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ABSTRACT

VISUS: a pragmatic expert-based methodology 
for the seismic safety triage of school facilities
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Fisica e Ambiente, Università degli Studi di Udine, Italy
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Ensuring	 the	 safety	of	 people	 from	natural	 hazards	 is	 one	of	 the	main	 concerns	of	
decision-makers	in	disaster-prone	territories,	particularly	with	reference	to	important	
public buildings, such as schools. This requires the definition of a rational and effective 
strategy for risk reduction, based on the preliminary knowledge of the level of risk, 
critical	situations,	possible	countermeasures,	and	related	costs.	Working	towards	this	
aim, the SPRINT-Lab researchers of the University of Udine (Italy) developed the 
VISUS methodology (Visual Inspection for defining Safety Upgrading Strategies). 
VISUS	is	a	midway	approach	between	data-mining	assessments	and	technical	detailed	
evaluations. Through the pre-codification of the expert-reasoning process, VISUS 
permits	the	implementation	of	a	pragmatic	technical	triage	for	planning	purposes.	The	
outcomes	of	the	assessment	process	are	simple	graphical	indicators	that	summarize	the	
evaluations, pointing out the main weaknesses and the needs of intervention for each 
school. Applications demonstrate that VISUS provides an effective decision-making 
tool	for	planning	risk	mitigation	on	a	regional	scale.
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1. Introduction

The	impact	of	disasters	greatly	affects	children	and	youth;	this	is	particularly	true	if	natural
hazards	strike	school	facilities,	killing	or	hurting	students,	teachers,	and	educational	personnel,	
and	affecting	the	education	system.	During	the	2010	earthquake	in	Haiti,	some	38,000	students	
and	1,300	teachers	and	educational	personnel	died,	and	almost	4,200	school	facilities,	including	
the Ministry of Education building, were destroyed or damaged (UNICEF, 2010). During the 
2008 Sichuan earthquake in China, approximately 10,000 students died in their classrooms and 
more than 7,000 schoolrooms collapsed (Bastidas and Petal, 2012).

The	potential	magnitude	of	impacts	highlights	that,	particularly	in	earthquake-prone	areas,	the	
personal safety of individuals in private and, especially, in public school facilities is a legitimate 
concern	for	administrators	and	decision-makers.	In	fact,	they	should	outline	proper	strategies	for	
managing and enhancing the safety of individuals; in order to achieve this goal, decision-makers 
should define specific policies for an effective Disaster Risk Reduction (DRR). In order to settle 
on	proper	DRR	strategies	when	dealing	with	a	multitude	of	buildings	at	risk,	decision-makers	
should have, first, an overall view of the problem they have to face. Concerning the seismic safety 
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of schools, decision-makers need to have the following information:
•	 the	number	of	school	facilities	at	risk;
•	 the	potential	critical	situations	associated	with	each	school	facility;
• an overall evaluation of safety conditions (i.e., a synthesized judgement) for each school 

facility;
• the estimated intervention needs and the associated costs;
• the effectiveness of interventions within a comprehensive evaluation of safety.
A specifically designed methodology would facilitate the decision-makers supporting and 

addressing the definition of effective and rational strategies for risk reduction. This decision-
making methodology will provide a global overview of the situation of all of the facilities in the 
inspected territory. Furthermore, it will facilitate the assessment, for each facility, the risk level, the 
safety weaknesses, the intervention needs, and the potential costs. With this information, decision-
makers will be able to plan which facilities to approach first, also considering the estimates of 
the required budget allocation and the safety level achieved with the interventions. The planning 
strategies also depend on how many buildings could be intervened with the available resources 
(e.g., funds, time, manpower, etc.). Furthermore, the decision-making process should also make 
allowances for political requirements (e.g., the development of a specific territory, the availability 
of funds on specific issues, etc.). In practice, it is preferable to provide and support decision-
makers with the required elements to properly depict an overall framework, with which they can 
outline their strategies. Moreover, the methodology should help decision-makers to inform the 
community about the assessed level of safety, the proven effectiveness of planned interventions, 
the fairness of their decisions, and, therefore, the motivations behind their choices (Government 
Office for Science, 2012).

Nowadays, many approaches exist which facilitate the assessment of the seismic safety of 
buildings	in	order	to	plan	risk-mitigation	strategies	at	a	regional	or	national	scale.	These	approaches	
can	be	grouped	according	to	the	assessment	procedures	and	the	origin	of	the	input	data.	Indeed,	
there are data-mining methodologies based on desk data, which are usually achieved through 
census or inventories of public buildings [e.g., the Risk-UE methodology by, Mouroux and Le 
Brun (2006), or the prioritization scheme for seismic mitigation proposed by Grant et al. (2007)]. 
These methodologies usually estimate the seismic structural behaviour through the adoption of 
fragility curves (e.g., FEMA, 2014) or through estimates obtained with probit equations (e.g., 
Grimaz, 2009). Another common approach is the Rapid Visual Screening (FEMA 154, 2002), 
based on a rapid visual check of predefined elements. The sum of the scores associated with each 
element provides an index expressing the risk level of the building. This procedure is based on 
the statistical analysis of data sets of specific construction typologies. These approaches quickly 
provide some information on a large number of buildings; the results, however, are too much 
coarse to allow the definition of a decision-making support tool for the enhancement of safety in 
school	facilities.

