major importance of the vertical 
component of the ground motion in the damaging process of masonry structures, and especially 
on historical buildings. These effects were observed mainly in the near  eld area (Grimaz and 
Malisan, 2014). The observations suggested some variations in the procedure of construction of 
short-term countermeasures in order to take into account, for safety reasons, the ballistic effects 
on the trajectories of objects during their falling down, caused by the combination of horizontal 
ground motion component with a strong vertical component. The on-  eld observations also 
highlighted the effects of the progression of damage during the successive shocks (Grimaz and 
Malisan, 2017). This phenomenon, known as cumulative damage, plays a very important role in 
the process of planning the short-term countermeasures especially in red zone areas, where the 
damaged buildings have a greater susceptibility to collapse and where the collapse mechanisms 
are closely related to the damage caused by previous loads.

3.3.4. Full scale exercise in Friuli
In 2014, the CNVVF and researchers of SPRINT organized a national exercise in Friuli, close 

to Venzone. In order to emphasize the original link with the SERM school, the exercise was named 
SERMex 2014. The aim was to test the effectiveness of the new developed methods for evaluating 
the structural critical points through the triage procedure, and to test the rapid and effective 
management of new solution of short-term countermeasures. The exercise was also intended 
to try out, for the  rst time, the use of new remote sensing technologies to support emergency 
technical assistance (multirotor and  xed wing drones). The site chosen for the exercise was 
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Portis Vecchio of Venzone (Udine province), a “ghost village”, abandoned and unchanged after 
the 1976 earthquake. The “survivor” buildings are exactly as they were at the time of their  nal 
abandonment, creating a particularly suitable scenario for full-scale exercises for Civil Protection 
and Fire Services purposes.

 3.3.5. An international training school in Friuli: the SERM Academy
The exercise "SERMex 2014" fully con  rmed the suitability and uniqueness of the Portis 

Vecchio site for setting up a training camp. The site is particularly suited to host real-time 
exercises on the analysis of seismic failures, on urgent intervention techniques, for assessing 
the structural vulnerability and the safety of road and damaged buildings, and for testing the 
interoperability at regional, national and international scale. Its geographical location is also 
suitable for promoting cross-border, transnational and interregional cooperation in the  eld of 
civil protection. The real perspective is to establish an internationally valued site involving 
Austria and Slovenia in a project that can become a unicum at European level. In May 2016, 
on occasion of the 40th anniversary of the Friuli earthquake, these distinctive features led the 
Friuli Venezia Giulia Region, the CNVVF and the SPRINT to start up an international school 
for seismic emergency response management (SERM Academy). The site of Portis Vecchio 
will thus become a permanent training ground for a number of training activities related to the 
management of a seismic event, also with a view to improving cross-border interoperability 
between the different actors in the system of civil protection. A further full-scale exercise was 
done in September 2017 to test the improvements made after the last experience of central Italy. 
The focus is on improving the tools to simplify and standardize the link between the technical 
activities of CNVVF and the administrative acts of mayors aimed at establishing the red zones 
and declaring speci  c damaged buildings “unusable”.

4. Conclusions

Signi  cant improvements in the  eld of short-term countermeasures can be observed in 
the last decades, especially with regard to the securing operation of cultural heritage. These 
enhancements have been achieved through a careful process of capitalizing on experience with its 
roots in the 1976 Friuli earthquake and by leveraging on the synergy between science, experience, 
and practical application. The new approach and expertise have been applied and tested during 
the emergency management of earthquakes that have recently affected Italy and other countries.

Thanks to such progress, today,  re-  ghters, university researchers and cultural heritage 
administrators work together in a coordinated way with a common purpose: saving, as far as 
possible in a speci  c context, monuments and historical buildings. Moreover, the last major 
Italian earthquake (central Italy, 2016) con  rms the effectiveness of this approach, especially 
on the securing of cultural heritage buildings. The standardization of procedures has enabled 
establishing within the CNVVF a special unit for operating at international level and that is now 
an of  cial part of the voluntary pool of the European Union.

The SERM Academy has recently been set up following the 40th anniversary of the Friuli 
earthquake; it is an international training school on seismic emergency response management. 
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The school’s training site is based in Portis Vecchio of Venzone, and its main objective is to 
share the knowledge on short-term countermeasures after earthquakes as part of the emergency 
management, at national and international levels.

With the launch of the SERM Academy, it may be said that, forty years later, the Friuli 
earthquake is still teaching, both in technical terms but also from a methodological point of view. 
Indeed, the school is seeking to expand the coordinated and systemic response over borders, 
operating within a European civil protection vision. As a matter of fact, it is well known that 
country boundaries can stop people but cannot stop earthquake effects.
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ABSTRACT  In Italy, after the 1976 Friuli earthquake, progressive improvements were made 
concerning the approach and the techniques for securing and recovering historical 
buildings and monuments damaged by the earthquakes. The University of Udine 
and the Italian National Fire Service have been developing techniques to safeguard 
cultural heritage and strategic buildings and have reached an expertise level in this 
 eld, nowadays recognized even internationally. Competence and expertise have been 

achieved by capitalizing on  experience with strong roots in Friuli (north-eastern Italy), 
which has leveraged on the synergy between science and practical application. The new 
techniques enabled safeguarding the cultural heritage during the seismic emergencies 
of L’Aquila (2009), Emilia (2012) and central Italy (2016). On the 40th anniversary 
of the earthquake in Friuli, an international training school in Seismic Emergency 
Response Management (SERM Academy) was instituted in Friuli to establish a 
training site for real-scale exercises, aimed at trying out new solutions and procedures 
for short-term countermeasures. The training site was established in Portis Vecchio, an 
abandoned village close to Venzone (Udine province), one of the towns most affected 
by the 1976 earthquake and a symbol of the reconstruction of Friuli.

Key words: seismic emergency, short-term countermeasures, 1976 Friuli earthquake, cultural heritage 
buildings.

1. Introduction

If an earthquake leaves a trail of destruction, that trail may also be the motivation for innovation 
and for future studies. Without doubt, this is  what happened after the 1976 Friuli earthquake (north-
eastern Italy). In fact, as a result and as a lesson learnt from the Friuli earthquake experience, there 
have been many advances in the scienti  c, technical, administrative and legislative  elds (Finetti 
et al., 1979; Grimaz et al., 1997; Benedetti, 2010). Signi  cant innovations have also been made  
in the seismic emergency response capability for securing buildings (countermeasures), starting 
from the immediate post-earthquake phase (short-term), and with a speci  c focus on cultural 
heritage buildings. 

The importance of “short-term countermeasures” to safeguard cultural heritage buildings 
during a seismic emergency was recognised in a sentence published on the of  cial website of 
the Municipality of Spilimbergo (Province of Pordenone, Italy): “On 6 May the violent shock of 
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the earthquake seemed to put an end to everything in a few seconds: the cathedral resisted even 
though it suffered serious damage, only the short-term countermeasures succeeded in rescuing it 
from the subsequent shocks of 15 September” (see www.comune.spilimbergo.pn.it). The sentence 
refers to the 1976 earthquake in Friuli and to the cathedral of Santa Maria Maggiore in Spilimbergo 
(an historical village, located in the most affected area by the earthquake), now restored to its 
former splendour. The 1976 Friuli earthquake was characterized by two main events: the  rst on 
6 May with magnitude ML 6.4 and the second with two main-shocks on 11 and on 15 September 
with ML 5.8 and 6.1, respectively (Luzi et al., 2017; Slejko, 2018). The above citation highlights 
that shoring a monumental or historical building damaged by an earthquake in order to avoid or 
contain the aggravation of damage in case of aftershocks or new events is a strategic response 
action. This action requires complex operations, not only from a technical point of view, but also 
concerning the safety of operators who intervene in extremely dangerous scenarios.

The collaboration between the SPRINT-Lab researchers of the University of Udine (hereinafter, 
SPRINT) and the Italian National Fire Services (in Italian, Corpo Nazionale dei Vigili del Fuoco, 
hereinafter, CNVVF) helped develop and progressively improve methods and techniques that 
were positively applied and tested during the seismic events that have recently affected the Italian 
territory (L’Aquila, 2009; Emilia, 2012; Garfagnana and Lunigiana, 2013; central Italy, 2016) 
and in international missions (Nepal, 2015; Ecuador, 2016). This expertise has been achieved 
thanks to learning from the experiences rooted in Friuli, and through the synergy between science, 
experience and application practice.

In the following sections, we describe brie  y the improvements in the  eld of short-term 
countermeasures, highlighting the scienti  c contribution given by SPRINT to the CNVVF.

