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ABSTRACT

Earthquake hazard is present in the south-western Iberian Peninsula (southern Portugal and south-western
Spain), going beyond borders. Earthquakes cause important impacts in children. Consequently, schools play a
vital role in increasing the seismic resilience. This can be regarded in two manners: (i) by decreasing the
structural vulnerability launching retrofitting programs and (ii) by increasing the awareness and capacity of the
student population in dealing with the phenomenon before, during and after the event. A project named Projetos
de Escolas Resilientes aos SISmos no Territorio do Algarve e de Huelva, in Portuguese (PERSISTAH) aims the
development of diagnostic tools, evaluation, management and rehabilitation of primary schools in both regions.
Preparing support material for teachers is also intended. All these aims are developed in compliance with the
National Civil Protection Policies of both Portugal and Spain. Both countries have signed the Hyogo and Sendai
Agreements for disaster risk reduction. PERSISTAH proposes accomplishing the following tasks: creating a
hierarchy system for the vulnerability of primary schools (school-score); forming mixed teams with experts from
both countries to evaluate the school buildings; developing recommendations for rehabilitation with practical
implementation in two pilot schools; and developing educational material and a practical guide to support the
education and communication of risk to the school population. The general methodology to generate the school-
score is presented in this paper.
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1. INTRODUCTION

A project for the seismic study of the primary schools of the Algarve and Huelva is being developed.
It has been named Projetos de Escolas Resilientes aos SISmos no Territorio do Algarve e de Huelva,
in Portuguese (hereinafter, PERSISTAH). It is being carried out collaboratively by universities and
institutions of both Portugal and Spain.

The following ideas support PERSISTAH:
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- The singularities of the seismicity of this geographic area.

- The interest on the typology of primary schools and the determination of its vulnerability.

- The generation of a rehabilitation methodology with practical implementation in two pilot
schools (Algarve and Huelva).

- The communication of the seismic risk to the school population.

- The international cooperation for risk reduction.

Regarding the seismicity of this area, it is interesting to note that this area is characterized by the
presence of large faults (such as the Azores-Gibraltar fault) that produce large and very large
earthquakes with long return periods. These long periods make the population unaware of the risk.
Moreover, soft soils are common. In this context, a model to update the seismic hazard of Algarve and
Huelva is being developed.

The project will identify the main typologies of primary schools. Then, a detailed inventory of
constructive and structural characteristics will be made. Later, the vulnerability curves of each
typology will be obtained. A rank (school-score) of seismic school behaviour, based on the hazard,
vulnerability and exposure, will be settled. Finally, retrofit will be recommended for those schools not
reaching a certain level of safety.

Educational material for both the children and the teaching staff will be done. This is a key action that
will try to increase the awareness of the population for the seismic risk.

Finally, under the spirit of Hyogo and Sendai Agreements, there is an added value resulting from the
international cooperation for risk reduction. This will be reached by comparing codes of practice,
construction techniques, civil protection policies and strategies for seismic risk mitigation in the two
regions.

The goal of this manuscript is to present and to develop the concept of school-score. The rest of the
paper is structured as follows. Section 2 introduces the methodology proposed to achieve the project
goals. Preliminary results are reported in Section 3, which are later discussed in Section 4. Finally, the
main conclusions drawn are summarized in Section 5.

2. METHODOLOGY

There are many seismic vulnerability assessment methodologies proposed by different researchers.
These can be divided in three major groups: empirical, analytical/mechanical and hybrid (Calvi et al.
20006). In this project, an empirical and an analytical/mechanical approach have been selected to obtain
a probable damage for each school. Figure 1 shows the flowchart of the developed methodology.
These two approaches — the empirical and analytical/mechanical — are marked in Figure 1 with red and
blue lines, respectively. Both are the critical paths to produce results. On the one hand, the blue path is
intended to analyse groups of school buildings. On the other hand, the red path is to be applied to
individual buildings and it is more accurate. The green colour corresponds to options which will
increase the level of accuracy in the results. The black colour represents the input and the output.

