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Prefacel

This special issue constitutes an excellent and representative testimony of the variety of contributions presented during
YOCOCU 2016.

The reader will find that the 41 papers in this special issue cover a wide range of materials (stone, gypsum, lime, mortar, cera-
mics, metal, paper, videos, textiles, paintings, plastics, pigments ...), from different types of art and heritage: architectural and
archaeological; contemporary and digital art; industrial heritage, vernacular, art caves and ethnographic heritage; museum
collections, landscapes and intangible cultural heritage (CH).

Among the techniques covered in this special issue, some innovative techniques, such as nanotechnology and nanomate-
rials, digital documentation, mobile apps, 3D technology, etc. are included, besides the more traditional ones for characteri-
zation, diagnosis, conservation and restoration (consolidation, protection, repairing, replacement and biocidal techniques).

One of the successes of the conference was to give a significant place to studies not always considered in this type of scien-
tific conferences. In this regard, papers dealing with CH socio-cultural benefits and impacts, dissemination, tourism and
economics, management, education, guidelines and management are present in this issue.

108 authors from 17 countries in four continents contributed to this special issue: China, Croatia, Germany, Greece, Italy,
Mexico, Namibia, Pakistan, Portugal, Romania, Russia, Serbia, South Africa, Spain, Turkey, United Kingdom and the United
States of America.

Most of the contributors are young students, researchers or professionals working in the field of CH, to whom YOCOCU conferen-
ces are devoted, as well as all the YOCOCU associations (Italy, Spain, Belgium, Azerbaijan, Turkey, Croatia, Romania and Germany).

The first and main goal of YOCOCU is to create an international platform to foster the role of youth in the field of research in CH
conservation and restoration, in all disciplines related to CH, from the most modern and avant-garde to the traditional ones.

Some other objectives pursued by YOCOCU are to promote the conservation and value enhancement of cultural heritage;
to give voice to young professionals and to provide them with tools and opportunities to develop their careers as well as the
CH sector; and to match senior conservators with junior professionals.

I would like to acknowledge the reviewing tasks performed by the 25 reviewers, most of them members of YOCOCU 2016’
Scientific Committee, for their time and effort, and who contributed to improve the quality of the papers.

| want also to express my gratitude to this journal, GE Conservation, for the confidence and the opportunity given for the
dissemination of these papers, and for the excellent editing of this special issue.

Last but not least, thanks to my colleagues of the Petrology applied to Heritage Conservation research group, to YOCOCU
Spain and to all the members of YOCOCU 2016 Organizing Committee. They made possible the conference, and therefore,
this special issue.

| wish this publication will encourage young people, on the one side, to focus their interest on CH, and on the other side, |
hope that young people who are already working in the field of CH of all over the world, will attend next editions of YOCOCU
international conferences.

Monica Alvarez de Buergo
Chair of YOCOCU 2016, Madrid (Spain), 21-23 September 2016

Geosciences Institute IGEO
Spanish Research Council CSIC and Complutense University of Madrid UCM

Youth in Conservation of Cultural Heritage YOCOCU - Spain association




Prefacell

Awareness of the importance of preserving and transmitting cultural heritage to future generations has been growing
enormously over the last two decades. An indicator of this is the continuous growth in the number of cultural heritage
sites and monuments inscribed in the UNESCO World Heritage list, which passed from 551 in 1987 to 1054 in 2016. Fur-
thermore, the gap that once divided Europe and Northern America from other countries in terms of protection policies,
development of practices and procedures for the restoration has been reduced. However, in the last two decades the
number of World Heritage sites in danger strongly increased, passing from 10 in 1987 to 37 in 2016.

Growing attention to heritage and cultural identity and the increasing risk factors (from natural to anthropic (including
archaeological looting and vandalism), require the development of a global strategy aimed at bringing together all the
‘energies; best practices and knowledge, with the support of science and technologies, in order to preserve and mana-
ge cultural heritage in danger, ensuring a long life for the benefit of future generations.

To this end, a strong alliance between Research and Conservation needs to be made in order to improve the opera-
tional effectiveness of science, technologies and practical experience for preserving and restoring works of art, monu-
ments, historical cities, archaeological sites and cultural landscapes.

This volume is the result of an effort aimed at creating a bridge between Research and the Conservation of cultural
heritage, according to the mission of YOCOCU community.

Most of the crucial issues that characterize the debate of scientists and conservators for two decades has been discus-
sed in this special issue, among which: i) the effectiveness and compatibility of remedial treatments, including those
based on nanocomposites; ii) the best way to use and integrate in situ investigations and laboratory tests to study
and evaluate the decay processes of heritage material; iii) the most reliable strategies and methods of safeguarding,
maintenance and preservation of cultural heritage sites, including the protection of archaeological areas by shelters.

Finally, this special volume collects some overviews related to issues linked to sustainable management, fruition and
valorization of cultural heritage, and case studies on cultural tourism, local perception of heritage values, and the use
of urban and architectural heritage for contemporary art production and exhibition.

In conclusion, this volume is an innovative example of effective synergy and integration between research and conser-
vation that we need more and more if we want to secure a future for our past.

Nicola Masini
Chair of YOCOCU 2018, Matera, Italy, 22-26 May 2018

Institute for Archaeological and Monumental Heritage IBAM
Italian Research Council (CNR)







Asilah Arts Festival (Morocco): encounters in the urban space

Maria Gomez Lopez

Abstract: This essay aims to present Asilah Arts Festival through its history, program and outcomes, as an interactive platform for
international and local cultural interchange and diffusion but especially, as the essential preservative source it still is, particularly
regarding the town’s urban and architectural ensemble and the national and international, material and immaterial legacy it
celebrates. The methodology for this research combined a critical bibliographical analysis, followed by a three weeks stay in the
Moroccan town carrying out fieldwork that included interviews, visits to sites of interest or participation in the event’s activities. The
results obtained from this investigation have in this paper been grouped in four sections:“Urban and architectural heritage”, “Cultural
heritage”, “Social impact” and “Everyday life". These tackle how the event affects local economy, contributes to the population’s
education, raises awareness towards the importance of the patrimony’s safeguarding or renders explicit the value of the town’s
quotidian existence.

Key words: Festival, Asilah, intercultural exchange, heritage preservation

El Festival de las Artes de Asilah (Marruecos): encuentros en el espacio urbano

Resumen: Este articulo presenta el Festival de las Artes de Asilah a través de su historia, programa y resultados como plataforma
para el intercambio y la difusion cultural tanto a nivel nacional como internacional y, especialmente, como el esencial recurso
preservador que todavia hoy es, particularmente en relacién al patrimonio arquitecténico y urbanistico de la ciudad, asi como
a la cultura material e inmaterial, local e internacional que celebra. La metodologia utilizada combina un anélisis critico de los
recursos bibliogréficos seguido de tres semanas de trabajo de campo en Asilah, realizando entrevistas, visitas a lugares de interés
o participando en las actividades del evento. Las conclusiones obtenidas son aqui presentadas en cuatro apartados: “Patrimonio
urbano y arquitectdnico’, “Patrimonio cultural’, “Impacto social”y “Vida cotidiana”. Estas secciones abordan cémo el evento afecta
a la economia local, contribuye a la educacion de la poblacién, genera conciencia de la necesidad de salvaguardar el patrimonio o
revela el valor de la cotidianeidad.

Palabras clave: Festival, Asilah, intercambio cultural, preservacion del patrimonio

Introduction population to collaborate in creating better life conditions
in a more hygienic and carefully preserved town, an

Every summer since 1978, the small Atlantic coastal town  enterprise that started from simple responses like the

of Asilah, located 42 kilometers away from Tangier, holds
its renowned Arts Festival. A complete program of cultural
activities is developed during two weeks, turning the
village into an artistic outburst that attracts artists, scholars
and public from all over the globe.

Some years before 1978, the journalist and politician
Mohamed Benaissa (b.1937) and the artist Mohamed
Melehi (b.1936) returned to their hometown and found
it highly deteriorated (Al Radi 1994: 47). The two friends
started a campaign that aimed to encourage the

easing of the garbage collection (Al Radi 1994: 47).

In parallel to these improvement tasks, Benaissa and Melehi
dealt with the Town's Council to remodel the external
appearance of the almost ruined town by paving the streets
with a wavy design by Melehi or restoring ancient houses
and historic buildings like the Portuguese Kamra Tower or the
Rassouni Palace (Al Radi 1994: 55), headquarter of the Festival
duringits first years. Most of these works were accomplished by
local craftsmen using traditional methods, forms and materials,
contributing this way to simultaneously preserve the tradition,
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engage population with the protection of their environment
and help them benefit from their own work (Lin E.M).

The rehabilitation project aspired to be coherent with the
original image of the town and, through the insertion of
arches or doorways from ancient ruined buildings or the
inclusion of traditional features of the region like the zelij
tiles, it paid tribute to the local architectural tradition (Al Radi
1994 55). This respectful architectural intervention received
the Aga Khan Award of Architecture in 1989 and the town
was declared National Monument (Harrouni 2010: 5).

In 1978, with the first successful efforts, the two friends
launched an event under the slogan “Culture and Art for
Development” (Gilbert 2009), in which a wide range of cultural
activities brought together international and local participants
(Hayes , D. B. 1994). This was the first edition of the Festival,
which would later crystallize into a long lasting traditional
celebration still alive today thanks to the foundation of Al
Moubhit Association (Al Radi 1994:51), now the Forum of Asilah.

Methods and methodology

This research project was conceived within the framework
of the Final Dissertation for the MA in History of Art and
Architecture of the Islamic Middle East, School of Oriental and
African Studies (SOAS), University of London. Publications on
AAF are rare and thus, an academic and critical theoretical
research was necessarily complemented by a stay in Asilah,
endorsed by the Ralph Pinder Wilson Award 2015. This article
will therefore be partially based in the conclusions drawn from
this investigation.

In order to balance the scarce bibliographical resources and to
build a photographic archive of the festival, the town and its
surroundings, the author used three means during her visit to
Asilah, as previously reported in Goémez Lopez, (in press):

- Interviews with participant artists (e.g. Othman el
Bahri,Hakim Ghailan, Malika Agueznay or Mizue Sawano),
event organizers and coordinators (e.g. Mohamed
Anzaoui, Abdallah El-Hariri), Forum of Asilah members
(e.g. Majdouline Khalladi), local residents or artists not
included in the Festival’s program (e.g. Mustafa, Karim).
Gallerists and knowledgeable professionals were also
interviewed (e.g. Mareta Espinosa, Said Messari or Anne
Judith).

- Onisite visits to the Festival quarters (e.g. Bibliotheque
Prince Bandar, Centre Hassan I, Raissouni Palace or
medina), Asilah art galleries (e.g. Aplanos, Monassilah),
local artists’ ateliers located in traditional restored houses
(e.g. Hadik Haddari) and urban and architectural key sites
(e.g. Kamra Tower, Raissouni Palace, Kirikiya, Lakma).

- Attendance to the programmed activities for
summer 2015 and out of the Festival events with local
residents (e.g. Fishers' Café Sufi recital).

Graphic 1.- Methodology.
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The town

Asilah was founded in 1500 BC standing now in the Atlantic
coast 42 km southeast Tangier (Harrouni 2010: 1) [figure 1].
This strategic location led the Phoenician, Carthaginian,
Roman, Byzantine, Arab, Norman, Portuguese or Spanish
civilizations to settle down there. The coastal town
remained under Phoenician and Carthaginian control,
until the 9% century when it was occupied by the Arabs
and Normans, when the original medina was built (Lin
E.M). Between the 15" and the 17" centuries, Asilah was
disputed by the Portuguese, Moroccan and Spanish, a
period from which still stand the constructions of Raissouni
Palace, the Kamra Tower or the walls.

Figure 1.- Asilah general view from the port.
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In 1692 the town came back to Moroccan hands to
become a piracy base until the beginning of the 20th
century, when it was incorporated for a short period of
time as part of the Spanish Protectorate (LinEM). It wasn't
until 1956 that Morocco reached its independence, this
small town remaining as a crossroad of architectural
styles and grounded customs from the superimposed
civilizations that had inhabited it.

Urbanistically speaking, Asilah is today compounded
by two well differentiated areas: the newly developed
one, articulated around the Avenue Hassan Il and the
Place Mohamed V that includes the Spanish quarter or
the Lakma, and the medina, founded in the 9™ century,
altered by the Portuguese in the 15™ century and finally
restored in the late 70’s of the 20" century, but still
preserving its original labyrinthine layout (Nakhli 2009:
195).

The outskirts of the medina are chaotic and dynamic,
they being the location of the main restaurants, markets
and shops. The medina, perfectly integrated in this chaos,
is a quiet place compounded by a small labyrinth of
narrow streets accessible through the gates that pierce
the still standing Portuguese walls. Inside the medina
there is a touristic souk, few cafes, some shops dispersed
in its streets, mosques, the Centre Hassan Il and Raissouni
Palace, ancient cemeteries, some residences and hotels,
artisanal bread ovens or a wide number of galleries and
artists’ workshops located in traditional houses.

The Festival

Generally speaking, the Festival annually includes similar
activities. Among these, the mural paintings are probably
the most accessible and famous ones. Year after year, the
walls of the medina are whitewashed and international and
national artists, in collaboration con local youth, transform
the external appearance of the town by decorating its
walls with new designs [figure 2].

Figure 2.- Hiba Khamlici. Medina wall painting. AAF 15.

L L

In previous editions of the Festival, some of the
participants have been Moroccan Sanae Sarghini and
Abderrahman Rahoule, Spanish Maria Angeles Testera,
Syrian Khaled al Saai or Japanese Mizue Sawano.

Interestingly, the artists are spread in the labyrinthine
medina, in their allocated walls, it being necessary
to wander and get lost to find them. This encourages
a different bodily interaction with the urban space:
international visitors are led to hidden corners they
would otherwise miss and local population rediscovers
the known and apprehended space through the artistic
catalyst. On the other hand, the lively evolution of
these urban canvasses surrounded by the drafts the
artists do on the wall, emphasizes the “here and now”
idiosyncrasy of the event and the “always being and
becoming” character of any urban space.

Together with these street art works, there is a wide
range of artistic workshops, among which we can
count the engraving, painting, children or writing
ones [figure 3]. They are usually held at the Raissouni
Palace, an historical site inserted at the core of the
medina and thus, in permanent dialogue with Asilah
medina’s everyday life. Some pieces are later displayed
in different venues as part of a whole program of
indoor and outdoor exhibitions that also show the
work of other emergent and consolidated, national and
international artists.

L4

Figure 3.- Artistic workshops, Raissouni Palace. AAF 15.

Awards like the Prix Bouland al Haidari de la Jeune Poésie
Arabe orthe PrixTchicaya UTam’si de la Poésie Africainare
conceded in order to promote and encourage creative
production. A complete program of international music
concerts is also held at the Bibliothéque Prince Bandar
during these weeks, including in past editions artists
and groups like fado singer Cuca Rosetta, Ensemble Ahl
Assilah, flamenco singer Mariana Collado, Indian artist
Vidya Shah or Moroccan Saloua Chouair.

12
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Finally, and in a more theoretical line, a program of
interdisciplinary conferences and colloquiums given by
the most expert scholars coming from all over the world
is offered, among which subjects we can find lectures on
identity, cinema, climate change or literature. In previous
editions the titles have been “Arab media in the era of
digital information’, “The cinema and the novel in the
films of the South” “The new contours of orientalism in
international and Arab contemporary arts” or “Seasons in
the Arab Uprising as seen by us and by the others” (www.
issuu.com).

