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ABSTRACT	 Immediately	after	an	earthquake,	a	rapid	estimation	of	the	seismic	impact	is	crucial	to	
carrying	out	a	prompt	and	appropriate	Civil	Protection	response.	This	is	particularly	
important	in	districts	characterized	by	frequent	and	moderate-to-high	seismicity,	as	is	
the	case	in	the	north-eastern	part	of	Italy.	In	this	paper,	the	authors	illustrate	an	innovative	
approach	developed	in	the	Friuli	Venezia	Giulia	Region	(in	north-eastern	Italy),	based	
on	the	active	contribution	of	Civil	Protection	volunteers.	The	methodology	is	based	on	
the rapid and pre-codified communication of the earthquake effects, focusing on two 
main	aspects:	(i)	the	observed	effects	on	people	and	buildings	in	the	urban	areas,	and	
(ii) the structural and non-structural damage observed on pre-identified buildings. In 
particular,	 this	paper	illustrates	the	methodology	and	its	integration	into	the	seismic	
emergency	plans	of	the	municipalities	in	the	Friuli	Venezia	Giulia	Region	and	discusses	
the first test, which occurred during a full-scale exercise and on the occasion of recent 
minor	earthquakes	affecting	the	area.
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1. Introduction

After	an	earthquake,	the	prompt	estimation	of	the	seismic	impact	is	fundamental	to	establishing	
the appropriate countermeasures for dealing with the emergency scenario. A rapid and reliable 
identification of the earthquake effects is essential to planning the Civil Protection response from 
the first phases of the emergency. Recent Italian earthquakes, such as L’Aquila (April 6, 2009) 
and Emilia (May 20 and 29, 2012), underlined the importance of quickly defining the boundaries 
of the area with damage as a support for the contextual organization of the Civil Protection 
forces. For this purpose, nowadays, mathematical and numerical models are generally used; 
these models adopt simplified hypotheses concerning the propagation and the attenuation of the 
seismic waves. Starting from instrumental records, they permit the delineation of approximated 
shakemaps simulating where and how intensely the earthquake was felt, as well as the expected 
damage.	These	maps	are	routinely	produced	for	Italy	by	the	National	Institute	of	Geophysics	and	
Vulcanology	(Michelini	et al., 2008) and are available at the webpage http://shakemap.rm.ingv.
it. The application, however, of these models to the recent aforementioned earthquakes showed 
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that the estimated damage distribution was significantly different from the actual one (Pettenati 
et al., 2011), thus reducing the benefits of prompt action. Therefore, rapid feedback from field 
surveys	becomes	crucial	to	the	integration	and	improvement	of	the	emergency	maps,	especially	
for defining the damaged and non-damaged areas.

The	 Friuli	 Venezia	 Giulia	 (FVG)	 Civil	 Protection	 system	 includes	 a	 broad	 presence	 of	
volunteers within the territory. The Civil Protection volunteers can carry out an active and strategic 
role in the very first phases of earthquake response, if they are involved in simple and rapidly 
accomplished procedures. The purpose of this paper is to describe how the active contribution of 
the FVG Civil Protection volunteers can help outline a preliminary map that identifies different 
seismic impacts, especially distinguishing between damaged and non-damaged areas. The authors 
illustrate a methodology for assessing the seismic impact based on two types of rapid and pre-
codified communication about the perceived and observed earthquake effects in the territory. The 
two types of communication can be used (preferably together) to assess the seismic impact: one 
communication	is	based	on	the	reporting	of	the	earthquake	effects	on	population	and	buildings	
by filling in simple questionnaires; the other is based on a quick visual survey of the so-called 
“sentinel” buildings (i.e., pre-identified and pre-characterized buildings). Both methodologies 
were tested for the first time during a full-scale exercise in FVG and the Veneto Region (also 
in north-eastern Italy) in 2013. The results were positive, and encouraged the integration of the 
procedures	 directly	 into	 the	 seismic	 emergency	 plans	 of	 the	 FVG	 municipalities.	 The	 results	
also	evidenced	that	 the	methodology	is	a	valid	practice	for	 taking	advantage	of	 the	active	and	
systemic contribution of volunteers and that, with appropriate arrangements, the procedures can 
be extended to other regions and areas inside or outside of Italy.