2. The Italian experience in securing cultural heritage after earthquakes

Historical documental sources on earthquakes in Italy report on shoring interventions aimed 
at securing damaged buildings after the seismic events of Messina (1908), Avezzano (1915), 
Aquilonia and Lacedonia (1930), and Belice (1968) (Grimaz et al., 2010b). These works mainly 
used shoring techniques with wooden elements. Starting from the earthquake of Friuli in 1976, the 
use of new shoring techniques began, such as wall retention with metal ties and scaffolding-pipes. 
In this period, some important provisional construction work also on historical and monumental 
buildings started (a notable example is the one mentioned above regarding the cathedral of 
Spilimbergo). The positive results obtained with such interventions, in terms of their effectiveness 
during the aftershocks, demonstrated their importance in the  eld of safeguarding historic-
architectural heritage. The Irpinia earthquake, in 1980, saw the use of temporary constructions in 
wood and scaffolding-pipes to stabilize the façades of church and monumental buildings, but a 
major increase of attention to safeguarding cultural heritage occurred only after the 1997 Umbria-
Marche earthquake. In Umbria and Marche, the securing interventions on high structures (bell 
towers, towers, and church façades) commenced with operations using steel cables and polyester 
strips, being easy and quick to use in the operations at considerable heights. Shoring-up work 
was primarily carried out by private  rms, generally under the coordination of civil protection 
(Bellizzi, 2001; Dolce et al., 2006). These techniques were also adopted  during the Molise 
seismic emergency in 2002.
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In 2009, following the violent Abruzzo earthquake of 6 April the entire historic centre of 
L Aquila town was declared a "red zone", to be accessed only by rescue personnel. A large 
number of buildings, although without signi  cant damage, were declared unusable because they 
could not be reached safely or because they were close to other hazardous buildings or subject 
to other risk situations. A primary role was assigned to the CNVVF in the post-earthquake 
emergency management due to the complexity of the scenario, coupled with the urgency and the 
typology of security measures for the restoration of road accessibility and the preservation of 
the large number of historical and monumental buildings. This introduced a signi  cant change 
in the approach of securing buildings, moving from the management of each single intervention 
to a management plan based on an overall “urban shoring” process (Grimaz, 2011). A speci  c 
coordination unit for the planning and management of securing operations was set up within the 
CNVVF. This unit, which worked with the scienti  c support of SPRINT, designed standardized 
solutions, including compiling a handbook (Fig. 1) providing guidelines (Grimaz et al., 2010a), 
to make the construction of temporary interventions faster and safer. More than 400 (simple 
and complex) interventions (Cimbolli Spagnesi, 2014) were undertaken in the affected area, 
mainly on historical and monumental buildings. Some complex interventions were made in 
the city of L’Aquila  to safeguard the Spanish Castle, the church of Anime Sante, the church 
of Paganica, and in other monuments in the surrounding villages as, for example, the San 
Felice Martire church in Poggio Picenze (L Aquila province) and the church of Sant’Eusanio 
Forconese (L Aquila province). In the church of Anime Sante a sturdy steel structure, called 

Fig. 1 - Vademecum STOP. Shoring template and operating procedures for securing buildings damaged by earthquake. 
On the left: fact sheets for different standardized solutions. On the right: examples of STOP solutions.
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an “octopus”, was constructed to secure the dome (Fig. 2). At the Poggio Picenze church, an 
innovative solution, for the  rst time using carbon-  bres, was devised to brace the severely 
damaged bell tower (Fig. 3).

During the 2012 Emilia earthquake, the new standardized solutions facilitated the process 
of securing the buildings. The numerous interventions also highlighted the importance of a 
preparatory phase, i.e. the phase in which experts outline the general situation, recognize the 
critical problems and de  ne the priorities of intervention. Overall, in the Ferrara, Mantua, and 
Rovigo provinces, more than 120 provisional works were carried out on historical buildings. 
Many of these were complex operations on bell towers or domes of cathedrals and basilicas. 
Recently, after the 2016 central Italy earthquakes, 286 interventions were carried out to secure 
historical buildings and guarantee the safe use of roads in the affected area. The interventions 
were done after a very rapid preliminary phase to pinpoint critical situations and prioritize needs. 
One of the main works was on the San Benedetto basilica in Norcia (Perugia province) (Fig. 4). 
The central Italy earthquake also saw the introduction, as part of short-term countermeasures, of 
the controlled dismantling procedure for monumental buildings and artefacts. Specialized teams 
of the CNVVF dismantled about ten monuments or portions of them that were in precarious 
conditions, thus preserving the cultural heritage from certain destruction caused by potential 
aftershocks. The controlled dismantling enables the rebuilding of the monument at the end of 
the emergency phase, safeguarding the integrity of cultural heritage. Fig. 5 summarises the main 
improvements in the post-earthquake short-term countermeasures activities in Italy in the last 
century.

Fig. 2 - Short-term countermeasures for securing the dome of Anime Sante cathedral in L’Aquila after the 2009 Abruzzo 
earthquake, realized by CNVVF: a) damage situation of the dome; b) preparation of the “octopus” in a safe place; c) 
mounting operations by crane; d) in-place “octopus”; e) completed work.
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Fig. 3 - Short-term countermeasures for securing the bell tower of the San Felice Martire church of Poggio Picenze 
(L Aquila province) realized by CNVVF after the 2009 Abruzzo earthquake: a) damage situation of the bell tower; b) 
application of carbon-  bers for reinforcing the damage pillar; c) completed intervention.

Fig. 4 - Short-term countermeasures for securing the façade of the San Benedetto basilica in Norcia (Perugia province) 
after the 2016 central Italy earthquake: a) the damage situation after the 30 October 2016 main-shock; b) positioning 
by crane of the scaffold structure built in safety place; c) completed securing works.

a)

c) b)
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3. The scientifi c contribution to innovation and improvements

On occasion of the 2009 L’Aquila earthquake, an institutional collaboration began between 
CNVVF and SPRINT in the  eld of short-term countermeasures. This synergy between science 
and practice has led to signi  cant innovations in this  eld.  The main technical and organizational 
improvements are brie  y summarized in the following.

3.1. Technical innovations
The technical innovations to implement short-term countermeasures can be traced back to the 

following main aspects:

3.1.1. Standardization
After the L’Aquila earthquake, speci  c efforts were made to design and develop methods 

and techniques for making the securing operations at an urban scale more effective. In particular, 
the researchers of SPRINT standardized solutions and developed technical datasheets for sizing 

Fig. 5 - Main improvements in post-earthquake short-term countermeasures management in Italy.
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provisional devices such as retaining and supporting props, ties, rims, etc., including graphs and 
constructive details (connections between elements, fastenings, knots, etc.). The standardization 
led to drafting a handbook of technical sheets (called STOP vademecum) for  re-  ghters (Grimaz 
et al., 2010a). The STOP vademecum had a very positive impact both on the construction phases 
of short-term countermeasures and on the improvement of the safety conditions of the  re-  ghters 
during the interventions.

3.1.2. Safety and compatible solutions
The new solutions were conceived considering also the construction phases and the potential 

practical problems occurring to operators during the work. Speci  c attention was addressed to 
personnel safety. The STOP solutions were designed to permit the preparation of the structure, to be 
in a safe area as much as possible, and subsequently the installation with techniques that minimize 
the exposure time of personnel in hazardous areas. This attention to safety was a key element also 
during complex interventions, in particular on the occasion of 2012 Emilia earthquake, when the 
SPRINT researchers conceived and designed the innovative solution for securing the upper part 
of the cupola (in Italian “ghirlanda”) of the Santa Barbara basilica in Mantua, being seriously 
damaged by the main-shock of 29 May 2012 (Fig. 6); the intervention was at high altitude. The 
temporary work was planned in order to achieve both an increase in personnel safety during the 
mounting sequence (safety) and the realization of a securing structure that enabled the subsequent 
de  nitive reinforcement intervention without constraints (compatibility).

Fig. 6 - Short-term countermeasures for securing the cupola of Santa Barbara basilica in Mantua after the 2012 Emilia 
earthquake: a) preparation of scaffold parts in a safe place and mounting operations by CNVVF personnel; b) the steps 
of mounting are designed progressively increase the safety of operators.
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Fig. 7 – Construction stages of the experimental solution (trellis laterally anchored): a) initial situation of the old 
kindergarten with roadside facing wall; b) preparation of the trellis in a safe area; c) positioning the trellis with a crane; 
d) completed work with lateral anchoring steel wire tendons.

3.1.3. Experimentation of new solutions
The L’Aquila and Emilia experiences highlighted the problem of securing roads in unsafe 

conditions owing to damaged buildings facing the street. As a practical response to this question, 
in 2014, an innovative solution of short-term countermeasures was tested during a full-scale 
exercise "SERMex 2014" in Friuli.  During the exercise, SPRINT and CNVVF tested a new 
technique to brace a crumbling wall facing a road, whose potential collapse could cause a severe 
risk (Fig. 7). On the hazardous façade,  re-  ghters applied a wooden trellis retained by steel 
cables, designed by researchers of SPRINT, with the aim of avoiding, in the event of seismic 
shock, the collapse towards the street. The new solution was also conceived for reducing the 
operation time. This experimentation was a good test;  rstly because the structure was made in 
only two and a half days (in rainy conditions); secondly, because on 30 January 2015, the structure 
was stressed by a ML 4.1 earthquake  (Luzi et al., 2017) with its epicentre in Moggio Udinese 
(Udine province), only 6 km far from the construction site (Fig. 8). The ground motion caused 
the collapse of portions of the roof that fell inside the building. The containment work proved its 
full effectiveness, preventing the fall of material and structural parts on the road. This experience 
was a useful reference point for the securing activities during the 2016 central Italy earthquake.



Short-term countermeasures during a seismic emergency Boll. Geof. Teor. Appl., 59, 559-574

 567

Fig. 8 - Natural testing of 30 January 2015: a) location of the earthquake epicentre of 30 January 2015 (yellow star), 
indication of the location of the site of the experimental work (red circle) and seismometric stations (blue and yellow 
triangles) with reported instrumental data; b) effects on the experimental structure caused by the event on 30 January 
2015. It is possible to note the collapse of the roof of the building internally and the good performance of the containment 
structure which prevented the collapse and fall of material on the road in front of the façade.

Fig. 9 – Controlled dismantling of the remaining parts of the bell tower of the Civic Tower of Amatrice (Rieti 
province), still standing after the main-shock of October 30, 2016: a) view of the intervention work from a distance; 
b) close up view.