On	 the	 other	 hand,	 there	 are	 sophisticated	 approaches	 based	 on	 a	 detailed	 analysis	 and	
investigation of each building, which uses mechanical models and structural simulations for the 
evaluation of structural vulnerability [for an overview of these methodologies, see Calvi et al.	
(2006)]. These methodologies usually involve long periods of time, high associated costs, and 
quantitative input data. For these reasons, they are usually used on a small number of buildings. 
Furthermore, the focus of the mechanical models is the structural seismic response; usually, non-
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structural	 elements	 and	 functional	 aspects	 are	 only	 indirectly	 considered,	 and	 site	 conditions,	
generally, are not deeply investigated.

In order to outline a quick and comprehensive methodology with the specific capability of 
meeting the requirements of decision-makers, the researchers at SPRINT-Lab at the University 
of Udine (Italy) developed the VISUS (Visual Inspection for the definition of Safety Upgrading 
Strategies) methodology. The VISUS methodology operates at an intermediate level of 
knowledge between data-mining and detailed technical assessments (Fig. 1). The purpose of 
VISUS is to implement decision-making support tools to define and provide guidelines for risk-
mitigation strategies for school facilities into a framework of a comprehensive safety assessment 
(GADRRRES, 2012) and through a pragmatic procedure based on expert-based technical triage.

2. VISUS methodology

Earthquake protection and disaster medicine feature several similarities in terms of the “nature 
of	the	problem	to	face”,	especially	when	it	 is	necessary	to	manage	a	problem	at	a	 large	scale.	
Starting from this consideration, the SPRINT-Lab researchers developed the VISUS methodology 
by	borrowing	the	approaches	used	in	medical	sectors,	and	adapting	them	to	technical	applications.	
This idea derived from the observation that, in the medical sector, consolidated methodologies of 
triage exist for assessing rapidly and pragmatically a large number of patients in order to evaluate 
their needs as well as to direct them towards necessary interventions or treatments (Iserson	and	

Fig. 1 - Pyramid of the levels of knowledge related to different approaches and methodologies.
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Moskop, 2007a). The SPRINT-Lab researchers recognized that an analogous situation occurs in 
the	safety	assessment	of	a	large	number	of	buildings,	particularly	in	school	facilities.	Indeed,	it	is	
necessary to identify and characterize, through a rapid visual inspection, the specific intervention 
needs for each school facility, and to support the definition of safety-upgrading strategies and/or 
priorities	at	a	regional	scale.

Although earthquake protection and disaster medicine seem like very different issues, they can 
be approached by adopting a similar methodology, even if the VISUS methodology deals with 
safety	and	technical	problems	rather	than	health	and	medical	problems.

Starting from the above-mentioned parallelism, the researchers considered the following points 
of	reference	for	the	design	and	implementation	of	VISUS.

a) Technical triage for planning.	 In	 the	case	of	DRR	of	public	 facilities,	 it	 is	necessary	 to	
establish a plan for intervention, since the actual available resources generally tend to be less 
than	the	resources	which	are	needed.	When	working	with	a	limited	amount	of	resources	in	terms	
of money, time, and people, a triage approach has to be applied (Iserson	and	Moskop, 2007a). 
A	triage	approach	implies	that	the	resources	should	be	allocated	as	well	as	possible,	according	
to predefined values and objectives (Iserson	and	Moskop, 2007b). A balance should be found 
between the resources used for the assessment phase, and the resources for the interventions. 
This implies that the assessment methodology should be “as simple as possible, but not 
simpler”, in order to limit the time and cost of the assessment phase but provide, at the same 
time, effective outcomes.

b) Rapid and optimized data collection. The	 procedure	 for	 data	 acquisition	 should	 be	 as	
detailed as necessary, in order to provide useful and operative information for the assessment. In 
order to set up an effective survey procedure, the SPRINT-Lab researchers analysed the expert 
approach when he/she has to express a comprehensive judgement of a multitude of learning 
facilities. The knowledge of an expert permits him/her to identify and acquire the substantial 
information for assessing safety and, with this information, to formulate a judgement. The 
analyses revealed that a visual (or sensorial) inspection provides most of the information in a 
limited amount of time. Therefore, the VISUS methodology relies on a rapid and visual data 
acquisition process (survey) that is modelled after the expert approach. In order to optimize the 
data collection, the substantial elements that an expert would identify have to be codified into a 
predefined scheme. This will permit the surveyor to easily recognize the presence or absence of 
those	substantial	elements.

c) Effective communication of the outcomes.	 In	 order	 to	 make	 the	VISUS	 methodology	
effective, it is essential to effectively communicate the outcomes. For this reason, by adopting 
the	 principles	 of	 ergonomics,	 SPRINT-Lab	 researchers	 defined	 a	 set	 of	 graphical	 indicators,	
which	 permit	 the	 simple	 and	 immediate	 communication	 of	 the	 outcomes	 of	 the	 safety	
assessments.	VISUS	graphical	indicators	are	suitable	for	different	communication	purposes,	i.e.,	
to	 transmit	 the	safety	outcomes	to	decision-makers,	and	to	permit	 them	to	communicate	 those	
outcomes	to	the	public.

The above points led the researchers to design and develop VISUS as an expert-based assessment 
methodology. In particular, the Elementary Scenario Reasoning (ESR) technique (Grimaz and 
Pini, 1999) was adopted, for analysing and pre-codifying the expert reasoning process.
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2.1. ESR technique
When an expert is called in to provide a safety analysis after a rapid inspection (usually visual), 

and to develop a brief description of the critical situations and the intervention needs, his/her 
reasoning process can be associated with the following general questions:

•	 what	substantial	information	needs	to	be	gathered?
• how should that information be considered in the evaluation?
• how should the judgement be expressed?
The authors assume in this paper, the definition of expert judgement provided by Meyer 

and Booker (2001), i.e., “an informed opinion based on the expert’s training and experience”. 
Therefore, the ability to formulate a judgement moves from the expert’s capacity to read and 
interpret the reality, through the identification and the evaluation of the substantial elements. In the 
evaluation process, the expert organizes the acquired data according to pre-elaborated conceptual 
frameworks and heuristics. Then, with the implementation of specific rules and criteria, the expert 
achieves the final judgement. The ESR technique splits this mental process into two main phases: 
the characterization and the evaluation phases (Fig. 2). By adopting a procedure for the expert’s 
knowledge elicitation, the technique makes the reasoning process explicit (Fig. 3).