Discussion and results

The on-site research results could be divided in general
terms in four sections that will present in first place,
the preservative claim towards the town's urban and
architectural heritage. Secondly, the preservative
and spreading attitude towards different cultural
manifestations. Following the second point, is the social
impact of the event in educational, spatial and economic
aspects. And finally, the fourth section will present those
results linked to Asilah’s everyday life and its local artistic
panorama.

— Urban and architectural heritage

The preservative claim towards Asilah urban and
architectural sites is an inherent aspect of the Festival
since its foundation. In fact, the origins of the event
are unavoidably linked to the previously mentioned
preservative initiative by Melehi and Benaissa. The two
friends’ enterprise was born to revitalize and restore a
neglected and almost ruined town in collaboration with its
inhabitants, and the Festival was then presumably funded
to maintain this positive and careful attitude towards their
city.

As a matter of fact, a preventive attitude towards their
heritage has been developed over the years since this
intervention in the late 70's and the survival of the
moussem. This is evidenced in the periodical interventions
of the sites, a pre-Festival annual inspection and an
updated use of its renovated historical installations as
Festival headquarters. As an example, we could cite the
case of the Raissouni Palace, funded in 1909 by the pirate
Pasha Ahmed Raissouni and today used as headquarter for
the artistic workshops and as a residence to accommodate
international participants (Lin EM.).

The proposal of conferring the buildings a more actualized
function, more coherent with the new circumstances
and needs, instead of turning them into museums or
leaving them to their fate, has successfully enabled their
optimum (and now, as Festival headquarters, necessary)
maintenance while keeping them open and accessible to
the public.

—Cultural heritage

Secondly, a preservative and bidirectional (local-
international) disseminative attitude towards traditional
and contemporary cultural expressions was revealed
during the study. Evidence of this fact were the interweaved
celebration of gnawa or fado music performances beside
the latest artistic manifestations or the interdisciplinary
conferences and both of them, in turn, celebrated
side by side with local artistic production. Thanks to
their celebration, these manifestations are spread and
perpetuated, while simultaneously transforming the city
into a stage for intercultural dialogue.

The use of moussem as Festival's designation seems to
be all in all a statement of intent. This is an Arabic word
used to describe a traditional and seasonal Moroccan
festivity with an ontological nature, related to agricultural
cycles and religious events (such as Ramadan) during
which varied rituals and cultural activities are performed
(Reysoo 1988; Benaissa, M. et al. 1979: 34). The celebration
of Asilah Moussem is, in the fullest sense, a perpetuation
of this ancestral practice and a metaphorical expressive
claim towards the survival of the whole ensemble of the
Moroccan cultural heritage (Gémez Lopez, In press).

—Social impact

The Festival has become an important cultural event in
Morocco, bringing with it a lot of advantages to the coastal
town and its population since its first edition.

AAF has disclosed a clear educational claim based on the
inhabitants’ active engagement. Most activities are free
access and attempt to bring a bit of the international
cultural panorama to the town while encouraging a festive
and entertaining approach to their own heritage as well
(Gémez Lépez, In press).

This inclusive attitude has been present since the event’s
origins, when the local population was employed for the
restoration works or invited to collaborate with the rest
of participants in the different activities of the program.
Today, this has been perpetuated through the inclusion
of activities like the already mentioned artistic workshops
for children, concerts or conferences and the attractive
possibility of interacting with the visiting international
participants, usually accessible during those days.

In parallel to this cultural learning, the Festival has
also fostered a different bodily, hands-on interaction
with the inhabited space. For example, the Raissouni
Palace children’s workshops frequently depart from a
previous urban and architectural experimentation in
their hometown on which they later develop their artistic
works [figure 4]. Besides this, the local youth assists the
participant artists in the wall paintings, rediscovering the
urban space they inhabit through its artistic intervention,
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and the adults are still involved in the town’s restoration
campaigns, as they were in the 1970’s original preservative
proposal by Melehi and Benaissa. This has interestingly led
to a rediscovery and better knowledge of their hometown,
while simultaneously raising awareness of its safeguarding
needs and procedures (Gémez Lopez, In press).

Figure 4.- Children workshop, Raissouni Palace. AAF 15.

As concluding point of this social impact section, it has
been considered important to mention the economic
benefits the Festival annually brings (Benaissa M. et al.
1979). Originally conceived as an activity which incomes
would directly reward local population, the renovated
aspect of the town and the raising interest in the activities
organized as part of the Festival reactivated local tourism,
essential resource for Asilah’s economy.

This touristic boom brought along several debates and
international interests in building resorts and touristic
complexes, rejected by Benaissa, President of the Municipal
Council since 1983 (Al Radi 1994: 51). The founder of the
Festival defended the population to keep on being the
main beneficiary of the Festival’s profits, the controlled
growth of the town and the preservation of its traditional
image and identity (Al Radi 1994: 55).

AAF still attracts people from all over the world, keeping
alive local tourism and annually boosting the town’s
economy, having as well an indirect impact in surrounding
towns like Tetouan, Tangier, Lixus or Larache.

= L L

Figure 5.- Monassilah art gallery. Asilah, July 2015.

—Everyday life

Thanks to the urban staging of the event, Asilah’s everyday
life is rendered explicit. The performance of the quotidian
and the spectacle meet, redefining Asilah’s medina during
the festival and revealing the performance of the ordinary
through the urban staging of the extraordinary. This
way, the city embracing different cultural manifestations,
conversely obtains international visibility.

Together with the town’s everyday life and its traditional
customs, the local cultural panorama emerges before
the audience’s eyes these days. From its cultural fabric,
we could mention the daily gnawa performance at the
Krikiya fort, the weekly Sufi recital at the Fisher’s Café or
the presence of art galleries such as Monassilah or Aplanos
which, during those weeks prepare special shows usually
devoted to local creators [figure 5].

Among the artists based in Asilah, we would like to cite
the calligrapher Hadik Haddari, which decorated studio in
the heart of the medina could easily be confused with a
mural of the Festival. Mustafa and his brother, well known
for their stylized Berber and Sufi musicians and dancers
made of grinded natural pigments on cement wrapping
paper. Their atelier, placed in a tiny second-floor room in
a traditional house of the medina, can be visited daily.
Another prominent artist from Asilah is the known as “the
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painter of medinas’, whose works are a chaotic and colorful
superimposition of hardly recognizable Asilah urban
details (street lamps, doors, windows, domes, mosques)
on wood planks, canvas or fabrics, present in all the city
stalls [figure 6]. Finally, Karim, born in Zagora, sells his
intervened Berber pieces and his painted wooden boards
beside the Portuguese walls, close to the Krikiya Fort.
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Figure 6.- Painter of medinas. Asilah, July 2015.

AAF has steadily become more complex and crowded,
receiving lesser critics concerning its repetitive character,
the weak information distribution or the activities’ limited
places. However, its organizers still fight for preserving its
authenticity and those aspects that differentiate it from
other national festivals. Its main challenges today are to
avoid falling in reiteration, conformism and restriction,
evolving into a facile touristic bait lacking of its original
powerful and praiseworthy principles and disregarding
its fundamental inclusive, preservative and instructive
function (Gémez Lépez, In press).

Conclusion

Asilah’s Festival is not unique in Morocco. Other moussems,
contemporary art events and festivals in which the
latest trends are combined with ancestral traditions are
celebrated in the country throughout the year. Essaouira
Gnawa, Moussem Moulay Idriss Zarhoun, Agadir Festival,
Marrakech Popular Arts Festival, Timitar Festival, JIDAR
in Rabat, Marrakech Biennale, Boulevard Festival in
Casablanca, Remp’ Arts Festival in Azemmour or Al
Dusheira are some examples.

Together with these events, the foundation of dynamic
cultural institutions, the improvement of the existing
ones and the progressive proliferation of specialized
publications, both inside and outside the country, are
making out of Morocco an interesting emerging field for
contemporary art production, promotion and exhibition
that is still in the process of finding its place in the
international artistic arena.

Throughout the paper, the central role AAF has played in
the last years has been presented, aspiring to introduce
it as the essential preservative and educative source
with wide impact in different spheres it is. Further on,
we have aimed to demonstrate to what extent this
event has been crucial in reactivating the hosting town’s
awareness towards the preservation and dissemination of
its rich legacy and the other foreign cultural expressions
celebrated as part of the festival.

With this educative and preservative nature, the moussem
of Asilah was a pioneer initiative in the late 20th century,
standing out from other Moroccan festivals while broadly
demonstrating since its foundation the grand and diverse
potential of art. Beyond these characteristics, its great value
resides in the power of claiming towards the importance,
not only of the town’s urban and architectural ensemble or
of the wide range of cultural manifestations it promotes, but
also of the town’s everyday life, appreciating the known and
ordinary besides the staged and unusual.

Through its annual launch, the event has steadily found
itself a place in Asilah’s life, becoming an inherent part of the
town’s history and the cultural heritage it aims to preserve.
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Heritage value of building materials: Former Workers Hospital
of Maudes, Madrid (Spain) case study

Elena Mercedes Pérez-Monserrat, Rafael Fort, Maria José Varas-Muriel, Ménica Alvarez de Buergo

Abstract: Building materials used at the Former Workers Hospital of Maudes, Madrid (Spain) were studied. The study addressed the
information both achieved from documental resources and characterization techniques. Documentary work has enabled to know
about the architect thought, the ideology of the project or the grounds that conditioned such materials selection; it also permitted to
learn about materials provenance and/or its elaboration. Analytical studies provided information about petrographic features of the
materials and their composition; limestone provenance was confirmed and new data on material manufacture were provided. Such
information, which deserves to be known and disseminated, provides a significant heritage value to materials that shape cultural
assets. Studies with a multidisciplinary approach represent a commitment to improve the knowledge and conservation of heritage.

Key words: documental resources, analytical techniques, heritage conservation, limestone, decorative ceramics, artificial stone.

El valor patrimonial de los materiales de construccién: caso de estudio en el Antiguo Hospital
de Jornaleros de Maudes, Madrid (Espana)

Resumen: Se estudian los materiales empleados en la construccién del Antiguo Hospital de Jornaleros de Maudes, Madrid (Espafia). El
estudio atiende a la informacién obtenida a partir de la consulta de fuentes documentales y del empleo de técnicas de caracterizacion.
El analisis documental permite conocer el pensamiento del arquitecto, la ideologia del proyecto o los motivos que condicionaron la
seleccion de estos materiales, proporcionando ademas informacién sobre su procedencia y/o elaboracién. El estudio analitico ofrece
informacidn sobre caracteristicas petrograficas de los materiales y su composicion, permite confirmar su procedencia y/o aporta nuevos
datos sobre su fabricacién. Este tipo de informacion, que merece ser conocida y difundida, otorga un importante valor patrimonial a los
materiales que configuran bienes culturales. El estudio de estos materiales con un enfoque multidisciplinar supone una apuesta por el
mejor conocimiento y conservacion del patrimonio.

Palabras clave: fuentes documentales, técnicas analiticas, conservacidn patrimonio, caliza, cerdmica decorativa, piedra artificial.

Introduction

This study focuses on the building materials used at
the facades of the Former Workers Hospital of Maudes
(Madrid, Spain), built by the Galician architect Antonio
Palacios Ramilo (1874-1945) [figure 1]. Some features that
characterize his work are the utilization of materials intrinsic
properties, their local usage as a commitment with the
identity of the places where he built and materials reuse in
order to keep the costs down (Gonzélez-Amezqueta 1967:
5,7-9,11,13).

The Former Hospital, built between 1909 and 1916 on
the northern side of the city of Madrid, was conceived

as a benefic institution to provide free medical care to
the working class people without economical resources
(Ciudad and Carrillo 2001: 13, 20). Taking advantage
the healthsome breeze of the area, Palacios designed a
building comprised by four wings arranged diagonally
around several courtyards. The architect conferred to the
property a strong hygienist and humanitarian character
(Crénica e Informacion 1912: 1). He created a warm
atmosphere by means of gardens as well as with the
conjunction of lights and shades (Pérez-Rojas 1987: 115).
The building was enclosed by a surrounding wall.

The facades and the wall are comprised by stonework
(mainly a light-colored limestone) grouted by joint
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Figure 1.- Galician architect Antonio Palacios Ramilo (1874-1945) and the Former Workers Hospital of Maudes (Madrid, Spain). Images
yielded by the Specialized Documents Centre of Madrid Environmental Regional Department.

mortars. Some parts of the facades are decorated with
ceramic materials. A fountain is placed at the central courtyard
and it is also adorned with ceramics. In some areas of the
facades, artificial stone and stone imitation coatings are used.
The property remained vacant between 1970-1984 years. It
was listed as a National Artistic-Historic Monument in 1979
and since 1986 it houses various headquarters of the regional
government of the Community of Madrid (Spain).

Two major interventions have been undertaken: a
comprehensive rehabilitation in 1984-1986 (Perea 1990),
and in 2006-2008, the facades restoration (Perez-Monserrat
et al 2011: 298-299). Both have overall kept the message
that Palacios provided to the property through the building
materials used, although some original materials had to be
replaced. Thereby, limestone is an original material while
decorative ceramics, joint mortars, stone imitation coatings
and artificial stone are both original as replaced.

The study of these building materials, taking into account
the information provided by documental resources and
characterization techniques, entails a valuable knowledge.
Therefore, the significant heritage value of these building
materials is stated and the information provided may afford
more respectful interventions committed to its preservation.

Methodology

Graphic and written documentary sources related to the
architectand hiswork, tothe FormerHospital and interventions
carried out or to the provenance areas of its building materials
were consulted. Besides, most of Palacios” buildings and the
original quarries were visited, and materials on the Former
Hospital facades were surveyed. Moreover, people linked to
the Former Hospital were interviewed.

Laboratory studies were performed to characterize the
building materials that shape the Former Hospital, to confirm
the limestone provenance as well as to provide new data

about ceramics, joint mortars, stone imitation coatings and
artificial stone manufacturing.

Limestone cores were extracted directly from the facades and
stone samples were taken from quarries in order to compare
their macroscopic and petrographic features (Gomez-
Heras and Fort 2004: 36). Decorative ceramics, original and
replaced at the 80s from both the facades and fountain, were
characterized. Both original and replaced at 80s artificial stone
and stone imitation coatings were studied. Regarding the
joint mortars, three main groups have been established from
documentary sources consulted and on site visual survey: i)
the original one within joints, ii) those that in 2006 were at the
facades (both original or replaced at the 80s, before or after),
as well as at the surrounding wall (built over the 60°s), and
iii) the joint mortar placed during the 2006-2008 restoration.
Joint mortars of each group were characterized.

Minimally destructive analytical techniques were used:
Polarised Optical Microscopy/POM (belonging the equipment
used to the Geological Sciences Faculty of the Complutense
University of Madrid, UCM), X-ray Diffraction/XRD (Microscopy
and Mineralogy Unit of the Geosciences Institute, CSIC-
UCM) and Scanning Electron Microscopy (secondary and
backscattered electron -SE and BSE- images) with Energy-
Dispersive X-ray Spectroscopy/SEM-EDS (National Center of
Electronic Microscopy of the UCM). The glazes of the decorative
ceramics were also characterized by the non-destructive
technique Ultraviolet-Visible Absorption Spectrophotometry/
UV-Vis, belonging to the History Institute of the Spanish
Research Council (CSIC).

Results and discussion
—Natural stone: a light-colored limestone
The stonework of both the facades and the surrounding wall

is made up of varied shape and size blocks of a light-colored
limestone. These limestone blocks are entirely original and
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their surfaces were cleaned twice by bead blasting (at 1984-
1986 and 2006-2008).

At the Former Hospital, the main role played by natural stone at
Palacios” constructions as well as the character that he provided
to the hospital are collected in the selected limestone. Therefore,
a single stone type homogenizes the construction (Gonzilez-
Amezqueta 1967: 23-24) and its lightness contributes to the
warm ambience the architect intended to provide. Besides,
Palacios chose a rusticated surface finishing and bossage work
to highlight the natural appearance of the stone. Both resources,
as well as the walls stonework design, shaped by blocks of many
different volumes, also responded to the need to keep the costs
down by using to the maximum the quarried stone.