2. Background

The	 FVG	 Region	 has	 a	 system	 of	 Regional	 Civil	 Protection	 (in	 Italian	 “Protezione	 Civile	
Regionale”, hereinafter PCR) with an organized network of volunteer teams in each municipality. 
The teams are coordinated by the Civil Protection Operative Centre (in Italian, “Sala Operativa 
Regionale”, hereinafter SOR), situated in Palmanova (province of Udine, north-east Italy). The 
PCR has over the years promoted the development of strong collaborations with local scientific 
institutions [the National Institute of Oceanography and Experimental Geophysics (OGS), the 
University of Trieste, and the University of Udine] to support the prevision, prevention, and 
management	 of	 earthquake	 emergencies.	 This	 synergistic	 arrangement	 provided	 the	 ideal	
conditions for the conception, development, and experimentation of innovative procedures for 
earthquake	 response.	The	management	 of	 earthquake	 emergencies	 can	 leverage	 the	organized	
volunteers’ active contribution to such activities as the quick field survey, optimized to provide a 
preliminary definition of the observed seismic scenario. In particular, the efforts that have served 
as	a	foundation	are:

• the agreement between PCR-FVG and OGS, for seismometric network management and 
seismic	monitoring	in	the	FVG	territory	(Priolo	et al., 2005);

• the ASSESS project, aimed at knowing, as a preventive measure, the level of seismic risk 
in school buildings for the definition of decision-making tools for the development and 
management	of	strategies	for	seismic	risk	mitigation	(Grimaz	et al., 2016b);
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•	 the	 formulation	 of	 a	 procedure	 for	 a	 coordinated	 and	 organized	 response	 in	 case	 of	 an	
earthquake, and its integration into municipal emergency plans (Sandron et al., 2012);

• the experience acquired by the SPRINT-Lab researchers of the University of Udine in the 
scientific coordination of the Short-Term Countermeasures System of the Italian National 
Fire Service, on the occasion of recent earthquakes on the Italian territory (L’Aquila, 2009; 
Emilia, 2012; Garfagnana e Lumigiana, 2013), and during international missions after 
strong earthquakes (Nepal, 2015) (Grimaz and Maiolo, 2010; Grimaz, 2011; Grimaz et al.,	
2016a);

• the development of dissertations and prototypal studies at the University of Udine for the 
realization	of	municipal	 emergency	plans	 and	 for	 the	production	of	 cartography	 relevant	
to the emergency, with management of the emergency directly tuned to municipal Civil 
Protection procedures (Comisso, 2013; Marzin, 2015).

3. Earthquake alert and emergency system

The Italian government established the Seismological Research Centre (hereinafter CRS) 
of OGS after the destructive 1976 Friuli earthquake. The CRS manages an integrated seismic 
network, expressly designed and developed to monitor the regional seismic activity of north-
eastern Italy and its surroundings. The OGS seismic network includes 15 very sensitive digital 
broadband seismometers and 20 short-period stations, all of which are telemetered to and acquired 
in real time at the OGS-CRS data centre in Udine. Real-time data exchange agreements in place 
with other Italian, Slovenian, Austrian, and Swiss seismological institutes provide data in real 
time for a total number of about 100 seismic stations.

The OGS-PCR agreement for network management and seismic monitoring in the FVG 
territory requires the daily check of the remote stations’ operating state and that of the acquisition 
and	processing	equipment.	The	alert	system	is	guaranteed	in	the	event	of	an	earthquake,	through	
the	automatic	transmission	in	real	time	of	the	parametric	data	of	the	earthquake	and	by	the	on-call	
service of the CRS rapid-response team. Alert messages report the magnitude and the location of 
an earthquake (Fig. 1a) along with information about the municipalities where the shaking might 
be felt by the population or might produce moderate or strong damage. Such preliminary fast and 
rough	estimation	is	designed	to	help	the	Civil	Protection	authorities	to	activate	the	appropriate	
level of response. The classification of the municipalities, highlighted in the red box in Fig. 1a, 
(three alarm levels, along with no alarm), is based on an empirical predictive equation that relates 
the Mercalli-Cancani-Sieberg (MCS) intensity values in the municipalities to the magnitude 
of	 the	earthquake	(ML,	magnitude	“Richter”)	and	the	distance	from	the	source.	The	full	 list	of	
municipalities is also attached, with the corresponding alarm level (in the case of generalized 
non-alarm level, the list reports the municipalities within an epicentral distance of 15 km). This 
estimation was calibrated (Bragato et al., 2011) for the monitored area using a nonparametric 
regression on data from the CPTI04 (Gruppo di Lavoro CPTI, 2004) catalogue for north-eastern 
Italy.