Two different types of response spectra are used to compute the damage for each school site. The first
one is a code-based response spectrum, which depends on the region where the school belongs. The
second one is a general response spectrum, namely resulting from an earthquake scenario.

2.1 Seismic Hazard Analysis

The seismic action used to assess the school damage should be selected in accordance with the seismic
hazard analysis of the region studied. The present seismicity of Algarve and Huelva can be classified
as low-to-moderate (Morales-Esteban et al. 2012) (Figure 2). However, there are many historical
earthquakes with marine epicenter that caused much destruction in those regions (Rodriguez 1932).
The 1755 earthquake is the main example of a seismic event that caused massive destruction in the
southwestern Iberian Peninsula, especially in Algarve (Chester and Chester 2010).

Three different parallel paths are considered for obtaining the seismic action in the PERSISTAH
project: a code-based seismic action, an earthquake scenario and the result of a probabilistic seismic
hazard analysis.
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Figure 1. Flowchart for the assessment of the school-score.
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Figure 2. Instrumental seismicity catalogue from 1961 to 2016 (IPMA-Portugal)

For the first case, the probable seismic action has been computed from the NP EN 1998-1:2010 code
(IPQ 2010), whereas for Huelva the NCSR-02 code (NCSR-02 2002) has been used. The approach
dealing with a code-based response spectrum is used having in mind the seismic retrofitting program
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of the two schools.

For the case of an earthquake scenario, the response spectrum can be obtained from an attenuation
law, recorded accelerogram, or simulated earthquake.

Finally, the seismic action assessment can be carried out for a given return period, through a fully
probabilistic seismic hazard analysis.

Site effects have a major influence on the seismic action. So, whenever the soil profile of a school is
known, the site amplification will be considered.

2.2 Vulnerability Assessment

Dedicated software has been developed to manage the schools seismic safety. It consists of three
different integrated modules: (i) the schools database module, (ii) the seismic actions module, and (iii)
the probable damage assessment module.

A visual screening form has been developed and implemented in the first module. It manages the
information about the schools (Figure 3). It contains parameters such as the general school
identification and a very complete characterization of all constructive-structural independent units
obtained after school inspections. All the compiled data are geo-referenced and can be exported to
external software, like Excel spreadsheets or the Google Earth, for example.
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Figure 3. Example of the software developed for the schools database management.

Two different paths (the blue and the red one, shown in Figure 1) are used in the project to compute
the damage. Five damage states are considered in this study.

The blue path approach (Figure 1) for damage assessment uses the empirical macro-seismic method
(Lagomarsino and Giovinazzi 2006). This method was already used to assess the damage in the
Algarve region (Fazendeiro-S4 et al. 2016; Maio et al. 2016).

The red path corresponds to an analytical/mechanical method in which the first step is to obtain the
schools capacity curves (Figure 4).

Two options are considered in the developed software to compute these curves. For the first option of
the red path (which is the preferred one as it is more accurate), the values are determined for each
individual school through a pushover nonlinear analysis according to the EN 1998-1:2004 (EC8) rules
(CEN 2004).

For the second option, to be considered when no individual structural analysis has been carried out for
a particular school, a simplified typological capacity curve is used to compute the damage and the
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school-score. The typological capacity curve is the mean capacity curve of a set of school buildings
belonging to the same typology. This is randomly generated following the probability distribution of a
set of random variables (for example, the columns cross-section dimensions, the mean span length, the
wall thickness and length, or the number of wall openings).
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Figure 4. Example of a set of capacity curves obtained for an individual school building (using a “uniform” load
pattern and a “modal” load pattern, as proposed in the ECS).

The structural performance point for each school is computed according to the N2 Method (Fajfar
2000), using the iterative procedure proposed in the Annex B of the EC8, when a code-based response
spectrum is used, or according to the Capacity Spectrum Method (ATC 1996), when an earthquake
scenario is considered. Those routines were previously tested with success to evaluate the structural
performance of buildings in Algarve (Estévao 2016) and in Azores (Estévao and Carvalho 2015; Maio
et al. 2017), which are two Portuguese earthquake-prone regions.