The distinction between the characterization and the evaluation phases provide two separate 
considerations, namely the ability to characterize the situation and the ability to evaluate it. 
Therefore, the approach allows the introduction of the role of the surveyor, as one “who is able to 
acquire the substantial information for the formulation of an expert judgement”. Once the expert’s 
reasoning is pre-codified, it is possible to train (non-expert) surveyors so that they can examine 
the situation and check for the presence of the pre-codified substantial elements (or elementary 
scenarios). Subsequently, the rules and criteria defined for the evaluation phase are applied to the 

Fig. 2 - Steps of reasoning process 
of an expert for the judgement 
formulation	 and	 the	 reporting,	 as	
conceived in the ESR technique 
(Grimaz and Pini, 1999).
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collected data (manually or automatically), the final judgements are achieved, and the outcomes 
can be represented through the graphical indicators and reports. In this framework, the predefinition 
of	the	graphical	indicators	standardizes	the	outcomes	and	facilitates	the	communication	of	results,	
providing both specific information and global overview.

The	elementary	scenarios	could	be	represented	in	different	ways,	i.e.,	through	the	description	
of the features (Grimaz and Pini, 1999), the definition of index classes (Grimaz et al., 1995), 
or the use of pictograms (adopted for the application of the VISUS methodology and described 
below).

The evaluation phase can be based by different types of rules and criteria: numerical algorithms 
(Grimaz and Pini, 1999), logic trees (Grimaz and Malisan, 2013), fuzzy sets (Grimaz et al., 2011), 
matrices (Grimaz et al., 1995), simplified calculations (Gattesco et al., 2011), etc.

In order to implement a “pragmatic” methodology for the assessment, the Pareto principle (or 
80/20 rule) has been adopted. The 80/20 rule states that 20% of the known variables will account 
for 80% of the results (Basile, 1996). For this reason, experts should expend particular effort 
to identify the most relevant elements describing the universe of the pre-codified elementary 
scenarios and discard the secondary data (Fig. 4); the purpose is to acquire only the essential data 
for achieving a sufficiently reliable judgement.

2.2. VISUS: an expert-based methodology
The SPRINT-Lab researchers applied the ESR technique to define the VISUS methodology. 

The first application of VISUS was in the field of seismic engineering. The goal of VISUS 

Fig. 3 - ESR technique. Elicitation of expert’s knowledge for defining expert-based methodologies.
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Fig. 4 - Framework of the characterization phase for triage assessment.

implementation was “to define a quick and pragmatic tool as a support for decision-makers in 
the definition of safety upgrading strategies of existing schools”. Furthermore, the concept of 
“seismic safety” was defined as the condition in which, as consequence of an earthquake, no 
injuries or deaths occur (Fig. 5). Considering the seismic hazard, the judgements on safety were 
made according to five main issues (Fig. 5), which are: site, global structure, local structure, non-
structural elements, and functional aspects (a short description of each of them is provided below). 
The application of the expert’s knowledge elicitation process permitted the implementation of 
VISUS as an expert-based methodology, referring to the life safety performance, and focusing on 
the five main safety issues.

During the development of the VISUS methodology and its adaptation to a specific risk 
assessment, the SPRINT-Lab researchers identified and pre-codified the substantial elements that 
could help to characterize each safety issue. At the same time, they also defined the rules and 
criteria to apply to the substantial elements in order to reach final judgments.

In	the	following,	the	strategies	and	criteria	adopted	for	the	implementation	of	the	main	phases	
of VISUS (characterization, evaluation) and the use of graphical indicators for final reporting 
purposes	are	described.

2.3. The characterization phase
The characterization phase is based on the capacity of a VISUS surveyor to recognize, in 

the reality he/she is observing, the elementary scenarios pre-codified by experts. Therefore, the 
characterization phase strongly relies on the pre-codification of the elementary scenarios. These 
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will permit the acquisition of the substantial elements of the reality, discarding the trivial elements, 
and therefore accelerating both the survey and the evaluation phases. The identification and pre-
codification of the elementary scenarios are carried out through a brainstorming of experts (both 
VISUS and specific-risk experts) and applying an elicitation process based on the ESR technique. 
Although this process requires high-level expertise and a specific approach to the problem, it 
simplifies the characterization phase considerably. Indeed, the characterization is based on the 
visual identification/recognition of the elementary scenarios previously defined and therefore it 
allows that the surveyor may have shallow knowledge of the methodology and of the approach.