At	the	municipal	level,	those	involved	in	the	early	stages	of	the	emergency	in	the	case	of	an	
earthquake are: i) the mayor; ii) the Regional Civil Protection; iii) the group of municipal Civil 
Protection volunteers; iv) safety officers in relevant buildings.
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Fig. 1 - a) Facsimile of the OGS automatic earthquake alert 
notification prepared for the “Sisma NordEst 2013” full-scale 
exercise. The red box highlights the three procedure codes (Alpha, 
Bravo, Charlie) according to which actions have to be implemented 
by each municipality, labelled accordingly. The map shows the 
epicentral area, the inset map shows the location on the larger 
monitored area. The legend below reports: date, time, and magnitude 
on the left; epicentral coordinates, depth, and the nearest locality on 
the right; b) coloured reproduction and modification of the official 
alert notification in a).a)

b)

The general scheme in the case of an earthquake is: the SOR is alerted in real time by OGS; the 
SOR forwards the alarm notification to all the authorities and organizations involved in emergency 
activities (such as prefectures, Fire Brigade (VVF), Carabinieri (CC), etc.) and to the mayors of 
the region. The mayor, who is responsible for the emergency procedures for the municipality, 
has	to	identify	the	actions	to	be	implemented	according	to	the	Civil	Protection	emergency	plans.	
The level of alarm “A” (areas in “A” class, Fig. 1) requires the activation of the procedure code, 
named “Alpha”. In this case, the worst expected effect is the simple awareness of the shock. 
The level of alarm “B” (areas in “B” class, Fig. 1) requires the activation of the procedure code 
“Bravo”. In this case, the range of potential expected effects goes from the simple awareness of 
the shock to the occurrence of minor damage. The level of alarm “C” (areas in “C” class, Fig. 1) 
requires the activation of the procedure code “Charlie”. The range of expected effects goes from 
the simple awareness of the shock to the occurrence of moderate damage. Typical alarms in the 
epicentral area are: level A of alarm for earthquakes with magnitude up to ML<3; level B of alarm 
for earthquakes with magnitude in the range 3.0≤ML<4.5; level C of alarm for earthquakes with 
magnitude in the range 4.5≤ML≤5.5. Earthquakes with higher magnitude could be associated with 
higher	damage	in	the	epicentral	and	surrounding	areas,	and	therefore	a	super-regional	response	
could be required. In this case, the procedure is managed within the national response plan. Table 
1 summarises the whole procedure.

From the emergency management perspective, the notification form constitutes the “signal in 
code” for activating a predefined procedure within a set of three levels of coordinated response. 
The simple operative estimation of the potential post-event scenario and its association with a level 
of alarm (A, B, C levels) triggers the activation of specific response procedures (Alpha, Bravo, 
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Charlie).	This	 approach	 has	 multiple	 advantages:	 it	 avoids	 false	 alarms,	 mainly	 for	 the	 media,	
generates a clear and unique request for activation of predefined procedures, and, especially, reduces 
organizational noise, always present in the first phase of emergency response, thus minimizing the 
time	for	obtaining	a	systemic	and	coordinated	response	among	all	the	actors	involved.

4. Data from the field acquired through the impact data form

The initial “Seismic Impact on the Territory Report” (SITR) form was developed by OGS in 
close collaboration with SPRINT-Lab of University of Udine and the PCR-FVG. The form was 
conceived to be simple and easy to fill in by the PCR volunteers. The form is divided into two 
principal sections (Fig. 2): the first one aims to describe the different increasing levels of people’s 
awareness of an earthquake; the second one is dedicated to the impacts on buildings. Therefore, 
while the former section of the form can be compiled after non-damaging earthquakes that have 
merely been perceived by the population, the latter can be filled in only after an earthquake which 
generated some damage to buildings. The entire system was designed to quickly provide to the 
PCR	crucial	data	about	the	impact	of	an	earthquake	useful	to	emergency	management	and	rescue	
coordination. The acquired information has to be sent to the SOR through web, email, or fax (not 
recommended),	but	in	the	case	of	a	strong	earthquake	and	the	consequent	failure	of	the	Internet	
and telephone lines, the PCR-FVG volunteers group can communicate with the SOR through 
a	proprietary	 radio	system	dedicated	specially	 to	 the	emergency	communications.	A	dedicated	
smartphone application is under development by PCR-FVG. The use of this device will simplify 
and speed the procedure of acquisition of observational data by the SOR.

