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FOREWORD

The Instituto Universitario de Arquitectura y Ciencias de la
Construccion (IUACC), in collaboration with the Escuela Técnica
Superior de Arquitectura (ETSAS) and the Escuela Internacional
de Doctorado (EIDUS) of the University of Seville are pleased to
welcome the heads of research from both Spanish and overseas
universities, consolidated researchers and young doctoral
researchers to the First International Congress of Doctorates in
Architecture IDA Sevilla, from 27th to 28th November 2017.

The IDA_Sevilla 2017 Congress offers a general perspective of
doctoral studies in the field of Architecture and its related disciplines:
urban planning, heritage, landscape, construction technologies and
sustainability. In the new context generated after the elimination of
the doctoral programs prior to RD 99/2011, it is necessary to carry
out an analysis of the complex panorama that the former programs
and the new doctoral programs have drawn up, in order to know in
detail both what has been achieved so far, as well as the challenges
of the future of advanced doctoral research in Spain, in the European
and international context.

The startling changes that are taking place in our society call for
a vision of research that is not compartmentalised into traditional
disciplines or areas of knowledge. Doctoral research in Architecture
must adapt to changes in society and to the sustainable productive
needs of territory.

The congress will take place at the Escuela Técnica Superior de
Arquitectura de Sevilla, organised in four simultaneous thematic
tables, a workshop on the administration of doctoral programs and
two plenary sessions.
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The thematic tables are aimed at young doctors and doctoral
students of the different participating universities who will present
their experiences and methods of their research - in development
or recently concluded. The participation in the thematic tables is
carried out through the selection procedure with blind peer review
established in the call for papers and through express invitations to
the debate. The almost 70 communications have been structured
in four thematic areas representative of the PhD programs in
Architecture.

The open workshop will be held in two sessions with the participation
of the coordinators of each of the collaborating programs of the
Congress, and professors with extensive doctoral experience. Its
objectives are multiple: to discuss the experiences undertaken in
the different universities, exchange ideas about the approaches and
models applied, address the challenges of internationalization and
management, launch the new Industrial Doctorate with companies
and public agencies, and so on.

There are two plenary sessions: one, a plenary session of
introduction to the congress, with the participation of coordinators
of national and foreign doctoral programs; and a closing plenary
session, with an open debate for the going-over of the conclusions
drawn from the thematic tables and the workshop, and the
presentation of final conclusions.

We thank the Escuela Internacional de Doctorado of the University of
Seville, and the Escuela Técnica Superior de Arquitectura de Sevilla
for the support they have provided for the holding of this meeting,
which contributes so much to the clarification of the future of doctoral
studies in Spanish universities in the face of the great challenge of
internationalization and the continuous improvement of the quality
of research in Architecture. We also thank those responsible for the
participating Doctoral Programs, the Architecture library of the US
and all the participants and attendees.

Antonio Tejedor Cabrera
Marta Molina Huelva

Conference Chairpersons IDA_Sevilla 2017
Instituto Universitario de Arquitectura y Ciencias de la Construccion IUACC



PROLOGO

ElInstituto Universitario de Arquitecturay Ciencias dela Construccion
(IUACC), con la colaboracion de la Escuela Técnica Superior de
Arquitectura (ETSAS) y la Escuela Internacional de Doctorado
(EIDUS) de la Universidad de Sevilla, se complacen en recibir a
los responsables de investigacion de universidades espanolas
y extranjeras, a los investigadores consolidados y a los jovenes
investigadores de doctorado en el | CONGRESO INTERNACIONAL
DE DOCTORADOS EN ARQUITECTURA IDA_Sevilla, del 27 al 28
de noviembre de 2017.

El congreso IDA_Sevilla 2017 ofrece una perspectiva general de
los estudios de doctorado en el campo de la Arquitectura y sus
disciplinas afines: urbanistica, patrimonio, paisaje, tecnologias de
la construccién y sostenibilidad. En el nuevo contexto generado
tras la extincion de los programas doctorales anteriores al RD
99/2011 es necesario realizar un analisis del complejo panorama
que han construido los programas extintos y los nuevos programas
de doctorado, con el objeto de conocer con detalle tanto lo
conseguido hasta ahora como los retos que depara el futuro de la
investigacion doctoral avanzada en Espana, en el contexto europeo
e internacional.

Los vertiginosos cambios que se estan produciendo en nuestra
sociedadreclamanunavisiéndelainvestigacionnocompartimentada
endisciplinas o areas de conocimiento tradicionales. La investigacion
doctoral en Arquitectura debe adaptarse a los cambios de |la sociedad
y a las necesidades productivas sostenibles en el territorio.