3.1.4. Controlled dismantling
During the central Italy emergency, SPRINT researchers designed the procedures for 

dismantling the upper part of the bell tower (Torre Civica) of Amatrice (Rieti province), severely 
damaged by the earthquake of the 24 August 2016 (Fig. 9). This solution was introduced as a last 
resort to save the cultural heritage in very precarious conditions. The dismantling concept is based 
on the idea of anticipating the certain destruction caused by future seismic events, proceeding 
with a controlled dismantling of the precarious portions. The bell tower dismantling work was 
delayed because the removal of rubble had still not been authorised; just a few days before the 
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start of dismantling work the main shocks of 26 and 30 October, as expected, caused the collapse 
of most of the upper part of the tower. Moving on from this experience, about ten monuments 
underwent a controlled dismantling action, in the larger area affected by the latter shocks. In these 
cases, the portion of buildings and monuments were saved, thus permitting the future restoration 
and preservation of cultural heritage.

3.2. Organizational improvements
The organizational improvements to implement short-term countermeasures can be traced 

back to the following main aspects:

3.2.1. Rapid expert evaluations for decision-making support
During the 2012 Emilia earthquake, the need  to prioritize the interventions prompted  re-  ghters 

and researchers to introduce new strategies for the rapid assessment of structural criticalities. This 

Fig. 10 - Example of EMERMAPs produced by Scienti  c Unit of SPRINT during the international mission in Nepal 
2015.
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assessment process was conceived as a decision-making support tool, and for this reason, it was 
carried out using innovative technologies and computer applications devoted to mapping, assessing 
points and intervention priorities in real time. Emergency maps, called EMERMAPs (Fig. 10), 
allowed scheduling securing interventions and their implementation according to STOP standards. 
Thanks to this  rst experience, the SPRINT researchers developed speci  c forms for evaluating 
critical structural points of damaged buildings and for identifying the necessary countermeasures. 
The aim of the procedure and related tools was to acquire the essential elements for facilitating 
the decision-making process as quickly as possible. This procedure, called technical triage, 
was applied for the  rst time on a small scale in 2013 after the Garfagnana and Lunigiana 
earthquake (central Italy) and during the CNVVF international missions in Nepal, 2015 and 
Ecuador, 2016. Successively, the triage procedure has been extensively applied in 2016 in 
central Italy, allowing the assessment of more than 35,000 buildings (mainly in historical 
centres) in a few weeks.

3.2.2. New technologies to support evaluations
The collaboration between CNVVF and SPRINT permitted the experimentation of new 

supporting technologies for the rapid and safe evaluations in critical conditions. The multirotor 
drones were tried out for detailed evaluation of building damage and employed as a support for 
technical inspectors (Fig. 11). This technology enables analysing, from at a safe distance, tall 
structures such as bell towers and to investigate non-accessible or very dangerous areas. The use 
of drones, tested during the SERMex 2014 exercise in Friuli, was extensively applied in the whole 
affected area of the central Italy earthquake, with signi  cant bene  ts.

Fig. 11 - Use of drones to assess the safety conditions of buildings damaged by the earthquake:
a) the drone is piloted from a remote safe place; b) the drone investigates an area not visible from the ground.

3.2.3. Systemic organizational response
During the international missions in Nepal (2015) and Ecuador (2016), a new organizational 

solution was experimented for the real-time production of post-earthquake safety assessment 
reports and EMERMAPs, useful for planning short-term countermeasures.
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An innovative solution, based on the use of cloud and ICT technology, allowed splitting 
the phase of inspection from the elaboration and mapping. Thanks to this new organization, 
trained inspectors acquire data on site, and a remote scienti  c unit elaborates these data to 
create the EMERMAPs and reports almost in real time. During the Nepal (2015) mission, a 
technical team of 4  re-  ghters, with remote support of SPRINT researchers, evaluated the 
safety conditions of more than 90 UN strategic buildings, in ten days. Furthermore, the team 
assessed the critical points of the Patan Durbar UNESCO-protected site of Kathmandu and 
designed, using the STOP standard, urgent technical countermeasures for the protection of 
the main damaged monuments. The effectiveness of the operations received the explicit and 
formal appreciation of UNESCO. This led the CNVVF to establish a new technical-specialist 
system expressly devoted to managing the short-term countermeasures, called Short-term 
Countermeasures System (STCS) (Grimaz et al., 2016). The STCS operated extensively during 
the 2016 central Italy earthquake and permitted facing the complex scenario with an expertise 
and effectiveness unthinkable before.

3.3. Making the most of the experience by training and capacity building
Capitalizing on the experience in the  eld of short-term countermeasures has strong roots 

in Friuli. In the following part, we brie  y summarize the main steps that characterize this 
process.

3.3.1. The roots in the Friuli experience
In 2008, the University of Udine organized in Venzone (Udine province) a cycle of master 

courses on “seismic risk management” to address seismic risk management issues: prevention, 
emergency management, and reconstruction. The courses, named “SERM school”, aimed 
at capitalizing on the ''Friuli experience" on the scienti  c, technical and operational levels, 
involving administrators, experts, scholars, civil protection workers, and  re-  ghters. During 
the SERM courses, the small village of Portis Vecchio, close to Venzone, was chosen as a 
visiting site to directly analyse the seismic damage on buildings. Being severely damaged after 
the 1976 earthquake, the village was abandoned and relocated a little further north, because of 
serious landslide hazard in the area.

The SERM initiative and the Portis Vecchio village have close connections with the 
improvements on the short-term countermeasures described in the previous section. In fact, in 
2009, during one of the SERM courses, the L’Aquila earthquake occurred and the dramatically 
complex scenario was analysed in the classroom. These debates created the premises that inspired 
the researches of SPRINT on compiling the STOP vademecum for the standardization of short-
term countermeasures for securing the damaged buildings.

3.3.2. Specialist training and European projects
After the L’Aquila experience and the drafting of the STOP vademecum, in order to make the 

most  of the experience, CNVVF and SPRINT drew up a Manual for Short-term Countermeasures 
(STOP handbook) to be used for advanced training activities within the CNVVF (Grimaz et al., 
2010b).
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The STOP approach inspired the European project called DR-HOUSE (Dolce et al., 2012), 
coordinated by the National Civil Protection Department. The project led to the setting up of 
speci  c  re  ghting unit called STC (Short-Term Countermeasures) within the European 
Civil Protection Device. DR-HOUSE enabled establishing specialized teams trained for 
the implementation of the works according to the methodologies of the vademecum STOP. 
Subsequently, a second European project, called MATILDA (Multinational Module on Damage 
Assessment and Countermeasures) allowed de  ning interoperable international units for the 
construction of short-term countermeasures with STOP standards. The international team was 
involved in the ModEX international exercise, carried out in Tirolwerk (Austria) (www.youtube.
com/watch?v=WjLWX2EXRg0). Today, the STC unit is one of the of  cial units of the Voluntary 
pools of European Union.

3.3.3. A posteriori and on-  eld observations
Extensive evaluations were carried out after the 1976 Friuli earthquake both on the damage 

mechanisms of structures and on the temporary interventions mainly done on churches and bell 
towers (Doglioni et al., 1994). These a posteriori evaluations permitted the identi  cation of 
different classes of damage mechanisms and facilitated the standardization of the solutions for 
the stabilization of the structures. On-  eld observations were conducted after the 2009 L’Aquila 
earthquake to evaluate the infrastructure problems (Grimaz and Maiolo, 2010). These observations 
highlighted an increase of the  re hazard associated with the diffuse presence of gas pipelines also 
in historical centres and in historical buildings.

During the 2012 Emilia earthquake, speci  c observations focused on recognizing the effects 
of the ground motion on the damage of buildings, identifying the major importance of the vertical 
component of the ground motion in the damaging process of masonry structures, and especially 
on historical buildings. These effects were observed mainly in the near  eld area (Grimaz and 
Malisan, 2014). The observations suggested some variations in the procedure of construction of 
short-term countermeasures in order to take into account, for safety reasons, the ballistic effects 
on the trajectories of objects during their falling down, caused by the combination of horizontal 
ground motion component with a strong vertical component. The on-  eld observations also 
highlighted the effects of the progression of damage during the successive shocks (Grimaz and 
Malisan, 2017). This phenomenon, known as cumulative damage, plays a very important role in 
the process of planning the short-term countermeasures especially in red zone areas, where the 
damaged buildings have a greater susceptibility to collapse and where the collapse mechanisms 
are closely related to the damage caused by previous loads.

3.3.4. Full scale exercise in Friuli
In 2014, the CNVVF and researchers of SPRINT organized a national exercise in Friuli, close 

to Venzone. In order to emphasize the original link with the SERM school, the exercise was named 
SERMex 2014. The aim was to test the effectiveness of the new developed methods for evaluating 
the structural critical points through the triage procedure, and to test the rapid and effective 
management of new solution of short-term countermeasures. The exercise was also intended 
to try out, for the  rst time, the use of new remote sensing technologies to support emergency 
technical assistance (multirotor and  xed wing drones). The site chosen for the exercise was 
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Portis Vecchio of Venzone (Udine province), a “ghost village”, abandoned and unchanged after 
the 1976 earthquake. The “survivor” buildings are exactly as they were at the time of their  nal 
abandonment, creating a particularly suitable scenario for full-scale exercises for Civil Protection 
and Fire Services purposes.

 3.3.5. An international training school in Friuli: the SERM Academy
The exercise "SERMex 2014" fully con  rmed the suitability and uniqueness of the Portis 

Vecchio site for setting up a training camp. The site is particularly suited to host real-time 
exercises on the analysis of seismic failures, on urgent intervention techniques, for assessing 
the structural vulnerability and the safety of road and damaged buildings, and for testing the 
interoperability at regional, national and international scale. Its geographical location is also 
suitable for promoting cross-border, transnational and interregional cooperation in the  eld of 
civil protection. The real perspective is to establish an internationally valued site involving 
Austria and Slovenia in a project that can become a unicum at European level. In May 2016, 
on occasion of the 40th anniversary of the Friuli earthquake, these distinctive features led the 
Friuli Venezia Giulia Region, the CNVVF and the SPRINT to start up an international school 
for seismic emergency response management (SERM Academy). The site of Portis Vecchio 
will thus become a permanent training ground for a number of training activities related to the 
management of a seismic event, also with a view to improving cross-border interoperability 
between the different actors in the system of civil protection. A further full-scale exercise was 
done in September 2017 to test the improvements made after the last experience of central Italy. 
The focus is on improving the tools to simplify and standardize the link between the technical 
activities of CNVVF and the administrative acts of mayors aimed at establishing the red zones 
and declaring speci  c damaged buildings “unusable”.