The	procedure	of	collecting	and	 transmitting	 information	after	a	 strong	earthquake	has	 the	
purpose of defining, directly and reliably, the extension of the hit area in the shortest possible 
time.	The	PCR	volunteers	have	the	task	of	roughly	estimating	the	damage	(simply	distinguishing	
between light or severe) and its extension (limited to the historical centres, few buildings, or many 

Table 1 - Procedure of rapid response of local PCR-FVG subjects and volunteers in the case of an earthquake.

 Magnitude Level of   
 from allarm from Procedure 

Description of tasks
 

 automatic automatic code 
 elaboration elaboration

    • Open radio communications with SOR; 
  A Alpha • Compile and transmit the seismic impact questionnaire  
    • to the SOR 

    • Tasks of Alpha procedure 
    • Give support to school or other relevant buildings’  
  B Bravo • staff in the event of evacuation until the recovery  
    • of the normal activities. 
    • Check-up of the “sentinel” buildings with the specific form.

    • Tasks of Alpha and Bravo procedures 
    • Give assistance to people in areas of shelter; if requested  
  

C Charlie
 • by SOR and activated by the mayor, support other  

    • nearby local municipalities.

 
    Coordination with national response plan 

ML≤5.5 
or 

ML>5.5 
epicentre 

out of 
the FVG 
region

ML≤5.5 
within the 
FVG region
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buildings). It is likely that the area of the most damage will be defined through information arrivingIt is likely that the area of the most damage will be defined through information arriving 
from surrounding areas with less damage. In fact, it is reasonable that a delay in acquiring and.	In	fact,	it	is	reasonable	that	a	delay	in	acquiring	and	
collecting information has to be expected from the most affected areas due to the PCR volunteers’ 
physical	and	psychological	implication	there.

The	data	collected	 through	 the	form	in	ordinary	conditions,	 that	 is	 in	 the	case	of	moderate	
or	 small	 earthquakes	 felt	 by	 the	 population,	 represent	 a	 valid	 tool	 for	 the	 validation	 and	 the	
calibration of the simulation of the A, B, or C seismic impact areas (Sandron et al., 2012) in the 
territory. Also, this is also useful in keeping people’s attention to the earthquake issue at high 
levels	and	the	municipal	Civil	Protection	system	continuously	trained.	In	fact,	people	forced	to	
live with earthquakes of low magnitude, generally just perceived by the population, may lower 
their	safety	threshold.

5. Data from the field from rapid observations of “sentinel” buildings 

In addition, to facilitating the communication collected through the SITR forms, this 
methodology	engages	 the	PCR	volunteers	 in	 a	more	detailed	procedure	 for	 the	 acquisition	of	

Fig. 2 - “Seismic Impact on the Territory Report (SITR) form” (both sides in background). The form (front page) is 
divided into two principal sections (enlargement): the first one (top panel) describes the different levels of people’s 
awareness; the second one (bottom panel) is dedicated to the impacts on buildings. The user guide is on the second 
page	of	the	questionnaire.
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information concerning the observable structural and non-structural damage on pre-identified 
buildings (hereinafter, “sentinel” buildings). The procedure foresees how to rapidly transmit 
observations to the SOR through pre-codified communications. The “sentinel” buildings procedure 
aims at obtaining a more realistic delimitation of the zones with different impact categories (A, B, 
C), taking advantage of prompt feedback from trained PCR volunteers in the affected area, who 
are	rapidly	activated	by	the	emergency	plans.