Taking into account the usage of local materials that Palacios
was used to, the limestone selected leads to the geological
substrate of the Southeastern Community of Madrid. In
that area, the carbonates from the Miocene Upper Unit of
the Tertiary continental basin were traditionally exploited
(Del Prado 1864: 129-131). The documents of Lopez-Urrutia
(1926: 36) and the one related to the commercial promotion
of Cornicabra” quarries around 1907, found at the Railway
Museum of Madrid, enabled to establish in the natural area
of Valhondo (Morata de Tajufia, Community of Madrid) at
least one old -historical- quarry working front. In this area, the
limestone quarrying was quite easy because of the scarce of
sterile material to be removed. Moreover, a railway line directly

L L

connected to the city of Madrid, was just located at the bottom
of the quarries. Therefore, the limestone selection was factored
by the active quarries and the ways of transportation available
by then in the region. Furthermore, it should be taken in mind
that at the beginning of the 20th century traditional building
stones used in the region were being replaced by stones from
other parts of the country and even abroad (Fort et al 2002:
20). Therefore, with the limestone finally selected, Palacios was
still committed with the employment of local material.

The macroscopic and petrographic (by means of POM
technique) comparison of the limestone extracted from
the facades and the stone samples taken from the historical
quarry working front was performed. The most frequently
limestone used at the facades and surrounding wall is a
compact and light-colored limestone that corresponds to the
homogeneous (micritic limestone) and stromatolitic-oncolytic
(bicesparite) -with many molds of bioclasts such as characea
algae, gastropods and stromatolitic structures- facies of the
lacustrine carbonates from the Miocene Upper Unit of the
Tertiary continental basin of the Southeast of the region (Perez-
Monserrat et al 2011: 298, 301). The significant recrystallization
and cementation features, typical of these carbonates (Calvo
et al 1989: 285, 295; Alonso-Zarza 1992: 24, 27), reduce the
primary porosity and provide a high compactness to the
rock. Therefore, these carbonates entail a building material
especially appropriated to withstand compression stresses
and to resist water action and ageing. [figure 2]

Figure 2.- Natural stone:alight-color limestone. a:facades stonework shape by limestone; b: limestone quarrying on Cornicabra‘quarries
at the beguining of the XX century (courtesy of the Historic Railway Archive from the Railway Museum Madrid and Spanish Railways
Foundation); c: macroscopical features of the limestone used at fagades (with light-color and high cementation degree); d: polarised
optical micrographs of facade limestone (parallel nicols) and e: from quarry limestone (crossed nicols) -cemented characea algae (1),
stromatolitic structures around characea algae sections (2) and interparticle porosity cemented and/or recrystallized (3).




Elena Mercedes Pérez-Monserrat, Rafael Fort, Maria José Varas-Muriel, Ménica Alvarez de Buergo

Heritage value of building materials: Former Workers Hospital of Maudes, Madrid (Spain) ...

pp.17-24

—Decorative ceramics: ceramic panels and tile trencadic

Ceramic panels are made up by colorful tiles known as raindrop
tiles, framed in a turquoise and ocher color string. The body of
the fountain is decorated with similar raindrop tiles -only with a
bluish tone- and its basin is adorned with a trencadi tile (mosaic
made mainly of cut and/or broken tiles and/or glass) tailored
mainly by blue color pieces. Palacios used decorative ceramics
in order to confer movement to facades and to enhance the
pleasant atmosphere (Perla 2001: 290, 295).

At the 80s, the original ceramic panels were almost entirely
substituted, fountain raindrop tiles were preserved and the
upper part of the trencadic of the basin was partially replaced by
green colored fragment oftiles. During the 2006-2008 restoration
works, ceramic materials were all conserved, the colors both
of the raindrop tiles and tile trencadi¢ were regained by wiping
them and the joints between pieces were reintegrated.

Perla (1990; 2001) provided information about the raw materials
and processes used to elaborate these decorative ceramics.
Original raindrop tiles and string pieces were manufactured by
Daniel Zuloaga around 1914 in Segovia (Spain); iron oxide-rich
red clay and silica -as an additive- were used; the pieces were
fired in an oxidising atmosphere at 1200 °C. Ceramic panels
replaced at the 80s were elaborated by a Madrilenian company;
clays of the region, sand from Segovia and grog from Teruel
were used; great amount of quartz was added; the pieces were
mechanically pressed and fired under oxidising conditions
at 1200-1250 °C. The original trencadic tile of the basin of the
fountain was manufactured by Sevillian and/or Eastern -from
Valencia o Castellén- companies; it should be considered that
the interior of the Former Hospital is decorated with ceramics
processed by Ramos Rejano in Seville city, using the nearby
calcium-rich clays. The tiles used to repair the trencadic of the
basin were elaborated at the Madrid’s School of Ceramics with
red mud, calcium-rich pastes and Madrilenian sand, by extrusion
and fired at 1030°C.

By means of POM, XRD, SEM-EDS and UV-Vis techniques, Perez-
Monserrat et al (2013: 489-490; 2016: 61-62) provided new
data on the manufacture of these ceramic materials. Therefore,
Zuloaga’s pieces contain grog and quartz inclusions of very
heterogeneous shape and size. A lead glaze (with circa 60 wt%
Pb) was applied. Titanium and zirconium oxides were added
and the bluish tone could be achieved by means of using the
Zr-V blue pigment; the uneven textural features observed by
POM and SEM mainly respond to their manual processing. In
the replaced panels, ceramic bodies contain a high amount of
quartz inclusions; the similar size and shape of these inclusions
as well as the very even texture of glazes are primarily due to the
mechanised manufacturing of the replaced panels. Glazes are
also leaded (40 wt% Pb), zinc oxides were added and Cu?* ions
provide the turquoise color of the string pieces.

Regarding the trencadic of the basin, the original tiles were
made from calcium-rich clays, so the Sevillian company that
manufactured the interior decorative ceramics could also
process these tiles. The repair ones were deliberately elaborated

to be stronger than the original ones, chiefly by adding more
quartz inclusions and firing at higher temperatures. From the
mineral paragenesis detected by XRD, it can be inferred that
original tiles were fired at temperatures higher than 800 °C and
the replaced tiles at temperatures higher than 900 °C. Glazes
display a heterogeneous texture with abundant particles, a lead
content over 22 wt% was determined; VI-Vis pointed out that the
blue color of original pieces is mainly due to the presence of Co?*
ions and the green color of the replaced ones is achieved by the
existence Co?* and Cr* ions. [figure 3]

—Atrtificial stone, stone imitation coatings and joint mortars

Artificial stone, stone imitation coatings and/or joint mortars are
widely used at both the facades and the surrounding wall. The
employment of these materials was conceived by Palacios from
the beginning of the project. Indeed, the construction section of
Palacios (1909) points out the use of artificial stone. On the one
hand, he wanted to enrich the facades texture by applying joint
mortars. On the other hand, he conceived the use of artificial
stone as modernity distinctive. Besides, in some areas and
mainly to avoid a costs raise, he used stone imitation coatings
that imitated the limestone in color and roughness.

During the 60s, a very thick and straight joint mortar was
applied at the external face of the surrounding wall. Later on,
during the 80s, different interventions were performance: the
artificial stone was cleaned and new artificial stone was made to
replace some elements; some original stone imitation coatings
were preserved -and cleaned- and others were replaced; some
joint mortars were also conserved as well as cleaned, and in
some areas new joint mortars were applied. In the 2006-2008
restoration, both artificial stone and stone imitation coatings
were entirely preserved -they were cleaned and painted again-
and the joint mortars were replaced almost entirely.

Results from POM, XRD and SEM-EDS studies pointed out that
the artificial stone, stone imitation coatings and joint mortars
studied are mainly composed of silica and/or calcitic aggregates
with lime and/or cement as binders. The detection by means of
XRD and/or SEM-EDS of belite, alite and/or gehlenite mineral
phases revealed if natural or artificial cement (Portland) was
used. While belite and gehlenite are normally formed in natural
cements, alite mineral phase defines artificial cement (Lea 1976;
Callebaut et al. 2001: 400, 402).

Therefore, the original artificial stone is made of natural cement
and the one placed during the 80s is made of lime and artificial
cement. Related to the limestone imitation coatings, the original
ones were made using also natural cement; those elaborated
at the 80s are constituted by aggregates obtained from the
crushing of limestone and lime binder. Regarding joint mortars,
original gypsum mortars within joints have been identified;
the thick joint mortar that before the 2006-2008 intervention
was at the external face of the surrounding wall (applied by the
60s) was made of silica aggregates and artificial cement binder.
The joint mortar placed during the 2006-2008 intervention was
composed of calcite aggregates and lime binder. [figure 4]
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Figure 3.- Decorative ceramics: ceramic panels and tile trencadis. a: upper part of facades decorated with ceramic panels; b: original
raindrop tiles on the body of the central fountain; c: basin of the fountain adorned with tile trencadic -original tiles (1) and tiles placed
at 80s (2)-; d: original tiles manufactured by Zuloaga and e: tiles elaborated at 80s (both SEM-BSE mode images) -differences on texture
and on ceramic body/glazes contact were observed-; f: polarised optical micrograph of the original tile trencadic (crossed nicols), quartz
inclusions in ceramic body and the glaze applied on the ceramic body were observed.

Figure 4.- Artificial stone, coatings and joint mortars. a: top construction elements made by artificial stone -original elements (1) and
replaced at 80s-; b: polarised optical micrograph corresponding to original artificial stone and c: to replaced one (both crossed nicols)
-quartz (Q), potassium feldspar (Kfs) and calcite (Cal)-; d: joint mortar applied at 60s and e: observed by SEM-SE mode, with alite (C3S)
phase mineral presence; f: joint mortar placed in 2006-2008 restoration and g: observed by polarised optical microscopy (crossed
nicols) -quartz (Q) and calcitic rock fragment (CRF)-.
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Conclusions

Regarding to the building materials used at the Former Hospital
of Maudes, the search of documentaryresourcesallowed toknow
about the main role of natural stone at Palacios” constructions,
how the limestone and ceramics participated on the message
that the architect desired to provide to the property or why
Palacios decided to used ceramics or artificial stone since the
beginning of the project. Moreover, such resources pointed out,
on the one hand, the limestone provenance in quarries located
at the Southeastern of the region (Community of Madrid). On
the other, that this limestone was very competitive because of its
relatively easy extraction and transport by rail directly from the
quarry.

The information achieved from the analytical studies permitted
to confirm the provenance of the limestone and to relate its
petrographic features with its good behavior as a very resistant
building material. Besides, more information on raw materials and
technologies used to produce decorative ceramics, both original
and replaced ones, was provided. Physical and chemical data from
the characterization of the artificial stone, stone imitation coatings
and joint mortars were achieved. In addition, as the external joint
mortars were almost completely removed in the last intervention
(2006-2008), the data provided entailed a valuable document.
Such knowledge pointed out a criterion for establishing whether
ceramics, artificial stone, mortars and stoneimitation coatings were
original or not. Therefore, it would enable its new manufacturing if
new replacement operations were necessary.

This study tried to entail acommitment with the better knowledge,
dissemination and preservation of the building materials used
in the Former Workers Hospital of Maudes, Madrid (Spain). If
people in charge of these building materials conservation are
aware of their heritage value, it would be much more possible to
accomplish respectful interventions that may ensure the adequate
conservation of the property.
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Stone provenance and conservation of the Trinitarias Descalzas
of San lldefonso convent, Madrid (Spain)

David Martin Freire-Lista, Rafael Fort

Abstract: The characterization of building stones used in monuments and the location of their historic quarries is key for
maintenance and restoration works. The four most representative building stones of Madrid: flint, granite, Cretaceous dolostone
and Miocene limestone, have been used in the Trinitarias Descalzas of San lldefonso convent of this city. A plaque of Carrara
marble was placed on the convent facade in honour of the Spanish writer Miguel de Cervantes in 1870.

The decay of the stones was determined by characterization techniques such as optical polarization and fluorescence microscopy
and spectrophotometry. This technique gave information about the colour change between the plinth granite of the convent
and quarry granite where it was extracted. The historical documentation complements these data.

Key words: provenance, preventive conservation, building stone, microcracks

Procedencia y conservacion de la piedra del convento de las Trinitarias Descalzas de San
lidefonso de Madrid (Espaina)

Resumen: La caracterizacion de piedras utilizadas en monumentos y la ubicacion de sus canteras histéricas es clave para los
trabajos de mantenimiento y restauracién. En el convento de las Trinitarias Descalzas de San Ildefonso de Madrid se han utilizado
las cuatro piedras de construccién mas representativas de esta ciudad: silex, granito, dolomia cretdcica y caliza miocena. En
1870 se colocé una lapida tallada en marmol de Carrara en la fachada principal en honor al escritor Miguel de Cervantes.

El deterioro de las piedras se determina con técnicas de caracterizaciéon como microscopia Optica de polarizaciéon y de
fluorescencia, asi como la espectrofotometria que da informacién sobre el cambio de color que han experimentado las piedras
con relacién a las extraidas en cantera. La documentacion histérica complementa estos datos.

Palabras clave: procedencia, conservacion preventiva, piedra de construccién, microfisuras

Introduction

Much of the built heritage that exists today was made
in times when current decay agents that can reach and
degrade it were not known. Today these buildings are
vulnerable to these agents, natural or man-made, which act
continuously or in short periods of time. The risks affecting
building heritage should be evaluated using different
techniques (Del Egido 2013: 7) to define prevention
strategies as the heritage stones are irreplaceable and are
partofthe human historyand thereforeits preservationis of
utmost importance (Garcia 1999; Rodriguez 2009: 246). As
various disciplines are involved in conservation, decisions

on preservation or restoration of the built heritage must
be consensual. It is essential to carry out a preliminary
investigation before undertaking any intervention (Goémez
and Gémez 2001: 640; Gomez 2008). European directives
and the scientific community advocate preventive
conservation against the interventional conservation
done in the past, which means that causes of decay should
be identified and measures taken to mitigate against them
(Bruguetas 2014: 12). Conservation and restoration are
complementary actions and a restoration program must
always include appropriate methods of safeguarding,
maintenance and prevention of damage (Cirujano and
Laborde 2001: 696).
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The conventofTrinitarias Descalzas of San Ildefonso (CTDOSI)
in Madrid (Spain) was installed in houses of the Cantarranas
street in 1612, today known as Lope de Vega street (Tovar
Martin1974). The first work was the construction of a small
provisional church where the Spanish writer Miguel de
Cervantes Saavedra was laid to rest in 1616.

The demolition of the church and some houses began in
1673. A new church was built on Cantarranas street. The
first mass in the church was held in 1697. The facade of the
churchis composed of three levels. There are three arcades
occupying the entire width of the facade in the first level.
These arches are carved in granite. On the second level a
central bas-relief and three coats of arms are prominent.
Two are located on the sides of the bas-relief and the other
is above it. Above both lateral shields there is a crown and
a porthole and above the central shield there is a crown
and a central window with jambs and lintels of granite. The
third level features a triangular pediment brick bordered
by granite ashlar and in whose centre a porthole opens
also with a granite edge which finishes off the church.
The pediment is crowned by a central cross and lateral
decorative vases of granite. Corner stones of granite are on
both sides of the main facade of the church.