4. Conclusions

Signi  cant improvements in the  eld of short-term countermeasures can be observed in 
the last decades, especially with regard to the securing operation of cultural heritage. These 
enhancements have been achieved through a careful process of capitalizing on experience with its 
roots in the 1976 Friuli earthquake and by leveraging on the synergy between science, experience, 
and practical application. The new approach and expertise have been applied and tested during 
the emergency management of earthquakes that have recently affected Italy and other countries.

Thanks to such progress, today,  re-  ghters, university researchers and cultural heritage 
administrators work together in a coordinated way with a common purpose: saving, as far as 
possible in a speci  c context, monuments and historical buildings. Moreover, the last major 
Italian earthquake (central Italy, 2016) con  rms the effectiveness of this approach, especially 
on the securing of cultural heritage buildings. The standardization of procedures has enabled 
establishing within the CNVVF a special unit for operating at international level and that is now 
an of  cial part of the voluntary pool of the European Union.

The SERM Academy has recently been set up following the 40th anniversary of the Friuli 
earthquake; it is an international training school on seismic emergency response management. 
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The school’s training site is based in Portis Vecchio of Venzone, and its main objective is to 
share the knowledge on short-term countermeasures after earthquakes as part of the emergency 
management, at national and international levels.

With the launch of the SERM Academy, it may be said that, forty years later, the Friuli 
earthquake is still teaching, both in technical terms but also from a methodological point of view. 
Indeed, the school is seeking to expand the coordinated and systemic response over borders, 
operating within a European civil protection vision. As a matter of fact, it is well known that 
country boundaries can stop people but cannot stop earthquake effects.
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ABSTRACT  The 40th anniversary of the 1976 Friuli earthquakes has been an opportunity to revitalise 
the memory and awareness of living in an earthquake prone country. Among several 
activities we organised, a placement test on past and actual natural hazards was proposed 
to the students visiting the Udine seismological laboratory. The test was compiled by 
422 students and 35 teachers from middle-high schools of Friuli-Venezia Giulia in 
anonymous form and on a voluntary basis. The sample includes both municipalities 
heavily damaged in 1976, and localities with light or no damage. The answers clearly 
show that the knowledge about the facts of the 1976 earthquakes (where, how long) is 
inadequate, with 11-13% right answers: better known is the social impact (deaths, 35%). 
Young people have a vague perception about the major natural hazard they are exposed 
to, and the answers are often in  uenced by false beliefs. All interviewees underestimate 
the frequency for devastating events in Italy. The good news is that students have a 
realistic awareness of the vulnerability of their school, are conscious of the risks of 
non-structural elements, and well trained to react during an emergency. Conversely, the 
concept of seismic prevention by reinforcing and retro  tting buildings is overlooked. As 
the memory of earthquakes vanishes in one generation only, the efforts in seismic risk 
communication have to be strengthened.

Key words: Friuli 1976, facts about earthquakes, natural hazards preparedness, seismic risk perception, 
memory of catastrophe.

1. Introduction

In 1976, a devastating seismic sequence occurred in north-eastern Italy, with a ML 6.4 event on 6 
May that killed about 1,000 people in the rural area of central Friuli region. The major seismic activity 
nucleated eastwards of the most damaged villages of Gemona del Friuli, Osoppo and Venzone, then 
migrated in September towards WNW and lasted about a year (Slejko et al., 1999; Aoudia et al., 
2000; Slejko, 2018). The remarkable post-earthquake recovery conducted in the following decades 
represents, beyond the tragedy, a turning point that deeply transformed that region. Nevertheless, after 
forty years, the memory of a community fades, tied to the survivors of the earthquake, and the new 
generations have little knowledge of the catastrophic event that has changed the history of the places 
where they live. Commemorations are, therefore, a good opportunity, especially for the youngs, 
to remember the seismic history and to raise the awareness of living in an earthquake prone area.
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The Centro di Ricerche Sismologiche (CRS) of the Istituto Nazionale di Oceanogra  a e 
di Geo  sica Sperimentale (OGS), established by the Italian government (Law n. 828/82) for 
monitoring the seismicity of north-eastern Italy (e.g. Priolo et al., 2005; Bragato et al., 2011), has 
also been engaged in educational campaigns on seismic risk issues, both at the local and national 
scale (e.g. Camassi et al., 2005; Camassi and Peruzza, 2011; Saraò et al., 2013, 2016b; Peruzza et 
al., 2016b; Postiglione et al., 2016; Barnaba et al., 2017).

During previous Friuli earthquake anniversaries, we published informative materials (Fig. 
1) about the 1976 earthquakes for various audiences (e.g. Peruzza, 2000; Peruzza and Slejko, 
2001, 2006; Peruzza et al., 2006); for the 40th anniversary, CRS has intensi  ed the dissemination 
activities. Thus, we held numerous public lectures on the 1976 earthquake and seismic risk topics 
in different towns of the Friuli-Venezia Giulia (FVG) area, and we ensured a constant presence in 
the local media, i.e. newspaper articles, television interviews, talk shows, social media (Fig. 2a), 
with the aim of reaching a wide public, in terms of age and cultural level (Saraò et al., 2016a). 
In April 2016, while hosting an international workshop on seismometric networks and seismic 
monitoring, we inaugurated the new building at the CRS headquarters in Udine, in the presence of 
the local authorities and with major coverage of these events in the local press (Fig. 2b).

In 2016, we increased the offer for the school visits, an activity we perform routinely to involve 
students as active participants in the seismic risk mitigation process; the motto chosen for the schools 
campaign was “Orcolat in our Net” (Fig. 3a), the Orcolat being a ugly ogre of a local popular legend 

Fig. 1 - In 2001 and 2006 (25th and 30th anniversaries), about 10,000 CD-Roms (on the left) and 70,000 brochures (right) 
were distributed with local newspapers and during special events, to disseminate scienti  c and updated knowledge 
about Friuli earthquakes to different audiences.



Elapsed time: 40 years Boll. Geof. Teor. Appl., 59, 575-588

 577

Fig. 2 - Snapshots of some activities performed by the CRS researchers in early 2016: a) a massive presence in the 
media (TV, radio, newspapers, social media) was ensured to commemorate the Friuli earthquake anniversary and to talk 
about the seismic hazard and risk of FVG. Videos are accessible on Facebook at https://www.facebook.com/ogscrs; b) 
some pictures of the international workshop and of the inauguration of the new CRS of  ces in Udine on 19 April, 2016.

Fig. 3 - The CRS educational campaign of early 2016 was dedicated to schools: a) the logo of the campaign sketches 
the stations geometry of the CRS seismic network in FVG, imprisoning the Orcolat, the ogre of the popular tradition 
responsible for earthquakes; b) the online blog (https://versoi40anni.wordpress.com/) opened to collect materials and 
news about the anniversary activities.

who causes the earthquakes in Friuli; after 1976 Orcolat became the synonym of that devastating 
event, while the Net refers to the CRS seismometric network monitoring the Orcolat.

Our activities with students began early in May 2015, with a video-lesson [“Dialogo sul 
terremoto” available on Youtube https://www.youtube.com/watch?v=bTy60XuLdVA] during 
which a group of students interacted with CRS staff, in a kind of quiz game that started from 
some facts related to the 1976 earthquakes. This content, and other activities carried out during 
the campaign were published on a blog website (Fig. 3b, https://versoi40anni.wordpress.com). At 
the beginning of the 2015-2016 school-year, we opened the registrations - sold out in few days - 
for the school visits to the CRS labs; thus from February to May 2016, once a week, we welcomed 
more than 600 students to our headquarters in Udine (Fig. 4), and encountered about the same 
number of students in their own schools or at fairs. The visits were proposed en liaison with a 
tour to the “Tiere Motus”1 museum in Venzone, the extraordinary historical town completely 
destroyed during the 1976 seismic sequence, then rebuilt as it was.

1   “Tiere Motus” is an exhibition collecting earthquake testimonies devoted to the victims, the emergency 
workers and to all those who supported Friuli reconstruction.
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The opportunity to meet so many students before the commemorations motivated us to 
check what young people really know about the earthquake that had shocked the lives of their 
grandparents and changed the history of their territory. So, we asked the teachers administering 
a survey as a placement test, before the class listened to the lectures given during the visit at our 
laboratory.

The analysis of the survey’s answers is the topic of this work.

Fig. 4 - Some snapshots of the school visits at the CRS headquarters in Udine during the period February - May 2016.
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2. The survey

The questionnaire has been conceived with no requirements about students’ background knowledge 
or speci  c earthquake lectures, and it has been proposed to the students through their teachers when 
booking the visit to our laboratory. The survey is organized into 10 questions, tackling the basic areas 
of knowledge, skills and abilities, as shown in Fig. 5; three questions concern the facts about the 
1976 earthquake sequence, three are planned to scan the student’s perception of natural hazards at the 
local and Italian scale, four items are related to their experience and abilities concerning earthquakes. 
All the questions have closed answers, except the last one. Some additional information about the 
interviewees was also collected, but the form compilation (online or printed) was anonymous.

The survey forms, in Italian and English (the second one is not yet used) and the related QR 
codes, are given as supplementary materials; they are still occasionally compiled online.