The	core	idea	of	this	proposal	is	to	quickly	obtain	basic	information	about	the	effects	provoked	
by an earthquake on pre-identified and well-known buildings located in the affected area. The 
buildings are preliminarily identified in order to establish a sort of “detectors” mechanism for 
the	 impact	 scenario.	 If	 the	buildings	are	adequately	spread	over	 the	 territory,	 the	observations	
of	damage	provide	a	rapid	indication	of	the	actual	earthquake	effects	at	different	locations.	For	
this	reason,	the	buildings	are	called	“sentinels”.	The	“sentinel”	buildings	methodology	relies	on	
the	assumption	that	it	is	possible	to	make	a	preliminary	estimate	of	the	seismic	effects	at	a	site	
by comparing the condition of a building before and after an earthquake. In other words, the 
“sentinel”	buildings	operate	as	“informers”,	and	the	different	levels	of	impact	can	be	associated	
with the level of ground shaking at the sites in which the buildings are located, thus permitting 
us	to	infer	the	effects	on	other	structures	in	the	same	location.	Installing	instrumentation	in	the	
“sentinel”	buildings	(to	acquire	data	on	environmental	or	seismic	vibrations)	can	also	provide	an	
immediate	(real-time)	assessment	of	the	earthquake	effects	on	the	buildings	(Ponzo	et al., 2010; 
Grimaz	et al., 2013), which should be confirmed by a visual survey of the building.

The “sentinel” buildings procedure allows the collection of geo-localized information that 
facilitates	a	preliminary	and	prompt	delimitation	of	the	non-damaged	area	(zone	A)	and	permits	
an adjustment of the estimated impact levels defined through the automatic procedure illustrated 
in section 3. In particular, the effects observed on “sentinel” buildings permit, through the pre-
codified procedure, to assign the levels B-, B, or B+ and C-, C, or C+ in the area of major impact 
(with damage evidence). This assignment can confirm the preliminary estimation, or determine an 
adaptation, while allowing a more realistic definition of the boundaries of the affected areas.

The “sentinel” buildings methodology relies on the identification and characterization of 
the buildings and structures spread throughout the territory which could act as an informer of 
the	 impact	 scenario	after	an	earthquake.	Each	“sentinel”	building	 is	 characterized	 in	advance,	
assessing	the	potential	seismic	response	considering	both	structural	and	non-structural	seismic	
behaviours.

The	 results	 of	 this	 characterization	 permit	 the	 preparation	 of	 a	 “sentinel”	 building	 check-
up	 form”	 for	 each	“sentinel”	building.	The	 form	 is	designed	 for	guiding,	 immediately	after	 an	
earthquake,	a	quick	visual	survey	of	the	“sentinel”	building	by	trained	technical	personnel	of	the	
local Civil Protection group. The form pre-codifies the information and permits a rapid and simple 
communication of the observed effects. Fig. 3 illustrates the form prepared and used in the full-scale 
exercise “Sisma NordEst 2013”, as a first example of a “sentinel” building check-up form”. The 
form	includes	a	short	description	of	the	“sentinel”	building,	in	order	to	identify	its	main	features,	
such	as	the	structural	typology,	the	estimated	strength,	and	the	description	of	site	and	soil	type.	The	
characterization	of	the	seismic	response	of	the	building	permits	the	estimation	of	its	vulnerability	
and therefore the association of the seismic impact level with the expected damage.

Surveyors fill in the blue sections of the form, while the orange sections are reserved for 
specialists at the SOR. In order to collect the information, the surveyor has to recognize the 
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Fig. 3 - Example of sentinel building check-up form, used during the “Sisma NordEst 2013” full-scale exercise, for 
a school made of reinforced concrete. The form is a part of the seismic emergency plan of the municipality where 
the building is located. When the procedure Bravo or Charlie is activated by the preliminary alarm, the surveyors 
fill out only the right part of the form (blue) with a tick on the observed effect. If the surveyor can observe structural 
and/or non-structural damage from the outside, the procedure stops, in order to avoid the exposure of the surveyors to 
dangerous	situations.
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presence of pre-codified scenarios. In particular, the procedure distinguishes three groups of 
potential	observable	scenarios,	concerning:

a)	 evidence	 of	 damage	 (ED	 group).	 The	 scenarios	 of	 this	 group	 depend	 on	 the	 structural	
typology of the building; the scenarios derive from the damage scenarios of EMS98 
(Grünthal, 1998);

b)	 evidence	 of	 activation	 of	 critical	 behaviour	 effects	 (EC	 group).	 Potential	 observable	
critical behaviour effects are illustrated; the effects depend on the structural typology of the 
building. The effects derive from VISUS methodology (Grimaz and Malisan, 2016);

c) effects on the furniture (EF group). The effects on furniture are determined only in low-
impact areas; their observation implies that the surveyor has to enter in the building, and 
therefore, to ensure the surveyor’s safety, these should be determined only in the cases in 
which the building has no damage. The scenarios derive from EMS98 (Grünthal, 1998).