Once the church was completed, the new convent was
built. Neighbouring houses were bought and reformed to
form the present convent between the streets of Huertas
and Lope de Vega until the eighteenth century. The plinth
is the structural element where more building stones have
been used [Figure 1], since the building’s walls are built with
bricks. The convent was declared a national monument in
1921. The Royal Spanish Academy restored the church in

"
Huertas
street

Lope de

Vega stree
.-. ; ,1‘ ~
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Figure 1.- The three facades of the Convent of Trinitarias Descalzas of San lldefonso (Madrid).

1869 and 1939 to prevent its possible demolition. Today
the convent is listed as a building of cultural interest.

The objectives of this paper are to determine the stones
used in the construction of the convent and their origin
quarries and the decay that occurs in the granite plinth to
ensure that in future interventions restoration work uses
original stones or stones with similar characteristics.

The geological history, petrographic and petrophysical
properties of building stones in addition to climate,
pollution and conditions of use, in conjunction with other
factors influence the durability of building stones (Fort
et al. 2011: 142; Sousa 2014: 584). When the stones are
subjected to temperature changes (Gdmez-Heras, 2006,
2008, 2009; Liu et al. 2015; Vazquez et al. 2016), humidity
(Freire-Lista and Fort 2016: 239) and urban environment
are more susceptible to decay (Pérez-Monserrat et al. 2013:
1076; Sajid et al. 2016: 53).

Methods & methodology

An intensive search of historical documentation was done.
Historical documents have provided data about stone
provenance and historical photographs have provided
information about materials used during interventions in
the last centuries.

A small granite sample was taken from the plinth. A thin
section from this sample wasimpregnated with fluorescein.
Sawing was performed at a low speed (120 rpm) and a low
strain so as not to generate microcracks.

- .
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Figure 2.- A: Granite samples. A1. Fresh granite sample from an Alpedrete quarry. A2. Plinth granite sample. B thin section removed
along a granite ashlar sample from CTDOSI plinth. B1: Fluorescence light micrograph mosaic, showing microcracks. B2: Fluorescence
micrograph mosaic overlaid on polarized micrograph mosaic showing microcracks and mineralogy; B3: crossed nicols mosaic; Biotite

(Bt), quartz (Qz), plagioclase (Pl), Potassium feldspar (K-Fsp).

Granite was characterized under an Olympus BX 51
polarized light microscope fitted with a DP 12-coupled
(6 V/2.5 A) with an Olympus digital camera and Olympus
DP-Soft software (version 3.2). Microcracks were
characterized with the same equipment configuration
by adding a mercury lamp and fluorescence microscopy
Olympus U-RF-T. Photomicrographs were performed
with both polarized light and mercury lamp light. With
the photomicrographs of each microscopic technique a
mosaic made up of 120 photomicrographs with an area of
approximately + 4 cm? was built. Polarization microscopy
has been used to study mineralogy and texture and
fluorescence microscopy to study microcracks [Figure
2]. Six equidistant lines (1.5 cm each) were drawn on the
fluorescence micromosaic and microcracks intersecting
the six lines were counted (Freire-Lista et al., 2015a). The
result of the count number was divided by 90 to obtain the
linear microcracks density (microcracks per millimeter)
(Sousa et al., 2005: 158). A sample from an Alpedrete
quarry, located at coordinates 40.662563, -4.013308, was
taken to compare the colour between the granite from
the quarry and the CTDOSI plinth [Figure 2A]. Once the
plinth granite sample had reached a constant mass, 10
colour measurements were taken. These measurements
were averaged. Granite colour was measured with a
Minolta CM-700d / 600D with a CM-S100 W COLOR DATA
Software SpectraMagic NX spectrophotometer.

The CIELAB system (CIELAB, 1976) colour parameters were
used: luminosity (L*), red to green coordinate (a*) and
blue to yellow coordinate (b*). The Spanish and European

standard UNE-EN 15886, 2011 yellow (YI*) and white (WI¥)
indices were obtained. The overall colour change, AE* =
V(AL*)2 + (Aa*)? + (Ab¥)2 was determined.

Historical books and documents of the convent were used
to determine the provenance of flint used in the plinth, the
stones used in the coat of arms, crowns, bass-relief and
memorial plaque.

Results & discussion
—Characterization and origin of CTDOSI stones

The stones used in the CTDOSI are those that are
traditionally used in Madrid (Fort et al. 2013:421). These
include flint, Alpedrete granite, Cretaceous dolostone
and Miocene limestone of the Madrid basin. Some of
these stones have been reused from the houses that
were previously on this site. Thus, the convent has plinth
masonry sections with flint and granite ashlars. Plinth of
the Huertas street is composed by granite ashlars. The
plinth of Costanilla de las Trinitarias street is composed
of masonry flint. There are granite ashlars and rough
flint stones in the plinth of Lope de Vega street [Figure
11.

All CTDOSI fagades were coated with lime plaster in 1889,
and the plinth was plastered in 1899. This plaster was
removed after the Spanish Civil War, leaving the brick and
stone faces exposed as currently preserved [Figure 3].
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Figure 3.- Top: Photography by the 1930s (Before the Spanish
Civil War of 1936-39). Bottom: Current photographs (2016).

The original granite ashlars have very similar characteristics
and therefore correspond to the same extraction area.
Granite is a hypidiomorphic monzogranite, equigranular
of fine to medium crystal size, petrography identical to
Alpedrete granite, which has been nominated as a ‘Global
Heritage Stone Resource’ due to its significance in the
built heritage of Madrid. (Cooper et al. 2013, Freire-Lista
et al. 2015 ¢, d). The analyzed thin section has mainly
intercrystalline and transcrystalline microcracks (Figure
3B). The granite linear microcracks density is 0.7.

Chromatic parameters of the CTDOSI plinth arerepresented
in Table 1. The AE* between CTDOSI plinth granite and
Alpedrete granite extracted in an active quarry is 11. Plinth
granite yellow tones are due to the ashlars extracted from
a shallow quarry and therefore they are more altered
[Figure 3A] in addition to the decay in situ. Therefore the
granite building is more altered than the quarry and it has
more yellow tones and less luminosity. Figure 4A shows a

granite ashlar of the convent plinth with bush-hammered
marks, the traditional finishing of granite ashlars in Madrid.

Flint used in the plinth [Figure 3B and 4B] comes from
quarries around Madrid, probably from Vicélvaro, at Cerro
de la Mesa quarries (latitude and longitude coordinates:
40.416783, -3.590903). The rock that contains flint is a
micritic limestone. Different types of flint, in colour and
quality, have been identified. Silicification initially gave
rise to opal, which diagenetic weathering subsequently
transformed into quartz (Bustillo et al. 2012: 239).

The ornamental part of the building (coat of arms and bass-
relief of the church) are carved from creataceus dolostone
[Figure 4C and D] (Tovar Martin 1974, 1990). This stone
is formed by rhombic dolomite crystals. It is occasionally
banded because remnants of its original depositional
texture (stromatolitic structures) are preserved. The crystals
are microcrystalline, equigranular (<50 um) and dark, with
few mottled cores. Porosity is high and poikilotopic and
blocky mosaic cements predominate. The presence of
localized iron oxyhydroxide deposits gives this stone its
reddish colour (Fort et al. 2013: 423).

The stone used for the crowns [Figure 4C and D] is an
Upper Miocene limestone from the Madrid sedimentary
basin. It is classified as a lacustrine biomicrite/biosparite
formed by a bioclast skeleton (40% characeae, ostracods
and gastropods) and a paste where the micritic matrix
(20-30%) alternates with sparitic cement (30-40%). The
micrite is a cryptocrystalline mass, calcitic in composition
and dark-coloured (Fort et al. 2013: 423).

The commemorative plaque of Cervantes is carved in
Carrara marble from the western central area of the
Apuan Alps, Tuscany region-Italy. It is a marble lithotype
of homogeneous composition of highly uniform white
colour, variety commercially identified as Michelangelo
marble statuary. This plaque was installed in the convent
in 1870 [Figure 4E].

—Stone decay of the CTDOSI

Pollution agents change over the centuries (Cassar 2016).
The convent was built in a rural environment on the
outskirts of Madrid and now it is in the city center with
pollution and subject to an important tourism flow.

Alpedrete granite has suitable properties to combat
humidity and capillary rise. However intrinsic, anthropic
or weathering microcracks (Sousa et al. 2016; Kronlund et

Table 1.- Chromatic parameters of CTDOSI plinth granite and quarry granite.

_— L*(D65) |a*(D65)| b*(D65) | WI(E313-73) | YI(E313-73)
s L 62.6 1.0 9.9 6.0 20.6
Granite quarry 69.3 -0.6 1.0 34.9 1.8
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Figure 4.- A: Granite ashlar of the plinth. B: Rough stone of plinth flint. C and D: Lateral crowns: Miocene limestone from the Madrid
Basin, Coat of arms: Cretaceus dolostone. E: Carrara marble. F: Location of the historic quarries. G: Schematic stratigraphic column of
Madrid area. Showing only those units from which stones was extracted to build the convent. Modified of Fort et al. 2013.
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al. 2016) like those induced by bush-hammering, produces
coalescence of microcracks and creation of a microcracked
area between 1-3 mm from the surface which may
generate scaling (Freire-Lista and Fort 2016: 937, 2017:
90). Generally the outer surface of granite ashlars follows
the exfoliation microcracks direction, so that microcracks
are perpendicular to the ground. The water capillary rise
along the exfoliation microcracks is a factor contributing
to significant decay. Comparing current and historical
photographs has revealed that the most deteriorated
granite ashlars are located where there are downpipes.
Saline efflorescences (Lopez-Arce et al. 2010), microcracks
(Siegesmund et al. 1991, 1993), soiling, rounding and
granular disaggregation (due to the loss of quartz crystals,
potassium feldspars and plagioclase alteration) (Freire-
Lista et al. 2015b), fragmentation (Vasconcelos et al. 2008),
biological colonization by micro-organisms (Sanjurjo et
al. 2011), black crust (Casal Porto et al. 1991; Silva et al.
2009) and anthropic decay (Rivas et al. 2012; Pozo-Antonio
et al. 2016) are the most important forms of decay in the
CTDOSI plinth.

The traditional finishing of masonry flint is coarse with
conchoidal fractures. These fractures generate planes
which have a very smooth surface without internal
microcracks due to microcrystalline grain size of the flint.
The rough stone flints have a better performance against
decay agents.

The dolostone coat of arms shows loss of cohesion and
soiling. The limestone of the lateral crowns is, along
with the flint, the best preserved stone because lateral
limestone crowns have been installed in the CTDOSI more
recently [Figure 3Aand A’].

The Carrara marble is generally in good condition, its black
patina has been eliminated in the subsequent restoration
after the Spanish Civil War [Figure 3B and 3B’]. Its surface
has slight dissolution and increased surface area, which
increases vulnerability to decay.

The Huertas street facade has been modified. Doorways
have been built by replacing original granite with lower
quality artificial materials like ceramic tile. The use of
Portland cement between ashlar joints and covering them
may also be observed, as well as granite cladding plaques
with differing dimensions to the original ashlars have been
placed in the lowermost part of the plinth and graffities
were painted [Figure 5]. Architecture, restauration and
the urban planning must be focused on sustainable
conservation (Compitello 1999, Larson 2003).

Conclusions

CTDOSI preserves most of the original building stones.
Knowledge of stones, historic quarries and causes of
stone decay are necessary for conservation interventions,
especially for reintegration of damaged ashlars and

b d laques

Figure 5- CTDOSI plinth facing Huertas Street. A: Granite
replacement by ceramic tile. B: Anthropic decay in the plinth.

replacing the original stone with compatible materials.
Each type of stone that forms the CTDOSI has a different
response to decay agents to which they are exposed.
CTDOSI features flint masonry plinth on the facades, which
face towards Lope de Vega and Cuesta de las Trinitarias
streets. Granite is in ashlars of the plinth, arcades of the
church facade, corner stones and other elements such as
jambs and lintels. The coats of arms are carved in dolomitic
stone and the crows are in Miocen limestone of the Madrid
basin. The Cervantes commemorative plaque is carved
in Carrara marble. The stones show loss of cohesion,
soiling, scaling, saline efflorescences, anthropic decay
and microcracks (detected by fluorescence microscopy
techniques). The granite is beginning to yellow. The flint
stones are the best preserved.

Madrid flint originates from ancient quarries near Madrid
while the dolomitic stone corresponds to the Cretaceous
formations of Madrid. Granite is from Alpedrete pluton
and limestone probably from Colmenar de Oreja quarries
both in Community of Madrid.

The type of maintenance or cleaning to be applied to
these centuries-old stones will be influenced by the decay
type, finish and mineralogy, taking special care in the most
damaged granite ashlars.
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Granite ashlars of the plinth present a colour difference
of 11 with respect to that currently being mined at the
quarry. For this reason, when replacing ashlars they should
be used from more superficial quarry stones. The surface
finishing of the replaced ashlars should be the same or
similar to those already in situ.
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How to evaluate shelters for archaeological sites: some
recommendations based on the use of exposure trials

Cristina Cabello Briones

Abstract: Shelters are commonly considered effective preventive conservation methods for excavated archaeological sites. However,
archaeological remains covered with shelters are still deteriorating in many cases, and the shelters can even exacerbate the damage.
Therefore, regular evaluations of the shelter behaviour are extremely important. This paper presents a summary of the main
approaches to shelter performance assessment carried out to date. In addition, the application of geomorphological methods to
heritage conservation has been reviewed. The objective is to determine their suitability for the evaluation of shelters. This paper also
presents the main results from the study on the shelters at the Bishop’s Palace (Witney, England) and Hagar Qim (Malta) on limestone
conservation using exposure trials. To conclude, recommendations based on the case-study sites have been made to improve the
effectiveness of future approaches.

Key words: shelters, archaeological sites, preventive conservation, limestone, exposure trials, the Bishop’s Palace, and Hagar Qim.

Como evaluar las cubiertas para yacimientos arqueolégicos: algunas recomendaciones basadas
en ensayos de exposicion de probetas

Resumen: Las cubiertas son frecuentemente consideradas métodos efectivos de conservacidn preventiva para yacimientos
arqueoldgicos excavados. Sin embargo, los restos arqueolégicos cubiertos siguen deteriordndose en muchos casos, y las cubiertas
pueden incluso exacerbar el dafio. Por lo tanto, inspecciones regulares del comportamiento de la cubierta son extremadamente
importantes. Este articulo resume los principales enfoques en la evaluacién de la actuacién de las cubiertas hasta la fecha. Ademas, la
aplicacion de métodos geomorfolégicos para la conservacion de patrimonio ha sido revisada. El objetivo es determinar su idoneidad
para la evaluacién de las cubiertas. Este articulo también presenta los resultados principales del estudio sobre las cubiertas del Palacio
del Arzobispo (Witney, Inglaterra) y Hagar Qim (Malta) en la conservacidn de piedra caliza usando probetas. Para concluir, se han
incluido recomendaciones basadas en los casos de estudio para mejorar la efectividad de futuras estrategias.

Palabras clave: cubiertas, yacimientos arqueoldgicos, conservacion preventiva, piedra caliza, exposicion de probetas, el Palacio del
Arzobispo y Hagar Qim.

Introduction to shelters for archaeological sites with the landscape is especially emphasised (Pesaresi and
Rizzi, 2007, Michaelides and Savvides, 2008). However, all

Shelters are commonly considered one of the most  of these values must be balanced with the necessity of

effective methods of preventive conservation for
excavated archaeological sites (Roby, 2006). They attempt
to provide optimum conditions for the preservation of the
remains. They are also considered to be less intrusive than
remedial treatments.

It is generally agreed that the main criteria for shelter
design are long-term maintenance, cost efficiency,
materials and design, public access, and non-intrusion
into archaeological deposits (Rivero Weber, 2011, Zanelli,
2015). In this respect, the visual interaction of the shelter

physical protection for the archaeological materials when
a shelter is designed (Cassar et al., 2001, Aslan, 2007).