El congreso se celebra en la Escuela Técnica Superior de
Arquitectura de Sevilla organizado en cuatro mesas tematicas
simultaneas, un taller sobre la gestion de los programas de
doctorado y dos sesiones plenarias.
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Las mesas tematicas estan dirigidas a los jovenes doctores y a
estudiantes de doctorado de las diferentes universidades participantes
que exponen sus experiencias y métodos sobre las investigaciones
en desarrollo o recientemente concluidas. La participacion en las
mesas tematicas se realiza por el procedimiento de seleccion con
revision por pares ciegos establecido en la call for papers y por medio
de invitaciones expresas al debate. Las casi 70 comunicaciones se
han estructurado en cuatro areas tematicas representativas de los
programas de doctorado en Arquitectura.

El taller de puesta en comun se realiza en dos sesiones con la
participacion de los coordinadores de cada uno de los programas
colaboradores del Congreso y de profesores con amplia experiencia
doctoral. Sus objetivos son multiples: debatir sobre las experiencias
desarrolladas en las distintas universidades, intercambiar ideas
sobre los enfoques y los modelos aplicados, abordar los retos de
internacionalizacion y de gestion, poner en marcha el nuevo Doctorado
Industrial con empresas y agencias publicas, etc.

Las sesiones plenarias son dos: una sesion plenaria de introduccion
al congreso, con la intervencion de coordinadores de programas de
doctorado nacionales y extranjeros; y una sesién plenaria de clausura,
con un debate abierto para la reelaboracion de las conclusiones
extraidas de las mesas tematicas y del workshop y la presentacion de
las conclusiones finales.

Agradecemos ala Escuela Internacional de Doctorado de la Universidad
de Sevilla y a la Escuela Técnica Superior de Arquitectura de Sevilla
el apoyo que han proporcionado para la realizacion de este encuentro
que tanto contribuye a clarificar el futuro de los estudios doctorales en
las universidades espariolas ante el gran reto de la internacionalizaciéon
y la continua mejora de la calidad de la investigacién en Arquitectura.
Damos los gracias también a los responsables de los Programas de
Doctorado participantes, a la Biblioteca de Arquitectura de la US y a
todos los participantes y asistentes.

Antonio Tejedor Cabrera
Marta Molina Huelva

Directores Congreso IDA_Sevilla 2017
Instituto Universitario de Arquitectura y Ciencias de la Construccion IUACC



OBJECTIVES

1. Analyze the research lines of the various programs and build a
map of doctoral research in Spain with the support of coordinators,
tutors / thesis supervisors, doctoral students and young doctors in
the disciplines related to Architecture and their related areas.

2. To know the status of doctoral theses in progress or defended
in the last three years, selected by means of a call with blind peer
evaluation of the doctoral programs participating in the congress.

3. Discuss the structure and university management of doctoral
programs in relation to employment challenges, collaboration with
the productive sector and national research programs.

4. Exchange experiences with other international doctoral research
programs on international mobility management, theses with
international mention, co-supervised theses, theses with industrial
mentions, etc.

5. Noless important, consolidate a national and international network
of Doctoral Programs related to Architecture, Urban Planning,
Heritage, Landscape, Technologies and related disciplines.

ADVANCED
DOCTORAL
RESEARCH

LT1LT2 LT4

ARCHITECTURE HOUSING, CITY ANALYSIS AND
TECHNOLOGIES AND TERRITORY ADVANCED PROJECTS
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FORMAT

Thematic tables

The thematic tables are places to present the methodologies
and experiences of young doctors and doctoral students from
different universities. They are managed by the doctorate students
themselves, who generate conclusions to be debated and
reworked in the final plenary session. The sessions are developed
simultaneously with the presentation of the papers selected in the
call, organized in four areas or thematic lines:

1. Architectural technologies

2. Housing, city and territory

3. Heritage and Rehabilitation

4. Analysis and advanced projects

Workshop

The workshop of the Congress is oriented towards the analysis of
the problems and management needs of the Doctorate Programs,
with the objective of arriving at conclusions that may be useful
to the Universities involved. The coordinators of the Doctorate in
Architecture programs and the doctoral students’ representatives
will participate in the workshop. The following are topics for debate:
lines of research, methodologies, organizational needs of the
doctoral programs, the International Doctorate and the Industrial
Doctorate, and the future of doctoral research.

Plenary Sessions

The plenary sessions are held at the beginning and end of the
Congress. In the first session of welcome and introduction to
the Congress, researchers from the national and international
scene and the coordinators of the doctorate programs are invited
to participate. In the second plenary session an open debate
is proposed for the going over of the proposals drawn from the
workshop and the thematic tables. It also serves as a closing
ceremony with the presentation of the final conclusions of the
2017 IDA_Sevilla Congress.
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OBJETIVOS

1. Analizar las lineas de investigacion de los diversos programas
y construir el mapa de la investigaciéon doctoral en Espana con el
apoyo de los coordinadores, los tutores/directores de tesis, los
doctorandos y los jovenes doctores en las disciplinas relacionadas
con la Arquitectura y sus areas afines.