The graph in the section “Evaluation of the seismic impact” links the observed effects with the 
level	of	seismic	impact.	The	graph	is	tailored	to	the	structural	typology	and	the	seismic	response	
of the building, and it also considers the definitions in the EMS98 macroseismic scale (Grünthal, 
1998).

By considering the observed effects, SOR specialists can assess the level of seismic impact. 
In particular, the formulation of the judgement relies on the observed damage (ED and EC 
groups) and eventually it is refined through evidence concerning the effects on furniture (EF 
group). The final judgement is determined by the upper limit of the damage. This makes applying 
the procedure application extremely fast if performed by trained surveyors and if the SOR is 
organized	 for	analysing	 the	data	 immediately	after	 the	 reception	of	 the	observed	effects	 (blue	
column of the form). SOR specialists could do further refinements on the judgement, based on 
expert evaluations after the analysis of eventual pictures sent together with the data.

In order to assign the local seismic impact class, experts also take into account the site effects 
correction, neglecting, at this phase, the eventual near-field effects (Grimaz and Malisan, 2014). 
The table in the “Local seismic impact class” section of the form summarizes the outcome of the 
procedure. The icon near the class name is the icon that will be used on maps to represent the final 
judgement.

6. First applications

The	 fundamental	 requirement	 for	 the	 proposed	 procedures	 is	 quick	 response.	 The	 PCR	
volunteers’ contribution is significant and its usefulness can be exploited if performed in the first 
hours	after	an	earthquake.	To	meet	such	a	time	frame,	the	volunteers	must	be	able	to	observe	and	
collect the requested information and to transfer it to the SOR almost in real time. This is not easy 
to achieve in difficult environmental and emotional conditions, which often characterize the first 
hours	after	an	earthquake.

On September 14, 2013, during the “Sisma NordEst” simulation, the municipal teams of 
PCR volunteers filled in the questionnaire for the first time. The teams were asked to complete 
the	form	describing	the	ML=3.5 earthquake that hit Barcis (PN) on August 24, 2013 (white star 
on Fig. 4), which was clearly perceived by the population and caused no damage. The seismic 
impact	 degree	 attributed	 to	 the	 single	 localities,	 according	 to	 the	 one	 reported	 on	 the	 format	



192

Boll. Geof. Teor. Appl., 57, 183-197 Sandron et al.

questionnaire the volunteers filled in, is shown in Fig. 4 with coloured circles. The data should 
be delivered through the web, but only a few municipalities (12 in total) were able to send the 
questionnaires through this medium. Most of the questionnaires were instead sent to the SOR 
via fax, due to computer glitches (inadvertently producing a situation that could occur during a 
seismic crisis). Overall, 65 report forms were collected, 35 of which were considered to be valid. 
Previous to this first experiment, it was not possible to perform an efficient training campaign on 
the form’s compiling purposes and procedures. Also, the coincidence of the test with the official 
larger Civil Protection simulation focused on a 5.8 magnitude earthquake in Tambre (Veneto) 
(Fig. 1) generated confusion about the earthquake on which the simulation was focused. In any 
case, SOR staff judged the general behaviour of the Civil Defence Volunteer Groups during the 
“Sisma NordEst” to be satisfactory.

With	regard	to	the	“sentinel”	buildings,	the	procedures	carried	out	in	the	affected	area	quickly	
permitted a definition of the seismic impact class in correspondence to three sites (blue squares in 
Fig. 4). The PCR volunteers carried out a rapid evaluation of the physical effects observed on three 

Fig. 4 - Seismic impact on the FVG territory following the ML=3.5 Barcis earthquake (August 24, 2013) (star) on the 
individual municipalities (coloured dots) collected during the “North-East 2013 Training” (September 14, 2013). The 
white dots are for data compiled incorrectly and considered invalid. The blue squares indicate the location of “sentinel” 
buildings.
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predefined “sentinel” buildings. In particular, the buildings were assessed through the evaluation 
of pictures representing collapses and failures on the “sentinel” buildings, in conjunction with 
preliminary scenarios defined by experts during the preparation of the exercise. These pictures 
were shown to surveyors during the on-site assessments.