Based on the fragility curves of each individual school building, which are computed using the
previously obtained capacity curves, and on the structural performance point, the probabilities of the
school damage reaching different given levels are determined (Figure 5-6).
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Figure 5. Example of fragility curves managed by the developed software.
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Figure 6. Flowchart of the analytical/mechanical methodology adopted.

Finally, the school-score is computed. It depends on the probable structural damage level, as well as
on other different parameters such as the non-structural vulnerability, the total number of students, the
number of possible casualties and the accessibility of the emergency rescue. A multi-criteria scheme is
being developed to permit the assignment of weights to each one of these parameters.

High school-score values indicate that the school is less resilient to earthquakes. The school-score will
establish a hierarchy list for future interventions, which may include structural retrofitting measures.

2.3 School Seismic Retrofitting

In the past, many countries have adopted ambitious programs aiming to increase the earthquakes
schools resilience. This has been the cases of Japan (World Bank 2016) and Venezuela (Lépez et al.
2008; Lopez et al. 2012).

To do so, a biographical review on structural, foundations and constructive rehabilitation techniques
will be done. Then, a specific catalogue for primary schools of Algarve and Huelva with new or
adapted solutions will be created. Finally, the rehabilitation methodology will be tested in the two
schools with worst school-score. This will be used to check the reinforcement techniques and to
optimize them.

2.4 Education and Risk Communication

Children play a vital role in society as they are critical to our future. It is well known the psychological
impact of an earthquake in children, so communicating risk to young children can be challenging
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(Johnson and Ronan 2014). Therefore, in earthquake prone regions, it is very important to make them
aware of and prepared for the seismic risk.

In Portugal, in the framework of the European projects (ECHO programme) some earthquake
education and preparedness materials have been developed and will be used in the PERSISTAH
project, for both the students and educators. Preparedness materials include engaging activities (ready-
to-use, hands-on activities) and easy action steps that students will find both fun and effective. This
will be a Printable Activity Book targeted to educators that are not sure how to teach about earthquake
science and safety.

The following activities will be accomplished. The booklet starts with knowledge about origin of
earthquakes, tectonic plates, specific scientific terms, scales of magnitude and intensity. Students can
work with a map that divides Portugal and Spain into seismic zones. They can color the zones ranging
from Major risk to No risk.

The video game, Treme-Treme® (available at www.treme-treme.pt), will be available at the
PERSISTAH website to educate, train and communicate earthquake risk to players/pupils (7-9 yrs.)
(Ferreira et al. 2016). Another activity will be an “Earthquake Hazard Hunt” where children can pin-
point hazards at home and school and then identify what can be done to mitigate the hazard.

If the activities are engaged properly, students will learn tips and tricks about how to prepare for an
earthquake while at school or at home. Children can share their new awareness into posters or videos
for the classroom or school. Finally, the PERSISTAH project can also promote and award a drawing
competition for children of primary schools.

In this action, planning and earthquake drills will be included in order to prepare children to behave
properly in case of disaster. Second, a series of recommendations to update the acting plans will be
done. Finally, an informative online portal to be visited by educators, students and the public in
general will be created with all the printable educational activities and worksheets. It will include a
section dedicated to the seismic risk of each type of school building.

2.5 Cross Border Cooperation

The United Nations (UN) promoted the International Strategy for Disaster Reduction (ISDR) in 2000
to make a safer World in the 21* Century. The UN encourages the establishment of multi-stakeholder
coordination mechanisms which include National Platforms for Disaster Risk Reduction. Both
countries signed the Hyogo 2005-2015 (United Nations 2007) and Sendai (2015-2030) agreements
(United Nations 2015). These agreements are based on the idea of reducing risk disaster cooperatively.
A coordinated mechanism among countries allows highlighting the relevance, improving the research
efficiency (Weichselgartner and Pigeon 2015) and a better cost-benefit for disaster risk reduction.
PERSISTAH is funded by the Interreg-Poctep program via European Regional Development Fund.
Interreg differs from the majority of Cohesion Policy programmes in one important respect: it involves
a collaboration among authorities of two or more Member States, in this case Portugal and Spain.
Interreg measures are not only required to demonstrate a positive impact on the development on either
side of the border but their design and, possibly, their implementation must be carried out on a
common cross-border basis (EuropeanComission 2017). Interreg is designed to stimulate cooperation
between member states of the European Union on different levels. One of its main targets is to
diminish the influence of national borders in favour of equal economic, social and cultural
development of the whole territory of the European Union. The PERSISTAH project brings an
opportunity to study the seismic risk in a cross border framework. One common problem is that
neighbouring countries have different catalogues, codes, seismic zonings, etc. (Martinez-Alvarez et al.
2015), which is against the continuity existing through country borders. In this sense, cooperation
between countries is essential to deal with this problem. An earthquake catalogue for the whole Iberian
Peninsula and adjacent areas was compiled by Amaro-Mellado et al. (2017). Regarding the seismic
code, in PERSISTAH, both the NP EN 1998-1:2010 (IPQ 2010) and the NCSR-02 (2002) codes have
been implemented.