2. Conocer el estado de las tesis doctorales en marcha o defendidas
en los ultimos tres afos, seleccionadas por medio de una call con
evaluadores por pares ciegos de los programas de doctorado
participantes en el congreso.

3. Debatirsobre la estructuray la gestion universitaria de los programas
de doctorado en relacién con los retos de empleo, colaboracién con
el sector productivo y los programas nacionales de investigacion.

4. Intercambiar experiencias con otros programas de investigacion
doctoral a escala internacional sobre gestion de la movilidad
internacional, tesis con mencion internacional, tesis en cotutela, tesis
con mencioén industrial, etc.

5. No menos importante, consolidar una red nacional e internacional
de Programas de Doctorado relacionados con la Arquitectura, la
Urbanistica, el Patrimonio, el Paisaje, las Tecnhologias y sus disciplinas
afines.

INVESTIGACION
DOCTORAL
AVANZADA

LT1LT2 LT4

TECNOLOGIAS DE VIVIENDA, CIUDAD ANALISIS
LA ARQUITECTURA Y TERRITORIO ITAC VANZADO

IDA: Advanced Doctoral Research in Architecture



FORMATO

Mesas tematicas

Las mesas tematicas son lugares de presentacion de las metodologias
y las experiencias de jovenes doctores y de estudiantes de doctorado
procedentes de las diferentes universidades. Son gestionadas por los
propios estudiantes de doctorado que generan unas conclusiones
para ser debatidas y reelaboradas en la sesion plenaria final. Las
sesiones se desarrollan de manera simultanea con la presentacion de
los papers seleccionados en la call, organizados en cuatro areas o
lineas tematicas:

1. Tecnologias de la Arquitectura
2. Vivienda, Ciudad y Territorio

3. Patrimonio y Rehabilitacion

4. Andlisis y Proyectos Avanzados

Taller

El workshop del Congreso se orienta hacia el analisis de los problemas
y las necesidades de gestion de los Programas de Doctorado con el
fin de extraer conclusiones que pueden ser Utiles a las Universidades
implicadas. En el workshop participan los coordinadores de los
programas de Doctorado en Arquitectura y los representantes de los
doctorandos. Son temas de debate: las lineas de investigacion, las
metodologias, las necesidades organizativas de los programas de
doctorado, el Doctorado Internacional y el Doctorado Industrial, y el
futuro de la investigacion doctoral.

Sesiones Plenarias

Las sesiones plenarias se realizan al inicio y al final del Congreso.
En la primera sesion de bienvenida e introduccion al Congreso se
invita a participar a expertos investigadores del panorama nacional e
internacional y a los coordinadores de los programas de doctorado.
En la segunda sesién plenaria se propone un debate abierto para la
reelaboracion de las propuestas extraidas del taller y de las mesas
tematicas. Sirve también de clausura con la presentacién de las
conclusiones finales del Congreso IDA_Sevilla 2017.
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STUDY AND ASSESSMENT OF THE SEISMIC VULNERABILITY OF PRIMARY
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Abstract: the main objective of this research is the study and assessment of the seismic
vulnerability of primary schools in the territory of the Algarve (Portugal) and Huelva (Spain).
This research will be performed cooperatively, in accordance with the objectives established
by the National Platforms for the Reduction of Risk Disasters (PNRRC) of the National Civil
Protection Commissions of Portugal and Spain. The Eurasian and African tectonic plates
converge close to this geographical area, constituting one of the zones with the highest
seismic hazard of the Iberian Peninsula. Primary schools are one of the most vulnerable
buildings. Therefore, it is essential to verify and guarantee their structural stability in case of
an earthquake.

This article presents a review of the seismic hazard in the area and the main initiatives
related to the study of the seismic risk for these buildings. This analysis will be focused on
the educational typology and the regulations of both countries will be considered. In addition,
the methodology that will be developed is presented. This is centered on the development of
diagnostic and evaluation tools for the typologies to obtain a classification of their earthquake
vulnerability. According to this classification, measures will be proposed for the treatment and
rehabilitation of these buildings. Moreover, it will be applied to the cases with more
unfavorable behavior to optimize the designed solutions.

Keywords: Seismic vulnerability, School-score, Resilience, Cooperation.
1. Introduction

The Iberian Peninsula (IP) is characterized by its moderate seismicity. The south is the area with the
highest seismic activity (Carre and Zornoza 2011). Recently, a large number of studies have been
carried out to obtain the seismic hazard of this zone. These have been motivated by the earthquakes
felt in the last decades in the area, whose magnitudes have surpassed the average values, causing
considerable effects.