As shelters can provide a physical barrier to rain and
direct sunlight, appraisals of shelters in the literature
have generally been based on the idea that covering
a site will always be better than leaving it exposed to
the environment. However, shelters do not reduce
environmental damaging factors and/or keep the
microclimate stable in most cases (Demas, 2013). For
example, the open shelters made of metal panels over
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adobe remains in Joya de Cerén (El Salvador) were found
to be affected by excessive air infiltration and strong
winds from outside (Maekawa, 2006). Another example
is the glass enclosure over the mosaics at Villa del Casale
(Italy) characterized by frequent temperature and relative
humidity fluctuations and extreme values (Ministero per
i Beni e le Attivita Culturali and Instituto Centrale per il
Restauro, 2006). Furthermore, shelters may have a negative
impact on archaeological features. In a survey conducted by
the Israel Antiquities Authority, it was found that half of the
106 mosaics covered with shelters were still deteriorating
deteriorating and that, in some cases, the shelters were
exacerbating the damage due to insufficient roofing and
lack of drainage or maintenance (Neguer and Alef, 2008).

Shelter effectiveness has been commonly evaluated by
a qualitative point factor system (Cacace et al. 2006).
More than 100 sheltered archaeological sites in lItaly
were evaluated with this system (Laurenti, 2001). Aspects
such as the morphology of the archaeological area,
materials used for shelter construction, state of building
components, and functionality were studied. It was found
that only 38.7% of the shelters were considered efficient.
For example, the transparent roofs of the House of Ariadne
at Pompeii were classified with a score of 5.5 (intermediate
protection). However, a study on the murals paintings in
2008 demonstrated that the shelters were enhancing
excessive temperatures, particularly in summer and, as a
result, a new shelter made of opaque sheets of cement was
constructed the following year (Merello et al., 2013). This
second assessment was determined after undertaking
microclimatic monitoring. This demonstrates that visual
assessments rarely provide a complete understanding
of the problems affecting a site when used on their own.
Although some other publications gathered the results
of extensive environmental monitoring programmes
(Stewart et al., 2004, Siegesmund et al., 2012, Becherini
et al, 2016), most of the studies on shelters are merely
descriptive (Demas, 2013), and a more critical review of
the effectiveness of the shelters is required (Zanelli, 2015).

Assessments of shelter behaviour should be based on the
identification of possible decay factors and analysis of
environmental data, but also an evaluation of the material
decay and shelter condition (Tringham and Stewart,
2008). However, to date, few studies that have provided
a scientific explanation of the decay processes affecting a
site based on these aspects (Getty Conservation Institute
and Instituto Hondureiio de Antropologia e Historia,
2006). This could be the result of project limitations such as
those related to budget and duration. An alternative could
be found in the use of geomorphological approaches
(Cabello Briones, 2013).

Introduction to geomorphological methods

The main geomorphological approaches to studying
stone weathering at heritage sites are in situ

investigations, laboratory tests and on site exposure trials.
Insituassessments are based on direct measurementsand
analyses on materials from the site. For example, micro-
erosion measurements to monitor surface recession rates
(Trudgill et al., 2001) or analyses of decay products to
evaluate the conservation state of ruins (Doehne, 1991,
Moropoulou and Bisbikou, 1995). Some authors, such
as Siedel (2011), believe that in situ investigations may
provide more reliable information about weathering
than exposure trials or laboratory tests. However, original
materials are usually altered by past interventions or
deterioration patterns, which can change the response
under current weathering conditions (Viles, 2013).
This makes observed weathering phenomena difficult
to extrapolate to other cases or even to other parts
of the same site. In addition, sampling using invasive
techniques may compromise the structural integrity and
aesthetic quality of original surfaces, and destructive
analysis causes material loss. Therefore, they have been
criticised in the conservation field (Carson and Giacomo
Chiari, 2010).

Laboratory tests simulate the impact of certain
degradation factors on specially prepared specimens
under controlled conditions. For this purpose, it
is frequent to use environmental cabinets, where
samples are subjected to conditions in excess of the
magnitude and/or frequency that would be expected
in real-life situations. For example, Laycock et al.
(2008) used accelerated laboratory tests to select a
replacement stone for Truro Cathedral, England. To test
their suitability, several stone types were subjected
to sodium sulphate crystallization and freeze-thaw
tests, following national standards. Laboratory
tests are designed to measure decay in a replicable
way so results benefit from comparison with other
studies, but they have been criticised for their lack of
representativeness of historic buildings (Viles, 2013).
Although results can be obtained in months, these
tests do not reproduce natural conditions and it may
be unrealistic to transfer the results to real monuments,
where diverse combinations of factors might be acting
(Trudgill and Viles, 1998).

Exposure trials consist of placing stone samples (discs,
tablets or blocks) in real-life conditions. Their behaviour
may be employed as an indicative ‘sensor’ of decay under
complex environmental conditions. The specimens can
be brought into the laboratory at intervals for evaluation,
which can provide a link between laboratory simulations
and field observations (Trudgill and Viles, 1998). Exposure
trials last from a few months to determine early stages of
decay (Viles, 1990) to several decades to establish dose-
response functions (Tidblad et al., 2001). Although there
have been some attempts to implement this approach
to the study of shelters, the result is of limited success
because shelters are not similar in typology (Ministero
per i Beni e le Attivita Culturali and Instituto Centrale per
il Restauro, 2006).
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Materials & methods

The shelter assessment at Hagar Qim (Malta) and
the Bishop's Palace (Witney, England) [figure 1] was
based on the use of exposure trials. The objective
was to determine their suitability for the evaluation
of shelters and draw some recommendations to
improve the effectiveness of future approaches.
Analytical investigations of the exposed stones
samples were complemented with visual surveys
of stone remains and shelters, and environmental
assessments. The methodology was intended to be
simple and low-cost so it could be applied widely
(Cabello Briones, 2016a).

Four replicates (90x90x30 mm) of Portland, Cotswold,
Chalk, Globigerina and Coralline limestones were
placed outside, on the periphery and inside the shelters
[figure 2]; Portland, Cotswold and Chalk stones were
used at the Bishop’s Palace between August 2012 and
July 2013, and Globigerina and Coralline stones at the
Bishop’s Palace and Hagar Qim for a comparative study
between August 2013 and July 2014. The samples were
cut from fresh quarried limestone, and their different
types were chosen to represent different degrees of
vulnerability to decay [table1].

IR INtnd MIURAE G Cenkrvitan

Figure 2.- Globigerina and Coralline limestone blocks with
hygrochrons attached with synthetic rubber in a ring-shape
(Cabello Briones, in press).

Changes in the following stone properties were documented
periodically at regular intervals: weight (Sartorius AG
Gottingen balance), elasticity (M-K5, Grindosonic), hardness
(Equotip 3, Proceq), ultrasonic pulse velocity (UPV) (Pundit
Lab, Proceq), colour (CM-700d, Konica Minolta) and general
appearance (USB optical microscope VMS-001, Veho). The
results were compared with control samples that were stored

i |'[ T

| QLS.

Figure 1.- Hagar Qim (Malta) and b) the Bishop’s Palace (Witney, England), both covered with glass fiber and PTFE open shelters

(Cabello Briones, in press).

Table 1.- Physical properties of the stones used in this study (Cabello Briones, in press).

Portland Cotswold Chalk Globigerina Coralline

Water

BS EN 3755:2008 2PsOPtion at 6.96% 12.52% 18.51% 14.75% 3.36%
atmospheric
pressure (Ab)

BS EN 1936:2006 (Oprg)en porosity 14.46% 22.02% 31.17% 31.18% 11.01%
Apparent

BS EN 1936:2006 2100 Kg/m3 2375 Kg/m3 1773Kg/m3  1789.72Kg/m3  2356.52 Kg/m3

density (pb)
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in the laboratory for the duration of the study period. These
techniques have been extensively used to measure a wide
range of decay processes (Nicholson, 2002). Additionally, low-
cost and non-destructive equipment was selected to reduce
costs and minimise the need for many replicates. Temperature,
relative humidity and wetting events were measured using
dataloggers (i-button® hygrochrons, and Tinytag® leaf
wetness logger). The number of NaCl crystallisation cycles
and frost events were derived from temperature and relative
humidity RH data (Sabbioni et al., 2010).

Additionally, twelve Portland limestone tablets (50x50x20
mm) were attached to freely rotated carousels inside and
outside the shelter at Bishop's Palace for 18 months in 2014
[figure 3]. Carousels allow more equal exposure of all faces, in
addition to preventing samples from standing in water when
it rains (Moses, 2000). Tablets were used to compare results
on stone dissolution with those obtained from the NMEP
project (Butlin et al., 1993). Examination by scanning electron
microscope (JSM 5910 SEM, Jeol) was complemented with a
study on salt ion content (Dionex ion chromatograph), pH
of the rain (pH meter, Orion Model 410A) and NO, and SO,
concentrations (Gradko® combined diffusion tubes).

Figure 3.- Free rotating carousel used in this study (Cabello
Briones, in press).

Results

All stone blocks located outside the shelter at the Bishop's
Palace lost more weight than those located inside, but
particularly the Chalk and Globigerina. The outside blocks
also changed colour to a greater degree and showed an
increase in surface roughness. These samples were wetter for
longer and were exposed to lower temperatures. Additionally,
higher temperatures, temperature fluctuations and freezing
events were reduced inside the shelter. On the other hand,
the periphery tended to have higher RH values than the
centre, and outside and an increase in temperatures in early
afternoon during summer could be seen as a sign of a fault in
the shelter design (Cabello Briones, 2014). Higher levels of RH
on the periphery and outside the shelter are most probably
responsible for biological growth observed at the site
during the visual assessment and likely explain the observed
discolouration.

Portland limestone tablets outside the shelter at Witney
lost more weight due to the different microenvironmental
conditions. These also changed significantly more in colour.
As this is a relatively unpolluted site, the colour change could
be of biological origin due to higher water availability. Salts
tended to accumulate in sheltered tablets but, in comparison
with the sites of the NMEP, the concentrations of sulphates,
nitrates and chlorides were lower than expected due to a
change in pollution regime since the 1980s (Butlin et al.,, 1993).

At Hagar Qim, temperature and RH outside the shelter
fluctuated more than in the centre and on the periphery.
Additionally, the temperature was higher outside the shelter
than in the other two positions, especially in summer.
However, a fault in the shelter design made temperatures
increase on the periphery when the sun reached the ruins at
specific times of the day in winter. The shelter was effective in
reducing wetting events and subsequently, the possibility of
biological growth on the ruins. However, alveolisation, often
related to the action of salts, was found to be the main decay
mechanism at the site after the preliminary visual assessment.
Results in the weight changes indicate that limestone blocks
could be affected by a combination of physical weathering
due to temperature fluctuations and accumulation of salts,
with the samples outside the shelter the most affected
(Cabello Briones, 2016b). Globigerina blocks placed outside
were more discoloured than those inside, but there was no
significant difference for the Coralline blocks, which could
indicate a natural weathering process.

In contrast to colourand weight changes, results for UPV, elasticity
and hardness were consistently non-significant statistically,
although this may change with a longer period of exposure.

Discussion & conclusions

Exposure trials are an established technique in the field
of geomorphology but can be adapted to determine
the effectiveness of open shelters on the preservation of
limestone remains at archaeological sites. Short to medium
term exposure trials provide evidence of early stages of decay
and represent a compromise between the time available for
a project and the time necessary to obtain indicative results.
They are especially useful for projects with low budgets and/
or with a limited time for research. This approach should
always be accompanied by a visual inspection of the condition
state of the remains and shelters, as well as environmental
monitoring.

Exposure trials are not destructive for ruins themselves
and allow a wide variety of techniques to be employed. In
addition, replicates can strengthen statistical confidence
because they minimise the influence of stone heterogeneities
and differences in mineralogical and chemical composition.
However, it may be difficult to match decay mechanisms
seen in stone samples with those on the ruins themselves
because of, for example, differences in the stone types and the
influence of past interventions [table2].
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Table 2.- Advantages and disadvantages of the methodology used in this study (Cabello Briones, in press).

Advantages

+ Non-destructive for the ruins
« More information than studying the ruins directly

« Rapid results (early-warning method to detect decay)

- Greater variety of techniques (destructive and non-destructive)

- Stable conditions for measurements if taken to a laboratory

« Possibility of having replicates for strong statistical results

« Suitable for sites with low budgets

- Suitable to be undertaken by non-experts

- Adaptable by choosing different stone types or analytical techniques

- Different positions can be studied with simultaneous monitoring of decay

+ No necessity to close the site to the public (samples are small and discreet)

- Comparisons of sites/environments possible through the use of the same materials

Disadvantages

+ May be difficult to match decay mechanisms seen in the stone samples with those on the ruins
« Sample size could be too small to accurately represent conditions of the ruins
« Samples can be stolen/lost

Table 3.- Summary of the techniques used in this study for the monitoring of stone property changes and observations based on the

experience of the author (Cabello Briones, in press).

Equipment and

Advantages Disadvantages Overall

purpose
- Precise, easy to use, low
_'E. Balance: material  cost, can detect changes Highly affected by handling errors, laboratory conditions
g loss/ deposition in short time periods, non-  and dried samples needed X

destructive

2> Grindosonic: Only good for homogenous stones, more than 1 year of
:g changein EMOD  Easy to use, non-destruc-  exposure may be needed for significant results, influenced
W% (increasein pores tive by environmental conditions, samples of specific shape
W andinner cracks) needed, high variability between replicates
¥ Equotip: change Many measurements needed (large sample surfaces),
£ insurface hard- Easy to use, field work micro-destructive, more than 1 year of exposure may be
-g ness (weathering  equipment needed for significant results, influenced by environmen-
I /deposition) tal conditions, high variability between replicates

Pund{t: changg in Easy to use, field work Stain samples, no good for samples with irregular surfa'-
= UPV (increase in : ces, more than 1 year of exposure may be needed for sig-
o . equipment, non-destruc- . . . o
D  poresand inner tive nificant results, influenced by environmental conditions,

cracks) dried samples needed, high variability between replicates

hoto- .

5 Spectrophoto Precise, easy to use, field
o Mmeter:colour . . .
- . work equipment, non- Influenced by environmental conditions X
S change (soiling/ destructive

biofilms)
o
2 DSLRcameraand Easy to use, good for field
] . .
£ USBmicroscope:  work, non-destructive, . . .
7: surface erosion/  good for before/after mea- Only visible changes, low magnification X
g soiling surements
S

lon chromatogra-
£ phy:salt content . Requires preparation of samples (time consuming and
S Precise . . L . X
v (amount and expertise required), micro-destructive

type)
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Stones with low apparent density, high water absorption
and high open porosity, such as Chalk and Globigerina,
are likely to weather after only a short time in situ (a year
in the case of this study). Stones with higher apparent
density but which are fine-grained, such as Portland
limestone, are also good indicators of decay but the time
of exposure needed to obtain significant results may be
longer. On the other hand, stone samples with very rough
surfaces and a heterogeneous surface colour, such as
Coralline and Cotswold, increase the variability of baseline
data and are, in comparison, not good indicators of decay.

The techniques used in this study were selected to
monitor a wide variety of physical, chemical and biological
weathering processes. Weight loss, elasticity, hardness and
UPV detect physical weathering in terms of loss of material
(cracks, erosion and increase in porosity). In addition,
analyses of salt content and weight gain can provide
information about chemical weathering processes. Colour
and visual changes (by macroscopic and microscopic
imaging) can be used to corroborate the presence of
biological films as well as signs of physical weathering and
soiling. A summary of the techniques used to determine
stone decay is presented in Table 3. The advantages and
disadvantages are based on the experience of the author.
An overall evaluation refers to the recommendations of
the author after taking into consideration their simplicity
of use and the results obtained.