The	assessment	of	safety	requires	the	consideration	of	all	of	the	elements	that	could	potentially	
cause injury or death, and therefore requires the adoption of a holistic approach. In the case of 
seismic safety assessment, the VISUS methodology considers the five main issues previously 
mentioned: site, global structure, local structure, non-structural elements, and functional aspects. 
Fig. 6a shows the pictograms identifying the different elementary scenarios for each main issue. 
The	critical	site	issues	can	be	represented	by	unstable	conditions,	such	as	impending	rock	falls	or	
landslides, faults in the near field, cavities in the ground, potential liquefaction, inundated areas, 
etc. The presence of one of these conditions implies the need to evaluate the possibility of, for 
example, retrofitting the building or moving it to another, more stable site. The global structural 

Fig. 5 - The seismic safety issues considered in the VISUS methodology.
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outcomes	 can	 be	 synthesized	 through	 elementary	 scenarios	 indicating	 the	 global	 robustness	
of the structure (assessed through simplified calculation methods, fragility curves, or expert 
judgement). In addition, the recognized scenarios allow the identification of additional structural 
global	problems,	such	as	the	presence	of	crumbling	structural	material,	torsion	along	one	or	both	
principal	directions,	non-uniformity	of	robustness	along	the	principal	directions,	or	 inadequate	
structural	 lateral-load-resistant	 elements.	 The	 local	 structural	 scenarios	 focus	 instead	 on	 the	
behaviour of some parts of the structure, such as walls, roof, slabs, etc.; the list of local structural 
scenarios could change slightly country by country, depending on construction typologies. Fig. 
6b shows some examples of local structural elementary scenarios, with a short description and 
photos	in	support	of	the	recognition	process.	Non-structural	characteristics	include	the	potential	
problems connected with the presence of non-structural elements that can fall, causing injury or 
death (e.g., false ceilings, bookcases, chimneys, etc.). In this case, the elementary scenarios point 
out	the	potential	problems	inside	and	outside	the	building,	including	if	any	element	could	fall,	
slide, or overturn on people. Finally, functional aspects are evaluated, such as the assessment of 
the egress system and of the meeting points, since even the possibility to easily leave the building 
and reach a safe place is a primary aspect of the seismic safety evaluation.

The elementary scenarios could refer either to a typology (i.e., typological elementary scenario) 
or to a behaviour (i.e., behavioural elementary scenario). A surveyor can identify a typological 
elementary scenario through the observation of the building and the comparison (a sort of pattern 
recognition) with the graphical scenarios. The behavioural elementary scenarios, instead, are 
based on the recognition of a (generally structural) behaviour: this can imply that the surveyor has 
to recognize different features characterizing the specific behaviour (for example, the presence 
of braces, the rigidity of a diaphragm, etc.). The identification of a typological scenario is usually 
very simple for the surveyor, and little training is required. On the other hand, the recognition 

Fig. 6 - VISUS characterization. Icons identifying the pre-codified elementary scenarios (a). Example of instructions 
for recognizing the elementary scenario in same cases related to the structural local issue (b).

a b
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of a behavioural scenario requires a trained surveyor, but this both reduces the “work” of the 
surveyor (in terms of number of features to recognize) and simplifies the evaluation process, 
since simple evaluation will have already been done by the surveyor. Moreover, the ability to 
identify behavioural scenarios should be learned by the surveyors, and this implies that they 
should be adequately trained. For this reason, VISUS can also be seen as a capacity-building and 
knowledge-transfer	tool.

During the surveys, specific forms (and/or tablet-based apps) support the surveyor for the 
data collection. The forms permit the rapid collection of the data and show to the surveyor the 
substantial elements he/she has to recognize during the survey. The survey procedure also requests 
pictures to support the observations.

2.4. The evaluation phase
Once the VISUS surveyor has completed the characterization phase, the data are available for 

the evaluation. The evaluation phase can be developed either manually (experts apply the pre-
codified rules and criteria) or in an automatic way, through the definition of algorithms based on 
the predefined rules and criteria. Therefore, judgements are rapidly and automatically expressed 
for each main issue, and the results are provided according to the VISUS predefined indicators.

The identification of the rules and criteria for the evaluation requires a collaboration of ESR 
and technical experts, in order to elicit the technical expert’s approach for the definition of the 
judgement. During the development of VISUS for the assessment of seismic risk in school 
facilities, the SPRINT-Lab researchers were at the same time ESR and seismic risk experts. The 

Fig. 7 - The expert uses his experience to define a judgement: a) the expert is able to recognize specific features/
characteristics associated with a specific potential critical effect (predisposition); b) the expert associates the 
predisposition with a potential critical behavioural effect and the likelihood of the critical effect activation.
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adopted criteria were based on the experience derived from the direct observation of seismic 
damage, comparing the pre-event situation (“reference behavioural scenario”) with the associated 
“critical behavioural effect” (Fig. 7). This approach splits the evaluation process, considering 
two aspects separately: a) the predisposition of specific configurations to produce predefined 
critical behavioural effects in case of an event (Fig. 7a) and, b) the likelihood of the critical effect 
activation as a consequence of a specific ground motion magnitude (Fig. 7b).

Fig. 8 shows the example of the pre-codified process for the evaluation of a specific local structural 
effect. In particular, the example illustrates the criteria defined for the “soft storey” effect. The form 
presents a brief description of the effect, and a sketch that illustrates the “reference behavioural scenario” 
and the “critical behavioural effect”. The form is divided in two parts: first, tables and criteria allow 
the assessment of the “potential critical class” associated with the effect, then other tables and criteria 
allow the evaluation of the “gravity class” which could be associated with the effect. A specific table 
shows and characterizes the pre-identified “predisposing elements”, which are considered relevant to 
the effect. Through the implementation of specific criteria (defined by experts), it is possible to assign 
the “potential critical class” to the effect. The “potential critical class” could be:

• “not activable” (i.e., not capable of being activated);
• “not critical”;
• “dangerous for value or content”;
• “dangerous for people”.
If the evaluation of the “potential critical class” is “not activable” or “not critical”, the procedure 

stops, since there are no concerns on that specific effect. Otherwise, it is necessary to proceed with 
the estimation of the influence of the “inhibiting elements” (described in a specific table). By 