The PERSISTAH web portal is also going to be a multi-lingual platform where all the project results
will be presented in three languages for the international community (Figure 7).
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3. PRELIMINARY RESULTS

The analysis of the seismicity of the zone has shown that its seismicity is low-to-moderate.
Nevertheless, large and very large earthquakes with long return periods affect this area making the
population unaware of the existing seismic hazard.

A total of 142 primary schools have been identified in Algarve (with more than 300
buildings/structural independent units). In Huelva, 139 schools comprehending more than 250
buildings have been catalogued. It can be observed that most schools are located in the coastal in
Algarve. Contrariwise, in Huelva schools are spread over the region (Figure 8).

Three major typologies of primary schools have been identified in Algarve. The Plano dos
Centendrios (Centennial Plan) typology is one of the most common typology in the region (Figure 9).
This school typology was set to be built in Algarve by the National Decree of 1941 and ended in the
60's (Ribeiro 2016), and is divided in several sub-typologies according to the phase of the plan
development process (phase 1, 2 or 3), school localization (rural or urban) and the number of
classrooms (1, 2, 4 or 8 classrooms). In general, the vertical structural system of these buildings is
unreinforced masonry. Another identified typology is the P3 School (with a reinforced concrete frame
structure), being the Quarteira school the first of this kind in Algarve, which started to work in
1974/75 (Ribeiro 2016), after the Portuguese revolution. Another major typology is related to
reinforced concrete school buildings that were built after the beginning of the 90's of the 20" Century,
until now.

In Huelva, the following typologies have been identified: linear, compact, intersecting, juxtaposition,
sports and prism. The typologies have been divided into the following sub-typologies: linear (L-shape,
small straight, medium straight, large straight, and various), compact (without yard, H-shape, compact,
with yard, symmetrical), intersecting (volume, irregular, fusion, E-shape, multiple, nexus, swastika),
juxtaposition, sports and prism (with/without annex). It has also been observed that most primary
schools in Huelva were built in the 80's and most of them are minor to 1000 m”. Regarding the vertical
structural system most of them are made of load bearing walls or reinforced concrete. In the
horizontal system reinforced concrete slabs are predominant. The soil profile shows the presence of
soft soils, specifically, in the marshland of Huelva.

A dedicated software is being developed that will obtain the school-score of all the primary schools of
Algarve and Huelva.
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Figure 9. Example of common typologies in (a) Algarve and (b) Huelva.



4. DISCUSSION AND CONCLUSIONS

The visual screening will be used as input for the software that will obtain the school-score according
to the methodology proposed in this paper. The visual screening compiles detailed constructive and
structural information of all the schools. The software has the advantage of being able to use similar
typologies to infer the school-score of other typo-like schools.

There is need of a further knowledge transfer about seismic risk and risk mitigation from specialists
and authorities to the citizens, educators and schoolchildren. PERSISTAH will provide teaching notes,
a set of presentation slides, handouts, and worksheets designed for students in primary school. The
retrofit program of two schools will be of great help in dissemination of seismic risk mitigation.

The school-score is an easy-to-use tool to classify the buildings according to their seismic
vulnerability. This will be used to prioritize the existing primary school buildings for retrofitting
programs.
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