Stone blocks and tablets provide an indication of the relative
aggressiveness of different environments across the sites.
Therefore, their use has been found to be a suitable option
for monitoring the effects of shelters on archaeological sites
mainly when comparisons are required and/or direct tests
on original surfaces need to be avoided.

The figures and tables of this paper were first published in
the 5th International Conference Youth in Conservation of
Cultural Heritage YOCOCU 2016 Congress Book, published
in relation to the conference YOCOCU 2016, organized
by Museo Reina Sofia’s Department of Conservation-
Restoration, Fundacién Museo Reina Sofia, YOCOCU (YOuth
in COnservation of CUltural Heritage) Association and the
Institute of Geosciences (CSIC-UCM), which took place from
September 21th to 23th, 2016.
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Preliminary investigation of the preparation of repair mortars
for the Temple of Diana, Mérida, Spain

Duygu Ergencg, Rafael Fort Gonzélez

Abstract: In this paper, characterization of the mortars of different constructive elements in Roman Temple of Diana for its conservation
is presented. Mortar samples collected from different parts of the Temple were characterized by means of polarized optical microscopy
(POM), X-ray diffraction (XRD), thermal analysis (TGA-DSC) and X-ray fluorescence (XRF).

The optical microscopy results revealed that the mortars are composed of lime binder and quartz, feldspar and biotite grains
together with granitic and metamorphic rock fragments as aggregates. XRD analysis supports the microscopic observations and adds
the information of the presence of actinolite in the aggregates. XRD analysis further indicates the same origin of the granitic and
metamorphic rocks from the surroundings and reveals an absence of biotite in the flooring mortar and only a trace of quartz in the
masonry mortar of criptoporticus. According to results of TGA-DSC and XRF analyses, mortars were used in the channel in front of the
Temple, the foundation of granite ashlar, and the inner wall of criptoporticus has higher hydraulic character.

For the future conservation of the monument, the information provided here about the composition of original mortars will be useful.

Key words: conservation, Roman mortar, microstructural and thermal analyses.

Investigacion preliminar de la preparacion de morteros de reconstruccion para el Templo de
Diana, Mérida, Espaiia

Resumen: En este trabajo se presenta la caracterizacion de los morteros de diferentes elementos constructivos en el Templo Romano de
Diana con vista a su conservacion. Las muestras de mortero que fueron recogidas de diferentes partes del Templo se caracterizaron por
microscopia éptica polarizada (POM), difraccién de rayos X (DRX), andlisis térmico (ATG-DSC) y fluorescencia de rayos X (FRX).

Los resultados de la microscopia 6ptica revelaron que los morteros fueron realizados con un aglomerante de cal, y con agregados de cuarzo,
feldespato y biotita junto con fragmentos de rocas graniticos y metamorficos. Los analisis DRX apoyan las observaciones microscopicas y
afaden lainformacion de presencias de actinolita en los agregados que indican el mismo origen de las rocas graniticas y metamorficas del
entorno geoldgico de Mérida (Espafia) y muestra la ausencia de biotita en el mortero de suelo y poco cuarzo en el mortero de mamposteria
de criptoporticus. Segun los resultados proporcionados con ATG-DSC y FRX los morteros utilizados para la construcion del canal frente al
Templo, la fundacion de silleria de granito y la pared interna de criptoporticus tienen alto caracter hidraulico.

Para la conservacion futura del monumento es necesario tener presente estas caracteristicas para el disefio de los morteros de restauracion
a utilizar.

Palabras clave: conservacion, mortero romano, andlisis microestructrales y andlisis termales.

Introduction

Unfortunately, the practice of heritage conservation
is often perceived as the prompt and cursory repairs
that coincide with the utilization of restoration work to
attract tourism. However, appropriate interventions and
compatibility with original building materials are just as
indispensable as aesthetic concerns. Therefore, to extend

the long term durability of the monuments and historical
buildings, detailed characterization of building materials is
necessary.

In the conservation intervention decisions of built
heritage it is necessary to know the characteristics of
building materials to determine the most appropriate
restoration techniques (Elert et al. 2002). It is important
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as much for the joint and filling mortars, coatings, and
the foundation as for the building stone. Mortars are the
first materials that tend to deteriorate and end up lost, in
other words they are the scarifying materials in a building
complex. This criterion is necessary to keep in mind in all
interventions but especially concerning the monuments
of Roman times where mortars were used in construction
with a very strict care. Hydraulicity and the proportions
of components in the mortars differ according to the
function of the construction. These mortars are usually
preserved in very good condition until the present
day, but it is often necessary to use repair mortars for
restoration. For this purpose, it is essential to use lime
mortars with the addition of appropriate aggregates that
allow the physical, chemical properties and degrees of
hydraulicity to be compatible with the original Roman
mortars (Rodriques and Henriques 2002; Veiga et al. 2009;
Stefanidou 2016).

The most compatible materials are those that have the
same composition as existing materials or incorporate
compounds that do not generate risks of damaging the
original materials (Maravelaki-Kalaitzaki et al. 2005). To
this end, there is a tendency to incorporate a variety of
organic additive components in repair mortars such as
natural fibres or synthetic polymers (Maravelaki-Kalaitzaki
2007; Soufi et al. 2016), inorganic nanoparticles (Rao et
al. 2015; Arizzi et al. 2015), or bio-consolidants (Ducasse-
Lapeyrusse et al. 2015). Such additives increase the repair
mortars’ consistency and may improve their qualities by
increasing their resistance to deterioration.

Although previous studies have been conducted on the
Temple of Diana, no information exists on the composition
of the original mortar used to construct this Roman
monument. This paper aims to characterize the original
mortars with different constructive functions in the Temple
of Diana of the Roman city of Emerita Augusta with a view
to its future restoration.

Temple of Diana

The Temple of Diana is located in the Colonial forum
(forum Coloniae) (Ayerbe et al. 2009) (Alvarez Martinez
and Nogales Basarrate 2003) situated approximately 500
meters northwest of the theatre and amphitheatre of
the Roman city of Emerita Augusta [figure 1]. The city was
founded in 25 BC by the emperor Octavian Augustus as
a retreat area for Veterans. When the city was converted
into the capital city of the Roman province of Lusitania, it
reached a great splendour. Currently the city retains many
preserved monuments: the theatre, amphitheatre, circus,
and several aqueducts, the bridge over the Guadiana River,
the House of Mitreo, the Arch of Trajan, neighbourhoods
like Morerias, part of the Roman wall, and walkway of the
Via de la Plata. Today, the city is called Merida and in1993
was declared a UNESCO World Heritage Site (Barroso and
Morgado 1996).

Figure 1.- Map showing the location of Temple of Diana.

The Temple of Diana represents the typology of such
temples of the era, having a rectangular plan with a
hexastyle portico, peripteros with 11 columns, which consist
of 10 m high Attic bases, fluted shafts and Corinthian
capitals that stand upon a 3 meter high podium. The
dimensions of the NE-SW oriented temple are 40.75 m in
length and 21.90 m in width, its main facade faces south
and lies back to decumanus maximus of the city [figure 1]. A
portico surrounds the temple on three sides (cryptoporticus)
and encloses a garden (themenos). Within the garden area,
parallel to the western and eastern fronts, there were two
tanks with their channels. The temple was built entirely of
granite; the podium has large granite ashlars forming a well-
built opus quadratum.The cryptoporticus was built in granite
masonry in regular courses.

With its architectural features, the Temple of Diana fits into
the Augustus period or the early years of the Julio- Claudia
dynasty (de la Barrera 2000), the lineage having shown
their allegiance to the imperial cult (Alvarez Martinez 1991;
Mateos Cruz 2006).

Based on archaeological excavations, it is estimated that the
monument was abandoned during the 5" century, between
period of Constantine and Theodosius (Alvarez Martinez
1991). In the late 15™ century the Palace of the Corbos was
built inside the temple, using the podium and columns as
structural support, maintaining that function until 1972
when it was expropriated by the State. The temple was
declared a National Monument on the 13" of December
1972.

Various archaeological excavations have been undertakenin
the temple. Among others, the most important were carried
out by José Maria Alvarez Martinez (1972-1975 , 1985-1986
,1992) and Felix Palma from 2001 to 2011 (Alvarez Martinez
1991; Palma 2003). Based on these excavations, the most
significant restoration was undertaken by Jose Menendez-
Pidal in 1975, in which architectural elements were replaced
with granite, and some parts of the Palace were removed.
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Later, several interventions were carried out by Dionisio
Hernandez Gil between the years 1985 and 1992. A partial
reconstruction of the temple was constructed based on
the findings of archaeological excavations. There have
been recent developments in landscape regulation and
urbanization, by the architect José Maria Sanchez Garcia,
which beganin 2011.

The objective of this study is to improve the knowledge of
the composition and durability properties of the mortars
used in the construction of the Temple of Diana, which is
necessary for its conservation.

Materials and Methods

Samples of five mortars were taken from different parts of
the Temple of Diana according to the function of the mortar
in the structure [table 1].

The M1 sample is light brown-beige colour mortar that
constitutes 5 mm to 4 cm diameter coarse aggregates
(caementa) and lime lumps 1-4 cm in size. Poorly sorted
aggregates in the porous lime binder are angular to sub-
angular, which indicate crushed fragments of the rocks
[figure 2]. Sample M2 is a whitish mortar that has coarse 5
mm to 2 cm diameter aggregates (caementa). These poorly
sorted aggregates are sub-angular to round in shape. The
whitish-yellow M3 mortar sample contains 4 mm to 1 cm
diameter coarse aggregates (caementa), and 1.5 -4 cm lime
lumps. Poorly sorted aggregates in the porous lime binder
have angular to sub-angular forms. Sample M4 is whitish
in colour and contains smaller, (0.5 to 5 mm diameter)
aggregates. Moderately sorted aggregates in the porous
lime binder have angular to sub-angular forms, indicating
crushed rocks. Sample M5 is whitish-beige mortar with
smaller aggregates (0.5 to 5 mm in diameter) and 2 cm
lime lumps. Moderately sorted aggregates in the porous
lime binder have angular to rounded forms. Although no
ceramic fragments were visible to the naked eye, lime lumps
were observed in the samples M1, M3, and M5.

Samples were characterized through different analytical
techniques including Polarised light optical microscopy
(POM), X-ray diffraction (XRD), X-ray Florescence (XRF) and
thermogravimetric analyses.

Ikt IR L Comdrvatan

Figure 2.- Image of Temple of Diana.

POM was conducted on an Olympus BX51 microscope
fitted with an Olympus DP12 digital camera. Entire mortar
samples, including binder and aggregates were analysed
using this method.

Mortars were grounded and the powder samples were
divided into three groups. The first group of samples
were used in XRD analyses. A Bruker D8 Advance X-ray
diffractometer fitted with a copper anode tube and PC-
ADP diffraction software was utilized. XRD patterns were
acquired by operating at 40 kV and 30 mA at 26 angles of
2-68° with a 0.020-step scan, at a speed of 2° per minute,
using a CuKa radiation and a graphite monochromator.
EVA X-ray diffraction analysis software was utilized for the
interpretation of graphs.

The second group of powder samples were formed into
pellets for use in the XRF analyses. A portable (EDTRX)
THERMO NITON model XL3T X-Ray Fluorescence device
was used. For a better comparison with the literature,
the results were converted into traditional XRF desktop
equipment results, according to the correlation
methodology implemented in the previous research
(Ergencg et al. 2016).

Hydraulicity cementation indices were calculated
for every sample to gain insight into the degree of
hydraulicity [equation 1, equation 2].

Table 1.- Percentage content (%) of major elements and Hydraulicity Index (HI) and Cementation Index (Cl).

Sio, AlLO, Fe,O, CaO MgO HI d]
M1 33.65 3.54 3.17 25.69 4.63 1.33 3.12
M2 21.88 2.21 1.39 35.65 533 0.62 1.50
M3 38.95 415 3.28 20.51 <LOD 2.26 5.65
M4 18.39 2.72 4.01 3944 <LOD 0.64 1.45
M5 37.84 2.78 2.53 21.61 <LOD 2.00 5.13
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Equation 1. Hydraulicity Index (HI) (Boynton 1980; Elert et
al. 2002).

_ Si02 + Al203 + Fe203
= CaO + MgO

Equation 2. Cementation Index (Cl) (Eckel 2005; Lindqvist
2005; Elsen et al. 2012)

e 2.85i02 + 1.141203 + 0.7Fe203
- Cal + 1.4 MgO

The third group of powdered mortar samples was
analysed using Thermal analysis (TG-DSC), performed with
a TA Instruments SDT-Q600, DSC Q-200 and General V4.1C
DuPont 2000 thermogravimetric analyser, in a nitrogen
atmosphere at a heating rate of 10 °C/min.

Results and Discussion

—Polarized Optical Microscopy

Microphotographs show the aggregates of quartz,
calcite, feldspar, biotite, and rock fragments encased in
a cryptocrystalline micritic matrix, that indicates use of
a lime binder. Except for sample M3, all other observed
mortar binders show dark-brown colour and carbonated
appearance under the microscope. Granitic rocks,
quartzite, slate and schist comprise the observed rock
fragments [figure 3], which coincides with the geology of
the surroundings (Robador and Arroyo 2013; Mota Lopez
2015). Regarding the fragments; sample M1 contains
polycrystalline quarzitic rock fragments, sample M2 has
elongated metamorphic rock fragments with rounded
edges and rounded opaque minerals, samples M3 and
M4 has bigger edged feldspar grains, granitic rocks , and
elongated schist, slate and limestone were observed in
sample M5 [figure 3].

According to visual examination of thin sections, binder
aggregate ratios are estimated 1:4 in M1, M2 and M5 and
1:3 in M3 and M4. 1 to 3 cm lime lumps are encountered
only in the samples M1, M3 and M5. Presence of lumps
either indicates dry slaking, lack of water in slaking, or poor
workmanship (Silva et al. 2006; Moropoulou et al. 2016).

—X-Ray Diffraction

The mineral compositions of mortar samples determined
by X-ray difraction is presented in igure 4. Difractograms
of the samples show that the main constituents of the
mortars are quartz, calcite, and feldspar (albite, anorthite).
Biotite is the accessory mineral, which is omnipresent in all
samples except M2, and is present in greater intensity in
sample M3. Proportions of calcite and quartz vary in every
sample:in M1, M3 and M5 quartz is predominent, while M4
has very a little amount of quartz. M1, M4 and M5 have the
same peaks of actinolite (Ergenc and Fort, in press).

| Ienind e G Cemdrvatan

Figure 3.- Photos of collected samples with their location in the
temple M1: Foundation of the granite ashlar, M2: Flooring, M3:
Vault of fountain or channel in front of the temple, M4: Masonry
wall of Criptoporticus, M5: Inner wall in Criptoporticus.

Results of X-ray diffraction analysis supports the petrographic
analysis under polarized optical microscopy. In the XRD
patterns, calcite, coming from the binder and quartz, feldspar,
biotite and actinolite arereleased due to the granitic and
metamorphic rocks that were used as aggregate.