The main problems encountered when drafting the questions concern the lexicon and the usage 
of some speci  c terms whose understanding can be very dissimilar, depending on the students’ 
ages and curricula. Therefore, we formulated the questions in the simplest possible way, trying to 
avoid technical jargon.

The form, optimized for mid-high school students (aged 13-19 years), has been proposed by 
some teachers to young pupils (e.g. last year of primary school, 10 years old), but we consider it 
as acceptable for adults with an average education too.

Sometimes the question formulation does not refer explicitly to the concepts in which we 
are interested in. For example, in question no. 1, we do not mention the term “hypocentre” (that 
implies prerequisite knowledge of what an epicentre/hypocentre is), but the “location” proposed 
in the answers refers to well-known towns, associated with a depth value. This artefact drives 
the compiler towards some reasoning about the plausible depth of earthquakes in Friuli region. 
Similarly, in questions no. 5 and no. 6 we skipped quantifying the earthquake size in terms of 
magnitude or intensity; even if these are very basic concepts in seismology, most people do not 
handle properly the differences between the measure of the energy released by an earthquake, and 
the classi  cation of damages or effects observed at the Earth’s surface; by allowing this ambiguity 

Fig. 5 - Schematization of the 10-question survey prepared for the educational campaign in the 40th Friuli earthquake 
anniversary. The full list of questions is given in Italian and in English as supplementary materials.



Boll. Geof. Teor. Appl., 59, 575-588  Peruzza et al. 

580

in the question, we believe the answers may sample different cognitive skills of the interviewees, 
or re  ect a wide area of personal interpretation of beliefs and truths.

Last but not least:
1. the quanti  cation of casualties is not given by absolute numbers, but in relationship with other 

recent events in Italy and abroad (data as in mid-2015 when the educational campaign started, 
updated in 2017 for the online form);

2. the answer “I do not know” is necessary to avoid a selection by chance.
The surveys were  lled by the students before visiting our labs, between February and May 2016, 

i.e. before the major commemorations of the Friuli earthquake anniversary, culminated during the 
week of 6 May, to limit the contaminations due to the media pressure. Out of about 600 visiting 
students, the test was compiled on a voluntary basis by 422 students and 35 teachers from middle and 
high schools. The distribution of the answers for age and for school locations in FVG is given in Fig. 6; 
about ¼ of the 457 forms was compiled on paper, as Internet facilities are partially available at school.

3. Results: the long and winding road of Science

The results of the survey show that the Generation Z, i.e. people born between the mid-1990s 
and the mid-2000s, has vague or distorted scienti  c notions about the 1976 earthquakes, while the 
social impact is slightly better known. In Fig. 7 the histograms represent the distribution of the 

Fig. 6 - The survey took place from February to May 2016: a) distribution of the 457 answers by ages; b) number of the 
student surveys by localities: Trieste (TS) and Udine (UD) are the most represented towns for the school visits at CRS 
lab; c) location map of the towns listed in b). They represent different levels of seismic hazard, as shown by the regional 
seismic zonation adopted in 2010 (see also Peruzza and Pessina, 2016).
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students’ answers for the facts about the 1976 earthquakes; the right answers are plotted in green. 
“Where” (question no. 1) and “How long” (question no. 2) was the Friuli sequence is correctly 
answered by 11% (Fig. 7a) and 13% (Fig. 7b) of the interviewees only; “Deaths” (question no. 3) 
by 35% (Fig. 7c); slightly worse performances for age below 16, and better ones in epicentral area 
for all but the “Where” question. The “I do not know” answers have similar percentages to the right 
ones; the logic skills seem to help the eldest students (e.g. the shallow depth, in question no. 1), but 
many students, during the visit, declared they discarded some options not by following a logical 
thinking, but on the basis of the emotional impact of the answers (e.g. 20 times the Emilia’s deaths 
sounds the highest number among the available choices, whilst it is the smallest one).

Question no. 1 (where) is a typical example of the dif  culties in disseminating new scienti  c 
 ndings out of a specialised audience. The days after the earthquake of 6 May, newspapers 

reported Mt. San Simeone as being the epicentre of the main shock. Maps and images published 
immediately after the event (Finetti et al., 1976) were, and still are recursively used by the 
newspapers. Then new, more accurate, seismological  ndings about the 1976 earthquakes became 
available (e.g. Slejko et al., 1999; Aoudia et al., 2000); the epicentre of the main shock was 
moved eastwards with respect to Mt. San Simeone, the very  rst epicentral location mentioned 
by the press, and approximately the barycentre of the most severely damaged area. Nevertheless, 
despite many articles in magazines and newspapers, the CDs and special brochures published in 
2001 and 2006 (as mentioned in Fig. 1), several public conferences and activities with school, 
the survey has demonstrated the persistence of the  rst information: subsequent updates, carrying 
more precise scienti  c information than before do not reach the wide public and the most quoted 
location of the 6 May 1976 earthquake is still at Mt. San Simeone [see more details in Santulin 
et al. (2018)].

As regards the second group of questions on natural hazards, the answers revealed that, in 
general, young people in FVG are not properly aware of the natural danger they are exposed to. 
Students were asked (question no. 4) to select the most relevant hazard in the municipality of their 

Fig. 7 - Histograms of the students’ answers given 
about the 1976 earthquakes facts: a) question no. 
1, concerning location; b) no. 2, duration of the 
seismic sequence; c) no. 3, casualties. In green the 
correct answers.
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school: earthquakes, landslides, and  oods are on average the most represented phenomena (see 
Table 1), and this is right for FVG [for an overview of the natural risks in FVG see the report of 
Regione Autonoma Friuli Venezia Giulia (2015)]. However, if we disaggregate the mean values 
in percentages for sites, we argue that sometimes there is a rationale, but also some answers not 
supported by a realistic vision of the environment: for example there are different and unjusti  ed 
perceptions of earthquake risk for nearby locations (see sites 3 and 6, or 2 and 4 with a scatter of 
25%). Trieste, site 1, has the highest value for landslide hazard (twice that of site 7, Tolmezzo, 
a town surrounded by mountains with numerous landslides), maybe because of the presence of 
hills in Trieste or for some occasional news in the local media about road interruptions caused 
by retaining wall collapses or rock falls, ascribed by students to landslide phenomena; tsunami is 
the main natural hazard for 8% of the students, although there are no reliable testimonies of past 
tsunamis along the coast of FVG. Note also that tsunami is selected by some students in localities 
that are 20-50 km far away from the coastline. With the cautions needed for statistics on small 
samples, these data suggest that sometimes students lack basic concepts of hazard and risk about 
the place where they live, and ignorance or concepts by image association (e.g. sea = tsunami, 
hills = landslide) prevail.

The beliefs about the frequency of earthquakes occurrence (question no. 5 and no. 6) span 
decennials, centuries, thousands of years: the age of the interviewees, or their location with 
respect to the 1976 epicentral area do not matter. Trying to avoid the quicksand of magnitude/
intensity scales de  nition, we asked about the occurrence of “events like the 1976 earthquake”. 
We know that this was a trick question, mainly for two reasons: 1) the seismic energy release 
and the related damages do not always correspond; 2) the earthquake statistics - basically, the 
ones provided on earthquakes catalogues - have to deal with uncertainties (in size and location of 
earthquakes), incompleteness of records, representativeness of the time window with respect to 
clustering/quiescence phenomena, and so on. We are aware that all these matters are not handled 
with ease by scientists, and therefore are quite dif  cult to understand by the generic public. Thus, 
the following considerations on earthquakes statistics are just orientational. The Parametric 
Catalogue of Italian Earthquakes (CPTI15) by Rovida et al. (2016) assigns to the 6 May 1976 

Table 1 - Major natural 
hazard statistics in the 
municipality of the schools: 
total percentages of answers 
(column %), and percentages 
disaggregated for sites (see 
their location in Fig. 6).
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event a M = 6.45, and epicentral intensity Io = IX-X MCS; with reference to about 700 year long 
seismic history (the completeness, even for major earthquakes, is not guaranteed before the XIV 
century), CTPI15 reports 40 events occurring in Italy with M  6.45 and 53 earthquakes with Io 

 IX-X MCS; for the FVG, there are 2 similar sized earthquakes (in 1348 and 1976), or 4 (1511, 
1873) if we account for uncertainties in the magnitude and the geographical assignment. Thus, 
this trivial counting suggests a frequency of 1 event in 13-17 years for Italy and one in 175-350 
years for FVG.

In the survey’s results (Fig. 8), the frequency of occurrence for earthquakes like the 6 May 
1976 event are peaked on a lifetime period (1 in 50 years) in both the histograms referring to 
FVG, and to the whole country. About the same percentage of students assigned rare events 
(1 in 500 years) to FVG, and frequent events (1 in 5 years) to Italy. Comparing these numbers 
with the earthquake reported in CPTI15, there is some overestimation of devastating earthquake 
frequency for FVG, and a clear underestimation of earthquake occurrence for Italy. Beyond the 
proper quanti  cation of earthquakes frequency, the comparative trend of the two answers is the 
most signi  cant result: about 53% of the students gave the same class of frequency - no matter 
which one - to earthquakes in the whole of Italy and in FVG region, thus demonstrating they 
are not familiar with the concept that an earthquake is more likely to occur, the larger the area 
is to take into account. However, the underestimation of Italian earthquake frequency affects the 
teachers’ sample too.

Concerning experience and skills (question no. 7), the students in FVG have not experienced 
earthquakes at all (48%, see Fig. 9a), or they have experienced very weak motions such that they 
did not realise immediately it was an earthquake (27%). The perception of safety at their school 
(question no. 8, total answers given on a 5-steps Likert scale in Fig. 9b) spans all the available 
choices (56 and 30 samples, respectively, for the extremes, totally unsafe and fully safe), but 
it is well correlated with intuitive vulnerability considerations based on the age/maintenance 

Fig. 8 - Histograms of the students’ answers about the earthquake frequency in the FVG region and in the whole Italian 
territory: about 53% of interviewees selected the same value (no matter which one) for both cases.
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conditions of the school buildings, that we are able to track by the additional information we 
collected from the compilers.