Fig. 8 - Example of VISUS form for the evaluation of the local structural effects. The example concerns the “soft 
storey”	effect.
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considering the effect of the “inhibiting elements”, the evaluation criteria associate an outcome 
with the potentially critical effect in terms of gravity class. The potential outcomes are:

• “deactivated effect”;
• “partially inhibited or controlled effect”;
• “potentially activable effect - dangerous for value or content”; 
• “potentially activable effect - dangerous for people”.
Fig. 9 shows a sketch of the evaluation procedure with reference to the “soft storey” effect: the 

analysis of the characterized substantial elements identifies the “reference behavioural scenario”, 
which is predisposed to a specific critical effect. Every critical effect was studied and the experts 
defined the magnitude of the hazard that could activate (trigger) the critical effect. Grimaz and 
Maiolo (2010) and Grimaz and Malisan (2014) illustrated some examples of seismic damage 
to industrial facilities and lifelines, and buildings prone to near field effects, respectively. The 
observations were used to define and improve the definition of the trigger values in the trigger 
matrix (Fig. 10). The trigger matrix associates the likelihood of activation to each behavioural 
scenario (and to the related critical effect) considering different levels of magnitude of the 
action. In the seismic case, and for VISUS evaluations, the reference parameter describing the 
magnitude	of	the	hazard	is	the	macroseismic	intensity.	Local	relationships	allow	the	association	
of the macroseismic intensity with the peak ground motion values [PGA,	PGV: Gómez Capera 
et al. (2007)] which are usually defined in national seismic hazard maps. VISUS methodology 
considers three levels of likelihood for the activation of the critical scenario with the defined 

Fig. 9 - Sketch of the evaluation procedure: from the recognition of elementary scenarios (characterization) to the 
evaluation of predisposition and activation. 
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action level (Figs. 9 and 10): rare, possible, and almost certain. A graphical indicator illustrates 
the anticipated potential activation (activability) of each recognized effect (Fig. 9).

Each “critical behavioural effect” is evaluated according to the potential effects on people’s 
safety, in the case the effect is activated. The evaluations are expressed through three gravity or 
Warning Levels (WL), describing the potential consequences on personal safety:

Fig. 10 - Extract of the trigger matrix for defining the activability condition of same critical effects (local structural 
effects). 

Fig. 11 - VISUS graphical indicators: indicators for the warning levels (a) or structural performance class (b), rose of 
intervention needs (c), and safety stars (d).

(*) the ranges of PGA associated to Macroseismic Intensities are defined adopting the
 equations proposed in Gómez Capera et al. (2007).
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• WL0: absence of concerns for personal safety;
• WL1: potentially difficult situations for personal safety;
• WL2: potentially heavy consequences for personal safety.

2.5. VISUS graphical indicators
The evaluation process assigns a final judgement to each main safety issue. Here arises the 

delicate problem of using appropriate language to efficiently communicate the results of the 
evaluation to the end-users (mainly public administrators and decision-makers, often without a 
technical background). In order to allow a synthesized visualization of the outcomes, the VISUS 
methodology adopts the main principles of ergonomics to provide a set of graphical indicators 
(Fig. 11). The VISUS graphical indicators are:

• Warning level (Fig. 11a): the indicator expresses the warning level in terms of potential 
negative consequences for personal safety (WL0, WL1, WL2), using the visual analogy of 
the acoustic level of a siren alarm;

• Structural performance class (Fig. 11b): this indicator synthesizes the evaluation of the 
structural performance of a building (Grimaz et al., 2011). If only poor data are available, 
the performance class is expressed through the warning level indicator. Instead, if 
quantitative detailed data are available, a specific performance class indicator is adopted, 
recalling	the	energy-label	classification.	Analogous	with	the	method	adopted	for	indicating	
the	 energy-efficiency	 classes	 of	 houses,	 the	 performance	 class	 label	 assigns	 a	 structural	
performance	class	to	each	building;

• Rose of intervention needs (Fig. 11c): the rose of intervention needs summarizes in a 
single	 graphical	 indicator	 the	main	 critical	 situations	of	 the	building	 assessed,	 according	
to the evaluation of the five safety issues (site, global structural, local structural, non-
structural, and functional weaknesses). The symbol synthesizes the judgements on the five 
safety	issues	by	associating	a	warning	needle	to	each.	The	length	of	each	needle	identifies	
the level of warning (WL0: no needle; WL1: short needle; WL2: long needle). Therefore, 
one	or	more	needles	indicate	the	presence	of	safety	warnings	in	the	building,	while	a	rose	
without needles means that the building has achieved the safety goal, and no intervention is 
required;

• Seismic safety stars (Fig. 11d): all of the evaluations are synthesized in the assignment of 
the	 safety	 stars.	The	concept	behind	 the	 seismic	 safety	 stars	 is	 similar	 to	 that	adopted	 in	
other fields where a comprehensive judgement is required (e.g., quality of hotels, quality of 
cars, etc.). At the end of the assessment, each star is assigned when specific requirements 
are satisfied. The stars are assigned progressively, according to the following criteria:
- No star assigned: unsuitable site (presence of WL2 for site);
-		1st star assigned: the site is suitable (there is no WL2 for site). This means that there are 

no severe natural or man-made threats affecting the site in which the school is located;
-	 2nd star assigned: stability of the building (there is no WL2 for structural global 

evaluation of structures). This means that the global collapse of the building is very 
unlikely	considering	the	seismic	action	defined	in	the	seismic	codes;

-	 3rd star assigned: life safeguard (absence of WL2 in any safety issue). There are no 
critical situations that could imply heavy consequences on personal safety (this implies 
no collapses or critical falls of non-structural elements);
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Fig. 12 - Schematic representation of the VISUS methodology. VISUS permits the passage from the expert assessment 
to an expert-based surveyor investigation, and the pre-codified evaluation and standardized reporting.
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-	 4th star assigned: rapid resumption of operations (absence of WL1 for structural global 
and local). There are only criticalities that could imply difficult situations for personal 
safety;	this	implies	no	diffuse	damage;

- 5th star assigned: immediately operational (absence of WL1 for all issues). After the 
event, it is possible to immediately reuse the school without interventions.