—X-Ray Fluorescence

According to results of chemical analysis of principal major
elements, samples M3 - M5 and M2 - M4 can be grouped
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Figure 4.- a) Quartz and feldspar grains together with quartzite
fragment embedded in carbonated lime binder in M1 under
plane polarized light b) dark brown coloured lime binder with
rounded to angular metamorphic rock fragments and quartz
and feldspar grains in M2 under cross polarized light ¢) square
edged altered feldspar in M3 under plane polarized light d)
Biotite on the left and fragmented plagioclase on the right in M4
under cross polarized light e) Lime lump with recrystallization in
its cracks in M5 under plane polarized light f) Schist fragment,
quartz feldspar aggregates and large pores in M5 under crossed
polarized light.

together. M3 has the highest hydraulic and cementation
properties, which is due to the presence of the alkali
reactive calcium-aluminum-silicate-hydrates (C-A-S-H).
The highest MgO values are detected in the M1 and M2
samples, whereas the highest CaO and Fe,0, and the
lowest SiO, values are seen in sample M4 [figure 5]. M2 and
M4 have the least hydraulic character with low HI and Cl
values (Elsen et al. 2012).
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Figure 5.- XRD Patterns of mortar samples of Temple of Diana (Q:
quartz, C: calcite, Al: albite, An: anorthite, Bi: biotite, Ac: actinolite).
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Figure 6.- CO,/H,0 vs CO, plot.
—Thermal Analyses

Weight-loss percentages were calculated from the TGA-
DSC curves within selected temperature ranges. In the
temperature range below 120°C weight-loss is due to
adsorbed water; from 120°C to 200 °C the weight-loss
of water from hydrated salts or from gypsum occurs;
between 200°C and 600°C the weight loss is due to
structurally bound water from the hydraulic compounds
and finally, the weight loss due to the release of CO,
as a consequence of the decomposition of calcium
carbonate (CaCO,) takes place at temperatures above
600°C (Moropoulou et al. 2000; 2016).

The hydraulicity of mortars is represented by the inverse
relation of decomposition of carbonates (CO, - weight
loss% above 600°C) to structurally bound water (H,0 -
weight loss% between 200°C - 600°C) (Bakolas et al.
1995; Moropoulou et al. 2000; 2016; Biscontin et al. 2002;
Boke et al. 2008). Figure 6 shows the exponential increase
of inverse hydraulicity with CO,. This correlation allows
classification of mortars according to their hydraulic
properties. Since none of the samples show CO,/H,0
higher than 10 and higher CO, values, this demonstrates
that all have hydraulic character.

As shown in figure 6, two groups are glittered: the first
group includes samples M1, M3 and M5, which are
suited to 5 - 15% CO, and CO,/H,O below 5%, and the
second group including samples M2 and M4 fall into
the ranges of 15 - 25% CO, and 5 -10% CO,/H,O. First
group can be classified as highly hydraulic (Bonazza et al.
2013) or natural pozzolanic mortars (Moropoulou et al.
2000; 2005; Genestar et al. 2006). The second group can
be classified as hydraulic mortars (Bonazza et al. 2013),
or artificial pozzolanic mortars (Moropoulou et al. 2000;
2005; Genestar et al. 2006).

According to Moropoulou et al. (2000) weight-loss after
700°C implies the complete decomposition of calcium
carbonates in mortar as additive or aggregate or re-
carbonation, so weight-loss near 750°C of in sample
M3 indicates re-carbonation of lime concerning the
lighter colour binder observed under the microscope as
no calcitic aggregate is observed. Samples M1, M3 and
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M5 reveal exothermic peaks between 200°C and 400°C
which indicate C-A- S-H formation (Bruno et al. 2004)
and show well marked transformation peaks of quartz at
573°C.

Conclusions

In this study, various analytical techniques were utilized
to characterize mortars that were collected from the
RomanTemple of Diana in Mérida. Results of macroscopic
and microscopic analysis show that they are lime mortars
with moderately to poorly sorted aggregates embedded
in a cryptocrystalline micritic matrix which indicates an
original lime binder composition. Quartz and feldspar
grains are the main constituents in aggregates. In
addition, the presence of actinolite in the diffractograms
indicates the provenance of the aggregates is the granitic
and metamorphic rocks from the local surroundings.
XRD analysis also shows the absence of biotite in the
flooring mortar and rarity of quartz masonry mortar
used to construct the criptoporticus. According to TGA-
DSC and XRF analyses, mortars were used in the channel
in front of the Temple, the foundation of granite ashlars
and the inner wall of criptoporticus has higher hydraulic
character. Flooring and masonry mortars consist of
predominantly poorer raw materials and so have lesser
hydraulic properties. For the implementation of the
conservation and restoration of the temple, repair
mortars should be prepared in accordance with the
characteristics revealed by this study.
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The Stair: An Anthropological and Symbolic Element. A
research on the stairs in the Long Chang Temple (China)

Weigiao Wang

Abstract: In the era of mass production, architecture is also on its way to rapid construction and industrialization. Stair space is one of
those architectonic elements to be sacrificed. Simultaneously, we also pursue the texture and quality of architectural space of heritage
with nostalgia. The value of architectural heritage has received increasing attention, not only because of their historic significance, but
also due to their inspiration for contemporary architecture design.

Based on the Buddhist heritage—Long Chang Temple, the article is trying to conclude the inspiration to the design of public space,
especially the connection space through basic architectonic element—stairs. Through visiting and field mapping on the stairs, it analyzes
the relationship between stairs and other basic elements of architecture including route, light, water and time. It focuses on how stairs
transmit information and atmosphere of different spaces through corporal perception. The essence of stair, as an anthropological and
symbolic element, results in an inspiration thinking for contemporary architectonic design.

Key words: stair, anthropological, symbolic, corporal perception.

La escalera: un elemento antropolégico y simbdlico. Una investigacion sobre las escaleras en el
Templo de Long Chang (China)

Resumen: En la época de la produccién en masa, la arquitectura estd en camino a la produccién rapiday la industrializacién. El espacio
de la escalera es uno de los elementos arquitecténicos que ha sido sacrificado. Al mismo tiempo, también perseguimos la textura y
la calidad del espacio arquitecténico del patrimonio de nostalgia. El valor del patrimonio arquitecténico ha recibido una atencién
creciente, no sélo por su importancia histdrica, sino también por su inspiracion a la arquitectura contemporanea.

A partir del patrimonio budista, el Templo Long Chang, el articulo trata de llegar a la conclusién de la inspiracion para el disefio del
espacio publico, especialmente el espacio de conexidén a través de la escalera, uno de los elementos arquitectonicos basicos. A través
de investigacion y asignacion de campos en las escaleras, se analiza la relacion entre las escaleras y otros elementos bdasicos de la
arquitectura: por ejemplo, el recorrido, la luz, el agua y el tiempo. Se centra en cémo las escaleras transmiten informacion de diferente
espacio a través de la percepcion corporal. La esencia de la escalera como un elemento antropolégico y simbélico resulta en una
inspiracién pensada para el proyecto arquitecténico contemporaneo.

Palabras clave: escalera, antropoldgico, simbdlico, percepcién corporal.

Scope and aims

In contemporary architecture design, public space,
especially the connection space, plays a more and more
important role. Stair, as a vertical transportation space,
it takes more physical effort to walk on the stair than on
the ground, which may result in tiredness, discomfort or
even pant of breath. Instead of giving rise to tiredness
and boringness for visitors, could stair space become
more interesting to give better experience and corporal
perception? In order to demonstrate this possibility, the

article is based on the 62 stairs of Long Chang Temple to
investigate how they can transmit anthropological and
symbolic significance of Buddhist space.

Introduction of Long Chang Temple

“Chinese Buddhist temple is the place where Buddhists practice,
study and interpret Buddbhist sutra as well as worship Buddha.
Also, it is the place for holding religious ceremony, as well as other
activities for the soul of a deceased person. Besides all of these, it
is also the place for daily life of Buddhist.” Lin Luochen (Lin, 2013)
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—Location

Long Chang Temple [figure 1] is located on the hillside
of Baohua Mountain in Jiangsu Province, China, which
is close to Shanghai. Baohua Mountain is called “the first
mountain of Lvzong” (LIU 1980), one of the mostimportant
schools of Buddhism in China. It is the highest mountain
in the periphery, which is 431.2 meters above sea level.
There is an area of over 50 kilometers, surrounded by
over 360 mountains in different sizes. There is a well-
known saying that “the sacred mountains are occupied
by prestigious monks.” It implies that there is a special
relationship between mountains and temples, which
means that construction of temples has to be adapted to
the change of topography of mountains.

— History

Long Chang Temple was built in the first year (A.D. 502) of
Liang Dynasty and logon name was Bao Chi Kung. Then
after that until 1931, its name was Hui Chu Ssu while
now it is called Long Chang Temple. Originally there
were 999.5 bays in this temple (here one bay is equal to
the distance between two rows of columns). According
to rules of ancient China, only royal architecture could
have more than 1000 bays. Compared to other temples,
it was considered to have a significant scale at that time.
In the later years or almost every dynasty, the temple has
gone through several big evolutions because of fires,
earthquakes, wars and so on. Nowadays there are only
about 400 bays left with a total area of 7,240 m? and the
available area is 5,725 m2 Among them, the major of the
existing buildings [figure 2] were built during the Ming
dynasty (A.D. 1368-1644) and Qing Dynasty (A.D. 1636-
1912). This temple was considered as one of the most
famous and visited Buddhist temple in Southeast China.

— Construction process

“Its peculiar plan, “built in the likeness of a lotus flower,” is
well worth recording in drawing as well as in Buddhism and
partly because of the role the monastery has played and
still plays in the history of Chinese Buddhism and partly
on account of the deviations from the orthodox plan type
which characterize its layout!” --). Prip-Meller (Prip-Mealler
1937)

From the quote of Prip-Mgller (1937:1), who visited and
mapped the temple in 1930s, we learnt that Long Chang
Temple was quite famous for its special layout. It is a
large temple with a small entrance. In contrast with other
Buddhist temples that usually face to the south, it faces
to the north. The construction of space was developed
according to following symmetry principles and the
respect for the topography changes of Baohua Mountain.
There are several temple blocks in Long Chang Temple
and each block has its own patio.

Yang Shuhui.

Figure 2.- Long Chang Temple, From woodcut in Bao Hua Shan
chronicle. 1644-1911. LIU, M. (1980). Bao Hua Shan chronicle.
Taipei: Mingwen Express.

Among them, there are three most important building
blocks: Copper Temple, Mahavira Hall and Jietan Hall.
Copper Temple is the oldest building in Long Chang
Temple, constructed around the year 1605. The building
block of Copper Temple is still the most ideal space for
meditation and practice Buddhism, which atmosphere
is more peaceful and quiet. Mahavira Hall is the largest
construction block, which was erected 38 years later.
Usually there are a lot of Buddhism activities been held
here, which attract many of pilgrims to worship Buddha.
The atmosphere of space here is more solemn and
ceremonious. Jietan Hall, constructed around the year
1663, is the most unique place of Long Chang Temple
where religious discipline is taught and examined. The
atmosphere of space here is more serious and mysterious.
The flexibility of the layout can be fully adapted to the
terrain environment, time changes and religious activities
needs. In this construction process [figure 3], the stairs
play an indispensable role, connecting these scattered
fragment space into an organic whole with a solemn
atmosphere.
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Figure 3.- Construction process of Long Chang Temple. Drawing
by Author.

The importance of stairs for Long Chang Temple

— Introduction of the stairs

According to the investigation, there are totally 62 steps
and stairs in Long Chang Temple, which are divided into 7
groups [figure 4]. Before the introduction, it is better that
we could understand the differences between stairs and
steps. Stair is the connecting element between different
floors. Step refers to the element that connects indoor
and outdoor space where there are usually 2 or 3 steps.
The article treats steps and stairs in the same way, since it
focuses more on their relationship with surroundings and
how can they perform as anthropological and symbolic
elements.

&

Figure 4.- Functional layout and important stairs. Drawing by
Author (Plan of Long Chang Temple redrawn from the mapping
drawing by Zhu Fuyi in 2014 and by J. Prip-Moller in 1937).
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—Relation with other elements

To deeply understand stairs in Long Chang Temple, the re-
search is developed according to the following four aspects:
narrative of route, reveal of light, path of water, stairs and
time.

« Narrative of route

The beauty of a stair not only depends on its concrete, physical
shape, but also its possibility to provoke abstract preliminary
thoughts as well as its influence on the space around. The
route for architecture is as important as the clue for the story.
For Long Chang Temple, the design of visiting route plays
a significant part on the expression of Buddhist spiritual
connotation. Here the visiting route is divided into two parts,
the mountain route and the visiting route inside the temple.

-The mountain route

The original way to reach Long Chang Temple is a curved
mountain road surrounded by woods. Its slope is very
gently that the height of each step is only 60mm. Step by
step, visitors climb up the mountain become nearer to the
temple unconsciously. During the journey of climbing, with
the ripple of the stream, visitors will go through two gate
houses, and finally reach the Ch'ien Kung Ch'ih, the public
pond of the ordination. Then pass through Lung Well, which
is considered of special importance to the Feng Shui of the
whole place. Then after passing a small Tu Ti Miao, a temple
for the local god, the pilgrim turns to the right and walking
up a sloping road paved with great granite slabs, one finds
himself on the big, similarly paved square in front of the
monastery.

The route up to the mountain is winding and long. To some
extent, being influenced by the circumstances and walking
repeatedly step by step, visitors will gradually calm down
and feel the religious atmosphere more and more intensely.
In this sense, the winding route is the transitional link
between the secular world and the religious world and it
leads people to the pure land of religion naturally.

-The route to worship Buddha in the temple

According to the rules of Buddhism, it is said that visitors
should worship Buddha and visit temple in the clockwise
manner, which creates a best way to visit the whole temple.
On the main route of visiting Long Chang Temple, there
are three stairs [figure 5] which play important role on
connecting three main building blocks. They are a set of
steps in the Main Gate of temple, the stair between Mahavira
Hall and Jietan Hall and the stair between Jietan Hall and
Copper Temple.

A set of steps in the Main Gate of temple [figure 6] is set as
a dedicated media to lead visitors to pass through the gate
slowly and quietly. Although only six steps to climb up while
two to climb down, there are differences in their size, height
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and material. All these change and details are working on
rendering the atmosphere of entering the temple, and
visitors have to notice the existence of steps and walking
slowly and carefully, especially with devout gesture to pass
through the Main Gate.

The stair between Mahavira Hall and lJietan Hall is a long
stair with 25 steps, which is set between two walls. In the
platform of the stair, there is two doors on both sides of the
wall, leading to two patios of odorous osmanthus trees. The
mysterious light entering from two doors attracts visitors
to explore it in their steps slowly and carefully. The shifting
light in the stairs guides visitors from the bustle and bright
Mahavira Hall to the quiet and solemn Jietan Hall.

The stair between Jietan Hall and Copper Temple is a straight
open stair of 40 steps. There is cloud pattern on the walls
on both sides of the stair, which is good at creating strong
religious atmosphere as well as stressing the specialty of
Copper Temple. Through change of details, visitors could
deeply feel the religious significance of the temple.
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Figure 5.- The relationship between three important stairs in the
main route. Drawing by Author.

Figure 6.- The details of a set of steps in the Main Gate of temple.
Drawing by Author.

“Our body is both an ‘object among objects and the
which sees and touches them'”--Maurice Merleau-Ponty
(PALLASMAA, 2012)

If the temple is imagined as a story, the route is the
clue while the stairs are often the turning point or even
climax. Stairs influence on people’s feeling about the
route and surroundings by influencing the steps and
directions of walking. Stairs, in a sense, do have influence
when visitors come to understand the story of the temple
through their steps.

« Reveal of light

“Architecture is the masterly, correct and magnificent
play of masses brought together in light" --Le Corbusier
(PALLASMAA, 2012)

The stairs, essentially, is kind of traffic space, where light
is required as best tool to show the change of heights.
Usually, the first and last step as well as the turning
platform need more light to call enough attention to
visitors. Besides ensuring safety, light could bring more
significance for stair space. It may suggest the importance
of entrance, indicate the direction of route and introduce
information of space around the stair.