The students have a realistic awareness of the risky elements of their school (question no. 
9): they are conscious that both human reactions and non-structural elements may be the main 
danger in case of earthquakes at school; “Panic attack, crowd” is at the top in the risky elements 
addressed, followed by “False ceilings, lamps, windows” and “Staircases, elevators”.

Question no. 10, the last, is an open one, and students were asked to list two actions for a 
“defence” against earthquake. The answers are summarised through a word cloud in Fig. 10. They 
all answered with actions to take during an earthquake emergency, and some wrong or fatalistic 
attitudes (e.g. run) emerge. Only one student, nicknamed by us “the wannabe engineer”, noted 
preventive actions, such as strengthening of buildings.

We summarised the main results of our survey in an info-graphic chart (Fig. 11), that has been 
distributed at the conference where this work was originally presented (Peruzza et al., 2016a), and 
in other public meetings.

Fig. 9 - Students direct experience with earthquakes (question no. 7, on the left) and their perception about safety in the 
school buildings (no. 8 on the right).

Fig. 10 - Word clouds of the actions to be taken for a defence against earthquakes. a) original answers, in Italian; b) 
translated into English.
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4. Conclusions and perspectives

The 1976 Friuli earthquakes have been commemorated recurrently and with important efforts, 
by institutions and common people; the survey on students that we performed in the frame of the 
40th anniversary was a check on the persistence of the cultural traces of earthquakes in a region 
that experienced a catastrophic event, followed by an exemplary recovery after the devastation. 
The 457 answers collected in early 2016 tell us that the generation born in this millennium is 
losing the knowledge about the earthquakes that affected their parents or grandparents, and the 
memory of the facts is dominated by the most repeated, familiar but sometimes incorrect beliefs.

On average, the earthquakes are considered the major natural hazard in FVG for all 
municipalities except Trieste, mainly affected by landslides, in students’ opinions, with large 
 uctuations in nearby localities. The frequency of devastating earthquakes at the Italian scale 

is underestimated by students and teachers. We acknowledge the dif  culty in formulating good 
questions about the frequency of earthquakes, without introducing more complex concepts that 
involve the scales for measuring earthquakes, the uncertainties associated with the measurement, 
the basic comprehension of the differences between energy release and damages, natural hazard 
and risk. Some other shortcomings in lexicon or basic logic also emerged from the answers.

Even if the students have no direct experience of earthquakes, they addressed correctly the 
risky elements at schools. Sadly, the defence against earthquake for the students in FVG is linked 
only to the emergency phases; some fatalism survives, and no prevention strategies are addressed.

The commemoration of the 1976 Friuli anniversary has been dramatically interrupted by 
the occurrence, since 24 August 2016, of a new devastating seismic crisis in central Italy. The 
priorities have thus changed: the need to assist, recover and rebuild has driven the actions of Civil 
Defence Department volunteers, scienti  c personnel, side by side to the hit population.

In the subsequent school year 2016-2017, the questionnaire was proposed during other activities 
with schools (e.g. while promoting the earthquake drill known as “The Great SHAKE OUT”, https://
www.shakeout.org), collecting about 250 more answers, mainly from Trieste. The post-anniversary 
compilations show negligible changes with respect to the data set collected in early 2016, except for 
an increase in the “I do not know” answers about the casualties of the Friuli earthquake (question 
no. 3), and the pole-position gained by “frequent” devastating events in Italy (question no. 6). We 
believe that these answers were driven by the emotional impact of the 2016 central Italy sequence; 
the improvement in knowledge about the Friuli earthquake, as a consequence of the 1976 Friuli 40th 
anniversary cannot be detected by this additional sample. As observed for other recent earthquakes 
(Crescimbene et al., 2012), such a consideration con  rms once more the dif  culties of the scienti  c 
community to draw the attention of people to earthquake related facts in the absence of that emotive 
involvement raised soon after the events that resulted in casualties and destruction.

The conclusions we draw from this work are similar to those we reached during past experiences 
involving students as active participants of the seismic risk mitigation process (e.g. Camassi and 
Peruzza, 2011; Peruzza et al., 2016b; Barnaba et al., 2017). Particularly, we remark that: 
1) authoritative sources of information about natural hazard and risk must be available for educational 

advancement of the whole community; in a fast changing society teachers and schools are the 
main resource to drive the changes and preserve the earthquake memory. Therefore, easily 
understandable maps of the natural hazard at different scales should be provided to the public, 
together with basic concepts of the risk components to facilitate prevention strategies. In FVG, 
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Fig. 11 - Info-graphic summarizing the results, distributed at scienti  c and public meetings.
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the last release of the seismic zonation map (updated in 2010) is a good proxy for representing 
the seismic hazard, but the situation in other Italian regions is different (see for example Peruzza 
and Pessina, 2016). However, such a map is poorly known by the community;

2) student activities that require efforts lasting more than a few hours’ visit are very effective. This 
was the case, for example, of some students that carried out a geophysical survey, collecting 
seismic noise measurements for microzonation studies (Barnaba et al., 2017), and some others 
that created a seismograph with Arduino board (Saraò et al., 2016b); both the groups were 
later involved in disseminating the seismic risk notions acquired to younger companions;

3) additional efforts are needed to dismantle rumours and fake news, or for disseminating updated 
scienti  c results and knowledge about earthquakes in the communities, if they are not living the 
heavy consequences of seismic events. The interest in earthquakes decays fast, and one generation 
is suf  cient to cancel the cultural traces of catastrophic seismic events, in the epicentral area too.
For all the above reasons, we still pursue our efforts in educational initiatives such as the 

IONONRISCHIO campaign (www.iononrischio.it); the TemaRISK FVG project (https://temarisk.
wordpress.com) involving different stakeholders, in accordance with the perspectives and duties 
assigned to the OGS-CRS department, that leads research on earthquake hazards, closely rooted 
in the FVG region, and keeps on maintaining the north-eastern Italy seismic network and the 
commitment to disseminate the culture of seismic risk prevention.

We hope that our work may be of bene  t to all the earthquake-stricken communities by 
maintaining the memory of earthquake facts for the future generations.

Supplementary material related to this article is available online at the BGTA website 
www3.inogs.it/bgta.
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ABSTRACT  The aim of this paper is not to commemorate the Friuli earthquake and the reconstruction 
process; as a matter of fact, over the 40 years after the earthquake a great deal of words 
have been spent on these topics. What the paper seeks to highlight is the fact that the 
Friuli earthquake represented a milestone for the Italian way of viewing seismic risk 
mitigation. To support this statement, the paper deals only with some  elds in which 
important changes have been introduced after the Friuli earthquake:
• the joint effect of the earthquake and a research project (the Finalized Geodynamics 

Project, initiated shortly before the Friuli earthquake by the National Research 
Council), had an important impact on organising the research in all the  elds related 
to seismic risk mitigation;

• the Friuli earthquake triggered a signi  cant change in the way of viewing seismic 
zoning;

• the previous philosophy of seismic code for masonry buildings was drastically 
changed and the new approach has been introduced for reconstruction after the 
earthquake;

• the vulnerability analysis of existing buildings and historical monuments;
• microzonation.

 The processes initiated by the Friuli earthquake in the above-mentioned  elds are still 
continuing.

Key words: seismic classi  cation, building code, Friuli earthquake, NE Italy.

1. Introduction

Forty years have elapsed since the 1976 Friuli earthquake (Fig. 1). An earthquake that has 
marked, more than any other previous event, a change in the approach to the issue of safety vis-à-
vis seismic events, which has been taken as paradigm for earthquakes that of course have occurred 
again in subsequent years.

It seems fruitless here to return to a description of the event and to the management of 
the reconstruction process, given that such issues have been dealt with in several important 
analyses over the last forty years [see a review in Carulli and Slejko (2005) and Slejko (2018)]. 
I will brie  y focus on some episodes linked to the earthquake that have had a signi  cant impact 
in subsequent years, and on the evolution of those initiatives: organization of Italian research in 
the sector, seismic classi  cation, technical regulations, vulnerability of ordinary buildings and 
monuments, seismic microzonation.
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2. Earthquakes and seismic zonation

At the time, within the scienti  c world, especially some its disciplinary sectors, there was 
a widespread tendency to direct research toward furthering knowledge alone, without lending 
attention to translating the results into real application formats: it was precisely because of the 
Friuli earthquake that, within the scope of the Finalized Geodynamics Project (PFG), an attempt 
was  rst made to prioritize, within the research  eld, the aspects most directly steered towards 
mitigating risk in the Italian territory, alongside an obvious interest in the furtherance of knowledge.

The focus on risk issues has also entailed an effort at integration between disciplines that are 
traditionally disinclined to mutual interaction. The experience of the PFG continued to live on in the 
National Group for Defence against Earthquakes (GNDT) and in the other national groups born out 
of the  nalized project. Interest in expendable researches on the issue of prevention and integration 
between disciplines have progressively strengthened over the years: we are dealing with a change of 
direction that, in my view, yielded several positive outcomes in the years to come, at least until the 
time when, after a long-drawn-out process, the GNDT ended around the late 1990s.