The set of VISUS graphical indicators proved very useful for the definition of a pragmatic 
decision-making support tool. In fact, VISUS graphical indicators express the seismic safety of 
each school facility, distinguishing the evaluation results for each main safety issue; furthermore, 
they address the necessary interventions for each school. Therefore, the decision-making tool 
based on the VISUS graphical indicators facilitates the definition of a list of priorities for risk-
reduction actions, according to different political and administrative criteria. At the same time, the 
graphical indicators help maintain a clear vision of the overall scenario. In fact, the performance 
class shows the structural resistance compared to current standards; the rose of intervention needs, 
taking into account all the factors contributing to the risk definition, represents a sort of report of 
the situation; and the seismic safety stars globally define the “safety performance” by referring to 
the	main	indicators	of	seismic	safety.

Fig. 12 depicts the VISUS methodology as the result of the passage, using the ESR technique, 
from the expert assessment to an expert-based surveyor investigation. The figure also synthesizes 
the entire VISUS methodology, highlighting the phases of characterization and evaluation.

All the VISUS indicators are grouped into the VISUS panel (Fig. 13c), which is one of the tools 
supporting the decision-making process. The VISUS panel defines the priorities of interventions 
on the basis of criteria defined by public administrators. The costs for the safety upgrade of each 

Fig. 13 - Outcomes of the VISUS methodology after the application on the 1022 schools in Friuli Venezia Giulia (north-
eastern Italy): a) the schools were geo-referenced and included in a GIS, together with the outcomes of VISUS; b) a 
report was developed for each school; c) the outcomes were synthesized through the VISUS indicators in a collective 
report (VISUS panel).
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school were computed by taking into account the outcomes of the rose of intervention needs and 
increases associated with specific recognized conditions (e.g., constraints associated with cultural 
heritage buildings, difficulties associated with site construction, location).

3. Examples of application of the VISUS methodology

The VISUS methodology was first adopted during the ASSESS project (Grimaz et al., 2016) to 
study the seismic risk of school facilities as well as to define useful tools to reduce such risks. The 
ASSESS project facilitated the application and validation of the VISUS methodology in more than 
1,000 schools in the Friuli Venezia Giulia region (north-eastern Italy) (Fig. 12a). It also enabled 
the comparison of the results of deep investigation with the results of a visual approach (VISUS 
methodology). The favourable comparison of VISUS proved the efficacy of the methodology as 
triage. The ASSESS project promoted the input of experts on VISUS methodology, and technical 
experts on seismic hazard, structural seismic behaviour, non-structural elements, and functional 
aspects. The methodology was tested during many surveys performed directly by experts in the 
field of seismic engineering, and these surveys allowed some novice VISUS surveyors to be 
trained. At the end of the project, a report was developed for each school (Fig. 12b), illustrating 
the outcomes. The VISUS panel further synthesized the outcomes in a collective report for all the 
schools (Fig. 12c).

Fig. 14 - Application in El Salvador. The stars pinpoint each assessed school complex (S.C.). The colour of the marker 
indicates the number of achieved VISUS safety stars.



108

Boll. Geof. Teor. Appl., 57, 91-110 Grimaz and Malisan

Subsequently, UNESCO adopted the VISUS methodology and applied it to the assessment of 
school facilities during a pilot project in El Salvador. After a short (24 hours) course, 15 university 
students (5th year - faculty of civil engineering at the University of El Salvador) were trained, and 
the utilization of VISUS increased their knowledge in the field. In ten days, the students analysed 
100 schools (Fig. 14), with a total number of 494 structural units in the departments of La Libertad 
(costal area), La Paz (rural area, mountain area), and San Salvador (urban area).

UNESCO submitted the VISUS methodology (in terms of both procedure and results) to an 
international committee of experts during the seventh session of the International Platform for 
Reducing Earthquake Disaster (IPRED) on May 2014, in Kazakhstan. The reason for this was to 
obtain an authoritative evaluation of the applicability of VISUS as a technical triage and capacity-
building tool within the Comprehensive School Safety framework (GADRRRES, 2012). As a result, 
a UNESCO resolution recommended that governments implement efforts necessary to improving 
the safety of educational facilities, including among others, the development of assessment by a 
rapid triage method such as VISUS (UNESCO Resolution May 30, 2014, Almaty, Kazakhstan).

4. General remarks on VISUS methodology

The application of the VISUS methodology in different contexts has given rise to the following 
considerations, organized according to specific key points.

- Role of the expert: VISUS relies fundamentally on the knowledge of the involved experts. The 
elicitation process is the most delicate phase. VISUS requires experts in the technical subject that 
will be analysed (for example, civil engineering) and experts in the ESR technique, who consult 
the technical experts and investigate the expert’s mental processes, which are often “unconscious”. 
This	 is	particularly	 important	 for	 the	adaptation	of	 the	methodology	 to	 the	peculiarities	of	 the	
country where VISUS will be applied (in terms of typologies, construction characteristics, quality 
of materials, etc.).