The data acquired through the SITR and “sentinel” building forms allowed the integration 
and adaptation of the shake map, originally estimated by OGS according to isotropic models 
of supposed shake attenuation and related impact in terms of potential damage. The SITR data 
improved the delimitation between damaged and non-damaged areas with reference to the 
municipalities. The “sentinel” buildings observations refined the delimitation with reference to 
the specific sites within the municipalities. Fig. 5 shows an example of impact assessment using 
the	data	collected	by	the	volunteers	through	the	“sentinel”	building	check-up	form.

On January 30, 2015, a ML=4.1 earthquake occurred 4 km WSW of Moggio Udinese (Udine) 
at 01:45:49 AM (white star in Fig. 6a). At that time, half of the municipalities, unfortunately 
mainly	in	the	southern	part	of	the	region,	had	participated	in	the	training	course,	and	this	is	the	
main reason why only a few municipalities in the mountains filled out the questionnaires. In total, 
45 questionnaires were collected, and the level of the seismic impact was in accord with the trend 
of	the	peak	ground	velocity	contour	lines	obtained	by	the	recorded	values	from	the	stations	of	
the FVG seismometric network. In fact, the shakemap shows a second relative maximum NW of 
the epicentre in correspondence with the Lauco, Zuglio and Enemonzo municipalities, where the 
questionnaires reported the highest level of seismic impact as well.

Fig. 5 - Example of the application of the “sentinel” building methodology. The application was prepared in order to 
show to surveyors some hypothetical seismic scenarios.



194

Boll. Geof. Teor. Appl., 57, 183-197 Sandron et al.

Among the earthquakes felt by the local population during 2015, there is the August 29, 2015 
ML=4.1 earthquake, located in Slovenia at Bovec (Fig. 6b). Most of the municipalities near the 
border filled the questionnaires with 45 collected data points.

Most	 of	 the	 municipalities	 in	 the	 epicentral	 area	 of	 the	 earthquake	 of	 Ovaro,	 ML=3.2, on 
November 11, 2015 compiled the report form, highlighting how even an earthquake of small 
magnitude but quite superficial (6 km depth) can be clearly felt by people (Fig. 6c). During 2015, 
OGS personnel performed several training courses, and as a consequence the amount of data sent 
to the SOR increased and reached, in this case, 90 filled questionnaires.

Another earthquake hit the area of Ovaro on November 21, 2015. The magnitude was similar, 
ML=3.5 (Fig. 6d), but the seismic impact pattern (80 points) shows slight differences with respect 
to	the	previous	case,	probably	due	to	source	or	directivity	effects.

In the above cases, the procedure involving the “sentinel” building check-up was not 
activated.

a) b)

c) d)
Fig. 6 - Examples of regional seismic impact obtained via the questionnaires after the: a) January 30, 2015 ML=4.1 
Moggio Udinese (Udine) earthquake; b) August 29, 2015 ML=4.1 Bovec (Slovenia) earthquake; c) November 11, 2015 
ML=3.2 Ovaro (Udine) earthquake; d) November 21, 2015 ML=3.5 Ovaro (Udine) earthquake.
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7. Observations

Up to now, the illustrated methodology was tested only on small-magnitude earthquakes, but 
the described examples prove how organized volunteering represents a Civil Protection system 
element	that	can	guarantee	rapid	post-event	feedback,	performing	a	strategic	and	functional	role	
if integrated in a coded and tested procedure. The engagement of non-expert volunteers calls 
for great attention towards two other requirements of the procedure, which are simplicity and 
safety.	The	recognition	of	damage	evidence,	easy	to	detect	from	the	outside,	must	be	the	aim	of	
these procedures, in order to avoid risks. In fact, the PCR volunteers are non-experts in structural 
conditions	and	cannot	protect	themselves	from	severe	loss	of	bearing	capacity,	incipient	collapse,	
etc. In the inspections, it is not necessary to identify the damage in detail but only the maximum 
level of suffered damage attributed to the maximum impact at the site, considering a direct relation 
between intensity and damage. This explains why, if there is clear evidence of external damage, 
the filling in of the forms must omit the section concerning the internal elements (for example, 
partitions	or	 furniture)	because	 it	 is	potentially	dangerous	and	unnecessary	 for	 the	goal	of	 the	
survey.