Shortly after the earthquake, the issue of the seismic classi  cation of the struck areas, at that 
time not included in those areas already classi  ed as seismic, arose as usual. The novel element 
introduced on that occasion was that the classi  cation proposal submitted to the Regional Council of 
Friuli Venezia Giulia was grounded in a series of analyses that would be picked up again, subject to 
some variation and  ne-tuning (Petrini and Scirocco, 1976), in the subsequent review operations on 
national seismic classi  cation: we can reasonably state that the Friuli earthquake marked the start of 
the process, sped up by the earthquakes of Norcia in 1979 and of Irpinia-Basilicata in 1980, which 
resulted in the submission, at the end of 1980 (Fig. 1), of the reclassi  cation proposal elaborated by 
the PFG and implemented through a series of ministerial decrees between 1981 and 1984. Another 
seismic episode, the collapse of the San Giuliano di Puglia school during the 2002 earthquake in 
Molise (Fig. 1), lies at the root of the classi  cation implemented out by ordinance 3274 and based 
on studies drawn up by the scienti  c community in the second half of the 1990s; the last step, the 
latest step to date is contained in attachments A and B to the 2008 ministerial decree setting out the 
Technical Building Standards (DM 14 January 2008).

One may readily notice how the evolution of the classi  cation is closely linked to seismic 
events: it makes us think that without the impact of these events, it is quite unlikely that in 
this country any step forward might ever be taken. Indeed, on closer inspection, even the 
2008 ministerial decree is but the response by the Ministry of Infrastructures to the 2003 Civil 
Defence ordinance. Yet, from time to time, we have witnessed the adoption of stances that 
ostensibly suggested a change of direction; a signi  cant example is the agenda on seismic 
areas, approved by the Conference of Regional Presidents on 10 January 1982 (Conferenza 
dei Presidenti delle Regioni, 1982): on that agenda, besides acknowledging the meaning of 
the newly approved seismic classi  cation review, we come across a series of measures that 
all levels of public administrations, from the State down to local administrations, would 
be expected to implement in order to launch an effective prevention policy. Subsequently 
however, nothing came of it.

The Friuli earthquake might have boasted another record as well, this time worldwide: the 
researchers who had drawn up the reclassi  cation suggestions put forward, at a meeting with a 
regional Council delegation, more than one alternative, contending that, given the economic and 
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social implications for the Friuli territory, it was up to the political authority to choose between the 
various options the one best suited to the needs of that moment. That unfortunately did not happen, 
and the researchers were asked to choose the suggestion they deemed the most appropriate. Had 
that not been the case, what in my view is the most correct modus operandi in the  eld of seismic 
classi  cation would have been implemented for the  rst time in the world: the task of research 
is to put forward possible alternatives, and the task of the political authority is to choose the one 
best suited to a given socio-economic context, inasmuch as to classify also means to de  ne the 
planning actions and, therefore, the amount of resources to be set aside to reduce seismic risk.

3. Building standards

In 1976, the technical standards for buildings in a seismic area showed radically different 
approaches for reinforced concrete and steel buildings on the one hand and masonry buildings 
on the other: with regard to the former, a safety veri  cation based on calculation was prescribed, 
whereas the standard in respect of the latter set out regulations on the materials, on the geometrical 

Fig. 1 - Epicentres of the 
main earthquakes in Italy 
from the beginning of the 
20th century to 2014 (data 
from Rovida et al., 2016).
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size of wall bays, on the number of  oors and on containment of the walls via suitably reinforced 
concrete elements. It is easy to understand how a standard like this, particularly simple 
and convenient to construct new buildings or rebuild totally destroyed ones, posed serious 
problems for the repair interventions: to meet all the requirements of the standard on an existing 
building, the only feasible way, in the vast majority of cases, would have been demolition and 
reconstruction.

The technical guidelines, drawn up for purposes of guiding the planning activities in the 
reconstruction work, introduced, for the  rst time in Italy, the possibility of applying veri  cation 
by means of calculation to masonry buildings as well. The methods, then, put forward were re-
applied, subject to a few changes, in all the subsequent earthquakes; we had, however, to wait 
until the mid-1980s to see this possibility passed into national legislation.

4. Vulnerability

Observation of the damage caused by the Friuli earthquake provided the cue for studies on 
assessing the seismic vulnerability of buildings and on the relationship between severity of the 
earthquake, vulnerability of buildings, and damage. The investigative tools, derived from these 
studies, have found application in many situations; I will speci  cally mention two of them.

In anticipation of concrete actions in the  eld of prevention, the GNDT promoted 
memorandums of understanding with a few regional administrations (the most helpful ones) 
with a view to developing joint activities to put the research results into practice. Between 
1993 and 1995, the GNDT participated, along with the Regions with which memorandums of 
understanding had been concluded, in studies on the levels of seismic risk in public buildings 
located in the municipalities classi  ed as being in a seismic area; the results have been published 
in some volumes: the  rst one devoted to methodological aspects (Petrini et al., 1993), and the 
rest to the speci  c results region by region (Petrini 1993, 1994a, 1994b, 1995). The introduction 
to the  rst volume (Petrini et al., 1993) was intended to urge undertaking concrete prevention 
actions: anyone can readily judge how much of that has been practically achieved. If we browse 
the rankings of public buildings of the Abruzzo region, published in a speci  c volume, in 
the light of the April 2009 occurrences, we might be dismayed on seeing at the top of those 
rankings, for instance, the Prefecture of L’Aquila! Yet, in presenting the volume relating to the 
public buildings of the Abruzzo region, the Civil Defence Councillor announced that, thanks 
to the law approved in December 1993, a prevention policy would be concretely launched. In 
fact, the Abruzzo region, conscious of being one of the regions exposed to the highest seismic 
risk, due also to the seismic events of May 1984, has since 1986 promoted a series of studies 
and researches aimed at establishing suitable risk reduction policies, via a memorandum of 
understanding with the GNDT.

The Civil Defence Service Manager wrote: “…. Henceforth, in other terms, the Abruzzo 
Region and the other local administrations are bound to consider even the vulnerability criterion 
when drawing up programs on the use of public  nancial resources set aside, for instance, for 
the improvement of the existing building heritage. That way, it is deemed possible to launch a 
signi  cant prevention process within a regional context that will increasingly gain in signi  cance 
during the next years by using, to that end, the ordinary budgetary allocations without resorting, 
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unlike in the past, to extraordinary interventions that are increasingly less feasible due to the 
notorious economic dif  culties of our country ….”.

These examples are not meant as a judgment on certain individuals, as they only serve to 
underline how dif  cult it is, in Italy, to launch policies that might yield results over a far longer 
period than merely the one between two elections.

Even studies on the seismic vulnerability of monuments have been inspired by the damage 
caused by the Friuli earthquake (Doglioni et al., 1994), to then be later developed by a number of 
researchers on occasion of subsequent earthquakes (Irpinia-Basilicata, Umbria-Marche), thereby 
leading to analysis tools that have become part of everyday use.

5. Microzonation

Seismic microzonation studies, in Italy, may be traced back to the Friuli earthquake via the 
Tarcento case; a series of expeditious seismic microzonations have been carried out by the PFG 
downstream of the Irpinia and Basilicata earthquake, without however  nding any practical 
application in the reconstruction. 

For a systematic plan of microzonations with immediate outcome on reconstruction, we 
need to go back to the 1997 Umbria and Marche earthquake (Fig. 1); however, in this case too, 
microzonation studies found an application in planning interventions on individual buildings, 
without being re  ected at all in an organic interlinking of microzonation, reconstruction and 
planning, save for a few exceptions. After 1997, some regions began to preventatively develop 
microzonation studies that must necessarily be considered within the scope of planning and 
managing the territory. Within this context, we would have expected that, 12 years later, in the 
scenario of an earthquake that struck the capital city of a region (L’Aquila), a reconstruction 
solidly founded on the  ndings of the microzonation investigations would have been carried 
out, one capable of identifying organic solutions for the areas suffering from special problems 
(super  cial fault line and cavities) that might  nd in town planning the key element for the 
reconstruction. In my view, it proved very different.

6. Reconstruction

One last aspect worth mentioning is the overall progress of reconstruction: it is a widespread 
opinion that Friuli has been, from this perspective, a commendable example. A comparative 
analysis of times, costs, procedures, and results between the various earthquakes that have affected 
Italy from Friuli onwards, would undoubtedly be informative and useful. Once and for all, it 
could establish certain procedures, known beforehand, to apply at the time of future earthquakes, 
thereby avoiding the need to reinvent the wheel each and every time and the perpetration of 
shoddy errors under the pressing urgency to provide quick responses to the affected populations. 
Such an analysis, however, lies beyond the aims of this paper; it would be interesting to include 
in such a study the recent earthquakes of 2009 and 2012 as well: but the completion of these 
reconstructions will, in fact, still require considerable time.
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7 . Concluding remarks

The most obvious response to the acknowledgment of considerably risky situations is the 
launch of speci  c programs of adapting the building heritage to the seismic levels in the various 
areas of the country: it is, however, certainly not the only possible one. The reduction of risk levels 
may be one of the aims of sectoral investment plans (school, health, housing, transportation, etc.) 
of the public administration and may, in some instances, contribute to qualifying the public use 
of funds. The positive effects are clear: we would avoid the substantial loss of human life (Friuli, 
Irpinia-Basilicata, Umbria-Marche, L’Aquila), we would avoid the damages associated with the 
operations of demolition and reconstruction of a large number of  buildings; we would have other 
advantages as well: multi-year programs of risk reduction interventions, suitably distributed in 
space and time according to pre-de  nable priorities, may have, in the existing circumstances, 
collateral effects in terms of employment developments that are not arti  cially induced.