- Technical triage as a tool for decision-making:	the	principal	outcome	of	VISUS	is	a	decision-
making	tool	designed	for	administrators	and	decision-makers	to	simplify	and	settle	the	basis	of	
their decisions. The decision-making support tool is designed to provide simple answers to the 
main	concerns	of	public	administrators	for	DRR,	thus	identifying	the	global	situation,	the	safety	
weaknesses, the intervention requirements, and the relative costs. The VISUS assessment plays 
the	role	of	technical	triage	and,	when	required,	suggests	to	the	decision-makers	to	proceed	to	a	
deeper assessment with a more detailed investigation. 

- Outcomes for intervention planning:	 the	 VISUS	 methodology	 aims	 at	 implementing	 a	
decision-making support tool in the definition of risk-mitigation strategies. The outcomes of the 
VISUS methodology, presented with graphical visual indicators, permit the use of VISUS for 
planning effective intervention strategies for risk reduction, with a multi-criteria approach.

- Uniformity of judgements: the separation of the two phases of characterization and evaluation, 
and the definition of the pre-codified elementary scenarios and criteria and rules for evaluation, 
result in standardized evaluations and judgements on safety issues, even if different surveyors did 
the	characterization.

- Communication: the outcomes, presented as graphical indicators, were revealed to be 
effective tools for the communication. The data can be entered into a Geographical Information 



VISUS: a methodology for the seismic safety triage of schools  Boll. Geof. Teor. Appl., 57, 91-110

109

System (GIS) application and represented on maps, according to multi-criteria queries.
- Knowledge transfer and capacity building:	the	VISUS	methodology	permits	the	transfer	of	

knowledge from an expert to a non-expert (who is a trained surveyor). The application of VISUS 
during the ASSESS project revealed that the VISUS methodology is very easy to learn, while the 
trial during the pilot project in El Salvador proved that VISUS is a good tool for capacity-building 
purposes.	

- Adaptability and extendibility:	VISUS	is	a	methodology	based	on	a	framework	that	allows	
the tailoring of specific tools to decision-making in different fields and for different aims. The 
methodology can be adapted to different local features and to different hazard/threats. The ESR 
technique can be extended to specialists of different hazards, in order to obtain a comprehensive 
multi-hazard	assessment.

5. Conclusions

VISUS is a methodology developed as an expert-based procedure for the assessment of the 
safety of public buildings, and more specifically of school facilities. Specific application of the 
methodology demonstrated that VISUS constitutes a valid decision-making support tool for public 
administrators and decision-makers in defining effective strategies for safety upgrading. 

The experience highlighted that VISUS graphical indicators simplify the communication of 
the results of safety assessments. Furthermore, the methodology is adaptable and customizable to 
the specific needs, competencies, and hazards of different countries around the world. 

Even if VISUS was originally developed to assess the seismic safety of schools, it can be easily 
extended to different hazardous scenarios, such as floods, hurricanes, fire, and even for evaluating 
ordinary maintenance conditions. This extension appears necessary if a comprehensive safety 
assessment	is	required.	In	fact,	considering	safety	as	a	condition	in	which	no	one	gets	hurt	or	dies,	
it is necessary to analyse each situation that could cause difficulties, harm, or even death. Therefore, 
it is necessary to consider every hazard or threat that could plausibly affect the school and the users. 
Currently, the authors are working to extend the VISUS methodology to fulfil this ambitious aim.

Acknowledgements. The authors would like to express their gratitude to the members of the ASSESS 
working group for helping and supporting the development and the first application of VISUS methodology. 
A special thanks to A. Makarigakis and J. Torres (UNESCO, Earth Sciences and Geo-Hazards Risk 
Reduction, Natural Science Sector) for believing in this methodology, and for supporting its application. 
We would also like to express our gratitude to the reviewers E.A. Peña Figueroa and F. Meroni for their 
valuable comments and suggestions, which improved the quality of the paper.

REFERENCES

Basile F.; 1996: Great management ideas can work for you. Indianapolis Business J., 16, 53-54.
Bastidas P. and Petal M.; 2012: Assessing school safety from disasters. A global baseline report.	ISDR	thematic	platform	

for knowledge and education, United Nations Office for Disaster Risk Reduction (UNISDR), New York, NY, USA, 
103	pp.,	<http://www.unisdr.org/files/35274_2012schoolsafetyglobalbaseline.pdf>.

Calvi G.M., Pinho R., Magenes G., Bommer J.J., Restrepo-Vélez L.F. and Crowley H.; 2006: Development of seismic 
vulnerability assessment methodologies over the past 30 years.	J.	Earthquake	Technol.,	43, 75-104.

FEMA; 2014: Earthquake loss estimation methodology. Hazus® MH MR5. Advanced Engineering Building Module 
(AEBM). Technical and user’s manual. U.S. Department of Homeland Security, Federal Emergency Management 
Agency, Mitigation Division, Washington, DC, USA, 119 pp., �119 pp., �	<http://www.fema.gov/media-library-data/20130726-
1749-25045-0147/hazusmr5_eq_aebm_um.pdf.>, last access April 2015.last access April 2015.



110

Boll. Geof. Teor. Appl., 57, 91-110 Grimaz and Malisan

FEMA 154; 2002: Rapid visual screening of buildings for potential seismic hazard. A handbook. 2nd edition.	 U.S.	
Department of Homeland Security, National Earthquake Hazards Reduction Program, Washington, DC, USA, 164 pp.