Earthquakes are one of the natural disasters that cause more victims and economic losses (Perepérez
2014). In this context, several authors have established the importance of the study of buildings
seismic risk. It allows estimating and assessing the possible damages that seismic actions can cause,
in order to minimize human, material and economic losses.

The study of buildings seismic risk depends on two fundamental factors. First, the seismic hazard
which is established according to the seismicity of the area where the studied building is located.
Second, the vulnerability which depends on the constructive and structural characteristics of the
building (Arroyo and Berenguer 1999).

1.1. Seismicity in the south of the Iberian Peninsula

The south of the IP is the zone of highest level of seismic activity. It is associated with the
convergence between the African and Eurasian plates. This configures a large area of important
earthquakes with long return periods (Martinez-Alvarez et al. 2013).

The Algarve-Huelva area is affected by a series of major faults as result of these plates convergence.
Recent studies have identified these faults in the southwest of the Algarve. These are the “Herradura”
fault, the “Marquis of Pombal”, or the fault of “San Vicente” (Figure 1) (Gracia et al. 2010). This area is



characterized by the occurrence of large earthquakes with long return periods. Among them, the 1969
earthquake of San Vicente Cape and the well-known earthquake and subsequent tsunami of Lisbon
1755 -whose magnitudes were very large, Mw>7.0- are remarkable. The last one caused the
destruction of a great part of the territory of the Algarve and Andalusia (Instituto Espafol para la
Reduccion de los Desastres 2016).
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Fig. 1 Map of active quaternary faults of the IP (Instituto Geografico Nacional 2017).

The following earthquakes felt in the IP have been selected due to their large magnitude and serious
effects caused:

Table 1. Historical earthquakes felt in the IP (Silva, P.G. and Rodriguez Pascua 2014).

YEAR LOCATION MAGNITUDE CONSEQUENCES

1522 | Alboran Sea 6.5 Total destruction of the city of Almeria and towns in Granada.

1531 Lisbon 7.0 Around 30,000 deaths in the city of Lisbon.

1680 | Alahaurin el Grande 6.8 Several towns were affected and it produced minor damages.

(Malaga)

1755 | SW of San Vicente Cape 8.5 Destruction of most of the city of Lisbon and it produced a
tsunami of almost 15m high. There were between 10,000 and
90,000 deaths due to both phenomena.

1804 | Alboran Sea 6.7 Serious damages suffered in Motril (Spain).

1829 | Torrevieja (Alicante) 6.6 Destruction of more than 2,000 homes from several towns in
the region. About 400 deaths.

1884 | Arenas del Rey, Granade 6.7 Nearly a thousand deaths.

1969 | San Vicente Cape 8.0 Several deaths and minor damages.

According to Table 1, the earthquakes of larger magnitude, which also had the most devastating
effects, were those caused by the faults located in the area of San Vicente Cape, such as the
earthquakes of 1531, Lisbon 1755 and 1969. It is concluded that the event of Lisbon caused the worst
effects.
During the last decades, several earthquakes of moderate magnitude have occurred (Table 2). This
demonstrates the important seismic activity that currently exists in the studied area:

Table 2. Earthquakes felt in the Peninsula in the last decades.

YEAR LOCATION MAGNITUDE CONSEQUENCES
2007 SW of San Vicente 6,1 Minor damage.
Cape

2009 Isla Cristina (Huelva) 6,3 Minor damage. Cracks in buildings and old walls
collapsed.

2011 Lorca (Murcia) 51 Considerable damage and victims.
Buildings collapses of great importance

2016 Alboran Sea 6,3 Facades detachments, cracks and minor injuries.

Slight tsunami felt in the Balearic Islands (Spain)




Of this list, the earthquake of San Vicente Cape 2007 and the earthquake felt in Lorca (Murcia) are the
most important. The last one had devastating consequences: more than 300 people were injured and
about 10,000 people were displaced from their homes (Salgado-Galvez et al. 2016).

According to the updated seismic hazard map (Martinez Solares 2013) (Figure 2), the region of
highest seismic hazard is the southeast of Spain. This area has suffered a great number of
earthquakes. Therefore, the majority of the studies about the seismic risk and hazard are concentrated
in this area. The southwest of Spain, is considered an area of moderate hazard and there are not
many studies focused on this zone. However, when analyzing the earthquakes felt in the IP records, it
is observed that the three largest and most destructive earthquakes have been produced by faults that
affect this area. Therefore, if a seism occurs due to these faults, it is the geographic area that would
suffer the worst consequences, affecting both countries equally.
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Fig. 2 Updated seismic hazard map of Spain, in acceleration values for a return period of 475 years (Instituto Geografico
Nacional 2015)

1.2. The tectonics of the Algarve-Huelva area

The territory of the Algarve and Huelva is characterized by a similar geological profile with certain
nuances. In the case of Huelva, it is located in Ter