Given the dimension of the seismic problem, the  rst condition for effective action is the 
capacity of politicians to identify the riskiest situations and to follow stringent priorities in 
selecting the areas and the buildings, resisting the pressure to spread the limited resources on a 
large number of areas and buildings.
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ABSTRACT In terms of victims and damage, the loss due to earthquakes in Italy appears to be too 
high when compared to the average level of seismic hazard. Many reasons can be given 
to contribute to the situation: historical, economic and social. While technical skills 

needs to be changed in the socio-economic behaviour. This certainly includes a major 
effort to diminish the vulnerability of the pre-code buildings and more attention to the 
epicentral effects that cannot easily be regulated by the seismic code.
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1. Introduction

Protection against earthquake damage is a complex task. However, with the pre-requisite 
of a sound knowledge of the seismicity, it can be achieved with a modern seismic code suited 
to the culture, property and social behaviour of the country, by its rigorous application to new 
and old buildings, as well as by an efficient system of post-earthquake intervention (emergency 
management). 

This paper gives a brief review of the state of art in Italy regarding how seismicity is defined. 
It goes on to make some proposals to overcome a number of the inadequacies in the system. 
These are very often at the roots of the extent of damage and number of victims, which are 
greater than one would reasonably expect from most of the moderate earthquakes affecting our 
country. Just for a rough comparison, it should be noted that in the last century in Italy there 
have been no more than three earthquakes of magnitude between 7.0 and 7.5 compared to at 
least eight in California and Japan (maximum 7.8 and 7.9, respectively).

The picture changes considerably if victims and damage are taken into account: in the 20th 
century, the casualties exceeded more than a 1000/year and in the last 40 years the annual 
expenditure for reconstruction and repairs has amounted to at least 4 billion euros. It goes 
without saying that it is nearly impossible to include, in terms of monetary cost, the deaths and 
enormous loss of priceless historical and artistic heritage.

Many factors contribute to this situation:
1) high population density (206 inhabitants/km2; 140 in China, 31 in the U.S.A.);
2) the old age of a multitude of buildings (the year 1340 on the pediment of the university 

building where I graduated indicates its foundation) and consequent increase of 
vulnerability, due to ageing, even to minor shocks. It should be added that the situation 
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has often worsened because the demand for new housing has been met by adding 
new structures to old buildings, with scarce consideration for the possible effects of 
introducing asymmetries, increasing horizontal forces and overweighting the vertical 
structures (exemplary here is the case of the school of San Giuliano di Puglia, the only 
building in the region to collapse owing to the earthquake of 31 October 2002);

3) long return period of major earthquakes that contributes to lowering attention and 

many years in the past, the location of part of villages and cities was chosen mainly to 

public administrators seem to consider spending public resources on lowering seismic 
risk, which in practice means reducing the vulnerability of existing buildings, as barely 
worthwhile, at least in terms of generating popularity and consensus Indeed, it is 
difficult for a legislator to demonstrate that his actions have saved lives and prevented 

for the reconstruction, then also the previous legislator, who may have done nothing 
constructive, also gains a certain benefit and consensus.

2. A short historical overview

The first highly destructive earthquake of the newly created Kingdom of Italy (1861-1946) 
hit the Messina-Reggio Calabria region on 28 December 1908. Messina was nearly razed to 
the ground by the shock and the following fire and tsunami. The echo of the event was heard 

Soon after, with the Royal Decree n. 13 of 18 April 1909, the first Italian seismic law was 
promulgated. This had to be applied, perhaps rather incomprehensibly, only in the areas “hit 
by an earthquake”.  The nature of destructive earthquakes in terms of intensity, number of 
victims and extent of damage, were left to the arbitrary interpretation of the administrators 
(mainly the Minister of Public Works) who were in charge at the time. The concept of 
“earthquake prone areas” (i.e., seismic areas) was introduced only in 1984 after the disastrous 
Irpinia earthquake in 1980, following a proposal contained in a study made by a group of 

commissioned by the Minister of Public Works. In the meantime, all the major earthquakes hit 
“aseismic areas”.

The fatal consequence of this “philosophy”, though never clearly stated but enacted with 
great perseverance, was the increase of the “seismic debt” of the country or, in other words, 
the continuation for nearly 80 years of building and planning cities without any consideration 
of their real seismicity. In such a way, we also missed the chances of ameliorating the situation 
given by the massive reconstruction efforts after the two world wars and during the decade of 
the so-called economic boom.

1) the seismic code needed to be graded according to the different level of hazard in which 
the territory was subdivided on the basis of the seismic history (1000 years) and the 
seismotectonic features;
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(the most seismic), orange = second category, 
yellow = third category.
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2) equality: the same level of risk compatible with the amount of resources that the state 
decides to assign must be assured to all citizens. Obviously, this implies a careful balance 
between costs and benefits;

3) in the first application the initial level of acceptable risk must be the same as what 
was implicitly decided, on average, from 1909 onwards. In a certain sense it was 

the average criterion implicitly adopted to define an area as “hit by an earthquake” or 
seismic zone;

4) risk also depends on the return period and the maximum historical earthquake;
5) the marginal cost of one saved life must be acceptable. The statement cannot be directly 

transferred into laws and codes, but it is important to remind lawyers, judges and 
administrators that a far from negligible part of risk management must be handled not 
only from a correct technical vision, but also by paying due attention to the socio-cultural 
environment. Otherwise, it could, for instance, happen that the principal of a school, after 
an event causing deaths among junior students, was declared guilty because of failing 
to let them out of school despite the widespread rumours of an impending earthquake 
(rumours based on hypotheses officially declared unsustainable by the special scientific 
committee appointed by the board of the civil protection). In addition, the principal could 
be charged for not having retrofitted the edifice despite the “impending earthquake”. 
There is also the concern that in the case of a false alarm (no earthquake occurred), 
a school principal may be accused of interrupting a public service and failing in the 
supervision of minors. Considering it is beyond doubt that the legislator has faithfully 
applied the law (hence accusing the principal), it follows that something in the law is not 
quite right.

6) the same level of hazard must be assigned to the whole seismogenic structure known to 
be responsible for a destructive earthquake.

3. The current trend

In the last 30 years, together with continuous improvements in the technical regulations 
for building, the prevailing approach in the policy of defence against earthquakes has been 
a constant tendency to increase the reference horizontal ground acceleration. In such a way 
attention has gradually been shifted to the earthquakes with longer return period, earthquakes 
that, in some cases, have never happened in the last 2000 years.

Only at first glance may this “overprotection” seem positive. Actually, it produces a major 
increase in the marginal costs, discourages effective policies and, if enacted, increases the 
inequality of the risk between those citizens living in old or new buildings.

The question arising is: does the increase of the reference horizontal ground motion give 
acceptable results when assessed with due care to the cost/benefit ratio?

The response is that while in the far field the resulting reduction of the vulnerability 
has positive effects, in general it is highly dubious: experience shows that many of the last 
devastating earthquakes affecting our territory are relatively shallow and therefore characterized 
by a large amount of near field effects, torsional effects already described by Mallet (1862), 
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permanent vertical displacements, large vertical ground accelerations like those causing so 

of fossil landslides, which cannot be tackled with such a simple approach.

4. A brief look at Friuli

After 50 years, the memory of the tragedy is still alive in the community [see Slejko (2018) 

watershed, replacing the Second World War (it is a common saying: “before or after” the 
earthquake) in popular sentiment (see Slejko et al., 2018). 

People in the region are very proud of the way in which reconstruction has been completed; 
it is worth pointing out that never before in Italy has the final result been so good and rapidly 
achieved (see Zamberletti, 2018). 

In ten years not only has nearly everything been restored, but economic development has 
also had a significant boost: new infrastructure has been established, a new university (in Udine) 
and an important research centre (the Centre for Seismological Research, in Udine, which 

have been fully funded, activities connected with both private and public buildings have had 
a significant increase. Moreover, during this decade administrators and politicians have been 
closer than ever to the real needs of their communities.

The picture looks even better when considered in relation to what happened before and after 
in Italy. Many factors have contributed to this; worthy of mention are the unswerving support 

administrative and legislative (see Carpenedo, 2018) system, as well as the timeliness and 
flexibility with which the regional assembly alleviated or removed most of the bureaucratic 
obstacles that unnecessarily hinder progress and growth in Italy (as demonstrated by the extent 
of corruption afflicting our country). In this respect, it is a remarkable fact that, in ten years, 
only one case of malfeasance has been judged and sentenced.

Obviously, not everything went smoothly and correctly, but the negative points cannot spoil 

to make improvements in what is generally (and somehow improperly) called the “Modello 

5. The future

Setting aside the obvious considerations on the possibility of further improvements in 
technique, skills and rules for building in earthquake prone areas, a radical change in our 
policies seems unavoidable. It should be based on:

1) major pluriannual financial and technical effort to face the problem of the old (pre-code) 
buildings in which more than half the population live. A side effect could be an increase 
in the gross domestic product, mostly in the less industrialized areas of the country where 
the effect of the recent and long-lasting economic recession has been the strongest;
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2) switching the focus from high acceleration to near field effects (Grimaz and Malisan, 
2014). As far as they are foreseeable, it would probably be effective to individuate 
areas to be declared “restricted”. With whatever caution necessary, any construction of 
buildings of paramount importance owing to their utility during emergencies (hospitals, 
fire stations, main power plants, tele communication exchanges, etc.) or because of the 
high population density (schools, great industrial plants, and so on) should be prohibited 
in such areas. In our legislation, they are defined as “strategic edifices”. The numerous 
descriptions of past earthquakes, the thousands of isoseismal maps collected and 
thoroughly revised in recent years and the accurate geologic and geomorphological data 
sets accompanied with detailed microzoning, could make such an approach feasible in 
most of the seismic areas;

3) it is very likely that important results could, however, be achieved simply by avoiding 
wrong and/or fraudulent practices in designing and building, together with re-introducing 
strict testing of work in progress.

earthquakes there has generally been a positive trend in the struggle against earthquakes: better 
laws and rules, better preparedness for the events, better general culture (reflected, for instance, 

more (in truth the only) active and pro-positive Regions are, generally, those with less seismic 
hazard.
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