GADRRRES; 2012: Comprehensive school safety framework. A global framework in support of the Global Alliance 
for Disaster Risk Reduction and Resilience in the education sector and the worldwide initiative for safe schools, 
in preparation for the 3rd U.N. World Conference on Disaster Risk Reduction, 2015. United Nations Office for 
Disaster Risk Reduction (UNISDR), New York, NY, USA, 6 pp., �http://www.preventionweb.net/files/31059_
31059comprehensiveschoolsafetyframe.pdf>.

Gattesco N., Grimaz S., Barazza F., Franceschinis R., Leita P., Malisan P. and Zorzini F.; 2011: Soglie di priorità per 
l’adeguamento sismico di edifici scolastici costruiti o ristrutturati prima dell’entrata in vigore delle NTC 2008. In: 
Proceedings of the XIV Convegno ANIDIS – L’Ingegneria sismica in Italia, Paper n. 1050, ISBN 978-88-7522-
040-2, CD-Rom.

Gómez Capera A.A., Albarello D. and Gasperini P.; 2007: Aggiornamento relazioni fra l’intensità macrosismica e 
PGA. Progetto DPC - INGV S1, Deliverable D11, INGV Sezione Milano, Italy, Technical report, 12 pp., �http://
esse1.mi.ingv.it/d11.html> (in Italian).

Government Office for Science, UK; 2012: Reducing risks of future disasters. Priorities for decision makers. Final 
project report. The Government Office for Science UK Government, London, UK, Foresight project, 139 pp.,139 pp., 
<http://www.gov.uk>.

Grant D.N., Bommer J.J., Pinho R., Calvi G.M., Goretti A. and Meroni F.; 2007: A prioritization scheme for seismic 
intervention in school buildings in Italy.	Earthquake	Spectra,	23, 291-314.

Grimaz S.; 2009: Seismic damage curves of masonry buildings from probit analysis on the data of 1976 Friuli earthquake 
(NE of Italy). Boll. Geof. Teor. Appl.,Boll. Geof. Teor. Appl., 50,	284-304.

Grimaz S. and Malisan P.; 2013: VISUS-method handbook. Internal report for UNESCO’s Project “Providing decision-
making information and tools for enhancing school safety in El Salvador through school facilities assessment and 
OpenStreetMap sourcing”, contract n. 4500222183-2013, 144 pp.

Grimaz S. and Pini A.; 1999: Valutazione del rischio incendio e della sicurezza equivalente. EPC Libri, Roma, Italy,EPC Libri, Roma, Italy, 
311 pp. (in Italian).

Grimaz S. and Maiolo A.; 2010: The impact of the 6th April 2009 l’Aquila earthquake (Italy) on the industrial facilities 
and life lines. Considerations in terms of NaTech riskConsiderations in terms of NaTech risk. Chem. Eng. Trans., 19, 279-284.

Grimaz S. and Malisan P.; 2014: Near field domain effects and their consideration in the international and italian 
seismic codes. Boll. Geof. Teor. Appl., 55,	717-738.

Grimaz S., Meroni F., Petrini V., Ranù G., Tomasoni R. and Zonno G.; 1995: Expert system for damage assessment of 
buildings in seismic areas. Cahiers du Centre Europeen de Geodynamique et de Seismologie,	12,	83-103.

Grimaz S., Barazza F., Malisan P. and Moretti A.; 2011: Riconoscimento delle evidenze di criticità comportamentale 
degli edifici in caso di terremoto attraverso ispezioni visive. Il metodo VISUS. In: Proc. XIV Convegno ANIDIS, 
L’Ingegneria sismica in Italia, Bari, Italy, Paper n. 918, ISBN.978-88-7522-040-2, CD rom (in Italian).

Grimaz S., Malisan P. and Torres J.; 2015: VISUS methodology: a quick assessment for defining safety upgrading 
strategies of school facilities.	Planet@Risk,	3, 126-136.

Grimaz S., Slejko D., Cucchi F., Barazza F., Biolchi S., Del Pin E., Franceschinis R., Garcia J., Gattesco N., Malisan 
P., Moretti A., Pipan M., Prizzon S., Rebez A., Santulin M., Zini L. and Zorzini F.; 2016: The ASSESS project: 
assessment for seismic risk reduction of school buildings in the Friuli Venezia Giulia region (NE Italy). Boll. Geof.Boll. Geof. 
Teor.	Appl.,,	57,	111-128.

Iserson K.V.	and	Moskop	J.C.; 2007a: Triage in medicine, part I: concept, history, and types.	Ann.	Emergency	Med.,	
49, 275-281.

Iserson K.V.	and	Moskop	J.C.; 2007b: Triage in medicine, part II: underlying values and principles.	Ann.	Emergency	
Med.,	49,	282-287.

Meyer M.A. and Booker J.M.; 2001: Eliciting and analysing expert judgment: a practical guide.	ASA-SIAM,	Series	
on Statistics and Applied Probability, Vol. 7, 492 pp.

Mouroux R. and Le Brun B.; 2006: Presentation of RISK-UE project. Bull. Earthquake Eng., 4, 323-339.
UNICEF; 2010: UNICEF humanitarian action and recovery. Haiti 2010-2011. Mid-year review of 2010 Humanitarian 

action report. UNICEF, New York, NY, USA, 9 pp., �http://www.unicef.org/spanish/infobycountry/files/UNICEF_
Haiti_Humanitarian_and_Recovery_-_Mid-Year-Review_of_the_2010_HAR.pdf>.

Corresponding author:		 Stefano Grimaz
 Dipartimento di Chimica, Fisica e Ambiente, Università degli Studi di Udine
 via Cotonificio 108, 33100 Udine, Italy
 Phone: +39 0432 558731; fax: +39 0432 558700; e-mail: stefano.grimaz@uniud.it