The	choice	of	the	buildings	is	a	crucial	point	in	the	“sentinel”	buildings	procedure.	The	choice	
shall	take	into	account	that	the	simpler	the	seismic	behaviour,	the	better	the	characterization	of	
the link between the damage and the severity of the seismic effects on the site. Furthermore, to 
define a map of the seismic impact, it is necessary to choose a number of “sentinel” buildings that 
guarantees	an	adequate	coverage	of	the	territory.	In	order	to	better	identify	the	level	of	shaking	
at the site, structural units with different structural behaviours should be selected. Also, in order 
to	rapidly	perform	the	survey,	it	is	necessary	that	the	building	be	inspected	by	trained	technical	
volunteers (or public technical personnel, such as technical office personnel of the municipality), 
i.e., without waiting for the authorization to enter. Strategic and relevant public building spread 
on	the	territory	can	be	considered	as	the	main	candidate	as	“sentinel”	buildings.

The	 proposed	 procedures	 are	 not	 intended	 to	 replace	 the	 macroseismic	 surveys	 that	 are	
performed	in	the	days	after	the	earthquake.	Therefore,	in	the	choice	of	the	“sentinel”	buildings,	it	is	
not necessary to consider if and when those are representative of the construction typologies (i.e., 
vulnerability classes) existing in the building heritage. That aspect would have been necessary 
in order to define the macroseismic intensity, which, as is known, requires an estimation of the 
quantity of buildings that suffered a certain damage degree (e.g., few, many, most in the EMS98). 
On	the	contrary,	it	appears	important	to	pre-identify	the	foundation	soil	conditions,	in	order	to	
consider the potential existence and extension of site effects that may affect the estimation of the 
maximum intensities. In the same way, the observation of the “sentinel” building performance 
is	 not	 intended	 to	 replace,	 even	 partially,	 the	 practicability	 inspections	 based	 on	 the	 damage	
and usability assessment forms (AeDES, Baggio et al., 2007). That procedure has different 
implications	 in	 regard	 to	 people	 protection.	 Currently,	 it	 involves	 surveys	 that	 are	 performed	
in the days and weeks immediately after the earthquake, adopting a temporary and preliminary 
procedure essentially based on an expert judgement. Therefore, it has to be performed by experts 
in the seismic engineering field.
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8. Final considerations

The procedure of compiling the “seismic impact on the territory report form” was tested for 
the first time in the “Sisma NordEst” context and activated after the ML=4.1 January 30, 2015 
earthquake. Municipality PCR volunteer teams were activated by the automatic notification of the 
seismic event, and were asked to follow the municipal emergency plan procedures. The training 
of the PCR volunteers assigned to the filling in of the forms is a crucial part of the entire process. 
Not only do they have to be adequately instructed in order to fill in the questionnaires correctly, 
but it is also necessary to increase awareness that filling in the forms is an important contribution 
to the emergency management and must be realized in a very short time. This allows, through a 
quick	mapping,	an	evolutionary	representation	of	the	impacts,	to	be	made	available	to	the	Civil	
Protection	system.

The	emergency	plans	and	the	report	forms	should	become	instruments	for	training	during	the	
non-emergency	periods.	The	“sentinel”	building	system,	if	thought	of	as	an	element	that	can	be	
integrated into the municipal emergency plan, would allow training during “white” simulations, 
with the aim of gaining confidence in accomplishing the tasks requested by the procedure.

The first experiences in Friuli Venezia Giulia region highlight the importance of the contribution 
of the PCR volunteers. That contribution can be used and taken advantage of only if the specific 
tasks and roles are well defined in the emergency plans and tested in advance. The experience 
also shows that the collaboration with and among the scientific institutions is fundamental to 
the definition and implementation of the comprehensive framework and the tools necessary for 
managing	the	entire	process.	Considering	that	Civil	Protection	volunteers	are	helpful,	capable,	
and numerous in the entire national territory, it is the authors’ belief that the procedure can be 
exported to other regions.

The Civil Protection of the Veneto and Trentino Regions expressed a concrete interest in 
developing the methodology. Furthermore, the FVG Civil Protection is planning to export the 
methodology during the next European Projects with Austria and Slovenia. In Friuli Venezia 
Giulia,	 earthquakes	are	often	near	 the	border.	Therefore,	 sharing	 the	procedures	 and	 the	 tools	
could	 improve	 the	 cross-border	 interoperability	 in	 the	 case	 of	 an	 earthquake	 for	 the	 rapid	
estimation	of	the	seismic	impact..	
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