-The boundary of stair

Generally, stair itself defines the possibility walking range
while the introduction of light creates the real range
for personal perception. For example, the stair from
Mahavira Hall to Jietan Hall, there is a beam of mysterious
light performing as hint of entrance. Stair is set inside a
closed space. There are two small doors in the transitional
platform so that the light can shine in. As light illuminates
two small doors, together with the lightened platform
create an important dividing line in the continuous stair.
It creates a poetic pause in this platform of stair. Even
though visitors still stand inside the stair space while they
might be already attracted by scenery in the patio along
with the entering direction of light. To some extent, the
light here contributes to introducing the information of
patio to enclosed stair space. Actually, it forms the real
boundary of experience for visitors.

—Definition for light

Although light could define the boundary of stair, similarly
stair space could decide the entering way of light. Usually,
stair is set in an enclosed space. Then according to Feng-
shui as well as construction demand, windows and doors
are added to bring light and circulation for stair space.

- Path of water

In ancient China, water was considered as kind of
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fortune, which was expected to be treated well. Usually,
deep, clear and quiet water is regarded as beauty while
torrential, rushing and noisy as inauspiciousness. It is
very important to build up a legitimate drainage system
in the temple. Long Chang Temple is on the halfway up
the hill and faces north. The space layout is compact.

-Defined the path for flow

There are 10 groups of steps in Patio Danchi and they
almost appear in the same way. The middle of Danchi
is higher than the rest and the southeast corner is the
lowest. The drainage of Danchi is elaborate and set up at
the border all around the patio. There is small hole under
the steps so that water can flow through them. However,
the set of steps in front of Mahavira Hall is the exceptional
case that without drainage hole, which manifests that
it is more important than other set of steps. Therefore,
rain water will flow clockwise and goes through those
drainage holes. Finally, it accumulates at the southeast
corner, falls into underdrain and finally converges with
Jiegong Pool. It shows that drainage design is quite
important in traditional society of China while steps can
participate in determining the path for flow.

—Stress the importance of stairs

Concrete design of stair could affect the flow path of
water, while through some decoration and construction
details, water could stress the importance of stairs, for
example, working as an emphasis on the juncture. In the
stair up to Copper Temple, there is a drain passage made
by marble in the juncture of corridor and outside stair. In
rainy day, the sound of running water could be noticed
before stepping to the stair from the sheltered corridor.
It reminds the visitors that it is a turning point of space,
after which stair will lead visitors to upper temple.

« Stairs and time

All the senses, including vision, are extension of the
tactile sense; the senses are specializations of skin tissue,
and all sensory experience are models of touching and
thus related to tactility.

-The marking of time

“Se debe tener en cuenta que las escaleras no son un
elemento que se disefie para cada individuo, sino que
son genéricas. Es el hombre el que se adapta al disefio de
las escaleras al utilizarlas, y a sus medidas genéricas que
definen las dimensiones de huellas y tabicas!” --Juhani
Pallasmaa (PALLASMAA, 2012)

The relationship between individuals and stairs doesn’t
only depend on one of them. In fact, experience of real
moment that how our bodies get in touch with stairs
seems more important. As body is the best media to
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measure the scale of stair. Time can change the state
presented by stair, which made it more suitable for
walking. Here time is reflected in the running process
between visitors and stair. For example, the stair inside
Beamless Hall is a result of time. Each step in the stairs to
Beamless Hall has two pits between the tread and riser
which is obvious in the light. This is the imprinting of
time. It persists the walking status of visitors and shows it
by the variance of the surface.

—Monologue of material

“We wanted to let this historic terrain speak for itself." --Peter
Zumthor (Durisch 2014).

The old building itself couldn’t speak, while through
material, it reflects the story of time. In Long Chang
Temple, most of the stairs are made by rough stone,
which properly record the story that happen during
hundreds of years. While in some of the long stairs,
new stone is getting on well with old one. Together
with some unexpected plants, they are showing time in
a concrete and detailed way. Besides, the relationship
between stairs and time is also embodied with pre-
judgement of time. Many of the stones that make up
the stairs are surface treated. It is presumable that the
designer took into consideration that stairs will be
more and more frictionless after years. People make
it frictionless and it will do harm to people. Different
kinds of stripes imply the significance of different stairs.
In Long Chang Temple, time is demonstrated in these
concrete images, pattern, handrail, decoration and so
on. While the most important thing is that visitors could
sense the trace of time through the change of material
and finally themselves also become part of the story of
time.

Research methodology

Theresearchismainlyformed by three parts:investigation,
analysis and reflections.

—Method of investigation

The author regards herself as a research instrument to
perceive how stair performs as an anthropological and
symbolic element in the space. Objectively, the body of
author here becomes a criterion to evaluate stair as well
as an instrument to experience the stair. The 62 existing
stairs and steps are main subject for investigation.
Historical records, old photos, architecture mapping in
past time are supplement materials for investigation.
The significance is to replenish objectivity through
understanding the knowledge of history. Through
analysis of experience perception, like sense of seeing,
hearing, smelling and touching, it is deeply investigated
the relationship with other elements: route, light, water
and time.
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— Method of analysis

Four aspects (route, light, water and time) are followed to
analyze 62 steps and stairs. What’s more, prototypes and
axonometric diagrams are drawn out in order to analyze
different stairs in a more objective way.

— Method of reflections

With the support of anthropological and phenomenal
theory, general conclusion and several principles will be
abstracted in order to provide constructive inspiration for
contemporary architecture.

Clear results

Through investigating in Long Chang Temple, a series
of photos, drafts and data demonstrate how stairs can
actively participate in creating better atmosphere of
space. 62 stairs are separated into 6 groups according
to their responding function. The functional layout
and visiting route layout indicate that stair space,
as an anthropological and symbolic element, plays
indispensable role in the layout of Long Chang Temple,
as specified in the following four areas:

Role transition: stair could actively participate in space
design, especially the visiting route. For example, the
set of steps in the Main Gate, by changing the size and
paving material of steps, directly leads to the changes of
visitors’ walking speed, rhythm and posture.

Atmosphere catalyst: the relationship between the stair
and its impact on the space can be summarized as three
situations: gradual change, abrupt change and contrast.
Stair plays the role of transition among spaces while light
could bring more significance for stair space.

Cultural hint: to some extent, in Long Chang Temple the
symbolic meaning of stair is more important than its
real function. Therefore, stair stands for more cultural
connotation by influencing the motion of the individual’s
body.

Time scale: time is the element invisible that only
individuals can feel that it is flowing. The relationship
between stair and time is essentially the relationship
between stair and individuals. Visitors could sense the
trace of time through the change of material and finally
their pace on the stairs also become part of the story of
time.

The stair, as a public space, is actually a crucial design
element for contemporary architecture. Research on the
stairs in Long Chang Temple, gives us a new revelation
about how stair could be used as an anthropological
and symbolic element. Therefore, in contemporary

architectural design, it is needed to reinterpret and
redefine the layout of the stairs with other elements of
the place. Through the perception of the body, stair can
perform as a platform for dialogue between different
spaces.
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Local perceptions of cultural heritage and tourism
development - case study Ba¢, Serbia

Lana Gunji¢

Abstract: This paper presents a part of the wider research of a case study on Ba¢ - a small town in the north-west of Serbia, inscribed
on the UNESCO'’s Tentative List - whose aim was to explore if cultural heritage in Bac can be the driving force for the development
of cultural tourism and in that way be an engine of local community development. Moreover, it explores if the value and potential
of cultural heritage in Ba¢ were recognized by the local community, since the residents are significant actors and can influence the
success or failure of the local tourism industry. The results implied the absence of local initiative and their involvement in the tourism
development. Although the local community is aware of significance and attractiveness of cultural heritage, it does not recognize
cultural heritage in a more beneficial way, as an economic resource.

Key words: cultural heritage, cultural tourism, local community, tourism development, Ba¢, Serbia.

Percepciones locales a cerca del patrimonio cultural y el desarrollo del turismo: Ba¢, Serbia,
como caso de estudio

Resumen: Este trabajo representa parte de una investigacion mas amplia sobre el caso de estudio de Ba¢ — un pequefio pueblo al
noroeste de Serbia que se encuentra inscrito en la Lista tentativa de la UNESCO - cuyo objetivo es explorar si el patrimonio cultural
de la localidad puede ser considerado una fuerza impulsora para el desarrollo del turismo cultural y de esa manera funcionar como
un motor para el desarrollo de la comunidad local. Por otra parte, explora si el valor y potencial del patrimonio cultural en Ba¢ ha sido
reconocido por la comunidad local, dado que los residentes son actores significantes que pueden influir tanto en el éxito como en el
fracaso de la industria de turismo local. Los resultados muestran la ausencia tanto de iniciativa local de implicacion en el desarrollo
del turismo. Aunque la comunidad local tenga consciencia del significado y el atractivo del patrimonio cultural, no lo percibe de una
manera beneficiosa, como un recurso econémico.

Palabras clave: patrimonio cultural, turismo cultural, comunidad local, desarrollo turistico, Ba¢, Serbia.

Introduction

Tourism has assumed a vital role in the development of
destinations around the world and, in many cases, culture
is a major asset for tourism development (OECD, 2009).
Cultural tourism is particularly attractive because of the
spectrum of benefits it can deliver to local communities
developing them at a considerable speed and diversifying
continuously in a multifaceted way. Thus, Donovan
Rypkema emphasizes in his studies the connection
between heritage conservation and the local economy,
giving examples of how good practices of cultural
and heritage tourism influence the local community
(Rypkema, 2008). Guided by many studies (Lehtimaki,

2008; Rypkema, 2008; OECD, 2009; UNESCO, n.d., World
Heritage Sustainable Tourism Program; Giinli, et al, 2009)
which have shown that cultural tourism can insure the
benefits to the heritage sites and to the community, the
research of case study Ba¢ has been conducted with the
aim to explore if cultural heritage in Ba¢ can be an agent
of cultural tourism development and thus instigating the
development of local community as well. As a part of this
wider research, the important section was to examine local
perceptions and attitudes, considering that sustainability
and community involvement concepts are the first and
foremost agents in the development process within
development paradigms, and giving local people central
position in the development (Singh, et al., 2003).
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The town of Bac is the centre of the municipality with the
same name, in the south-west of Backa - a sub-region in
the Autonomous Province of Vojvodina, the northern part
of Serbia. The preserved architectural heritage, built in the
vast period from the 12" to the 19* century, represents
a definite testimony to the cultural diversity, including
the Bac Fortress (XIV century), a unique example of a
“water town” with a fortified castle, reflecting Gothic and
Renaissance influences, with suburb which presents a
system of houses from the late 19* and early 20™ century.
The whole area has environmental values because of
urban-regulatory characteristics of the settlements from
the Austro-Hungarian Empire, which have been preserved.
A plane where the fortress is located is a significant
archaeological site with multi-layered historical remains
from Neolithic period, Bronze and the older Iron Age, to
Celtic traces and traces of life in the Classical period during
Il and IV centuries. Among the main heritage sites are
also the Franciscan monastery (XIl century), as a sacral
architectural complex under the influence of Byzantine
and subsequent Islamic art, with the final touch of Baroque
and Classicism; the remnants of hammam from the period
of Ottoman domination, as well as the Serbian Orthodox
Monastery of Bodani (XVIIl century) whose paintings,
dating from 1737, displaying both Byzantine and Baroque
artistic tendencies, represent a crucial point in Serbian art
and some of the most valuable frescoes in the first half of
the 18th century in South-East Europe. This combination
of multi-layered cultural heritage classified as heritage
of outstanding value, whose segments of diverse types
are presented as parts of a body of a cultural landscape,
was the reason why the Historical place of Ba¢ and its
surroundings were put on the UNESCO’s Tentative Lists
in 2010 and what makes it unique and very attractive for
cultural tourism (UNESCO, n.d) [figure 1].

Last decade, the significance of mentioned cultural
monumentswasrecognized and the notableincentivesand
investments were undertaken under the jurisdiction of the
Development project of integrative protection “Centuries
of Bac” It was derived from explorative excavations on
the Bac Fortress site which later expanded into direction
of conservation of the other cultural goods in Ba¢ - the
Franciscan monastery, the Lower Town, the Entrance gate
and the Calvary, and afterword the Monastery of Bodjani.
Hence, cultural heritage on the territory of Ba¢ has become
a part of national strategies and international projects,
such as HEROMAT' and Realization of the rehabilitation
of the Franciscan monastery project, supported by the
Council of Europe and the European Commission through
the “Ljubljana Process”. Moreover, tourism has been seen
as a potential niche and an agent of development in the
future. Nevertheless, the needs and interests of local
communities are the most important factors of local
development and without taking them into account, it is
not possible to plan a successful development of tourism.
Likewise, it was significant to examine if such value and
potential of cultural heritage in Ba¢ was recognized by
the local community, focusing on the following research
questions: What are the attitudes of locals towards the
tourism industry? Is the attractiveness of the Bac Fortress
and the Franciscan monastery a sufficient motive for the
local community be involved in providing complementary
services to tourists?

Local communities are increasingly being drawn into
tourism not only from the demand side, but also from the
supply side, as communities are becoming aware of the
potential of the products they can offer to tourists and the
economic gains that can be made (Telfer & Sharpley, 2008).
Irrespective of how tourism is introduced and developed

Figure 1.- Bac fortress, photo by Lana Gunijic.
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in a community, residents are important players who
can influence the success or failure of the local tourism
industry. Residents may contribute to the well-being of the
community through their participation in the planning,
development, and operation of tourist attractions, and
by extending their hospitality to tourists in exchange for
the benefits obtained from tourism. In developing and
attracting tourism to a community, the goal is to achieve
outcomes that obtain the best balance of benefits and
costs for both residents and tourism actors, which is
argued in the theory of social exchange that evaluates
the expected benefits or costs obtained in return for
the services supplied. Hence, it is assumed that the host
residents seek tourism development for their community
in order to satisfy their economic, social, and psychological
needs and to improve the community’s well-being. As
long as residents discern these benefits of tourism, there
is enough reason for them to perceive it approvingly (Ap,
1992).

Methodology

So as to conduct this research, semi-structured interviews
were held, face to face, as it was important to get the exact
answers and due to focus of this research on obtaining
insight and understanding. This method was chosen
because of its ability to vary the sequence of questions
and to ask further questions in response to what is seen
as significant responses (Bryman, 2012). Interviews were
conducted from 4% to 9t June 2015 in Ba¢ with a duration
ranging from 14.5 to 60 minutes, answers were tape
recorded, using dictaphone and were later transcribed.
There were no refusals and all respondents were willing to
participate in the survey.

The sample of survey was chosen using purposive and
non-probability sampling method which resulted in 14
local community representatives being divided in two
groups. The division in groups was based on the following
criteria — the experience in tourism activity so far in terms
of providing complementary services/products to tourists.
Hence, the first group of interviewees (group A) consisted
of local community representatives who are already
involved in tourism activity and this group includes:
restaurant owner, owner of accommodation facilities (who
was involved in serving the hunters), woman who creates
and sells souvenirs (craftswoman), president of non-
governmental organization which is dealing with tourism
development, and a couple who owns an ethno house and
rents rooms.

In the second group (group B) were interviewees who
do not have previous experience in tourism activity, but
have some potential to be involved as some of them
are involved in certain associations: two women who
are in non-governmental women’s organization which
deals with old crafts and preservation of tradition, one
of which owns old national costumes; the president
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of Folk dance ensemble; women from the City choir
association; individuals such as a woman who makes and
sells handmade jewellery; a painter; a couple who have
renovated the floor of their house and have the possibility
to rent it. Thus, the heterogeneous survey sample was
used with the aim to have an insight from various aspects
and obtain a broader picture. The respondents answered
two sets of questions — the first one, same for both groups,
questioned their familiarity with the cultural heritage and
the attractiveness they associate to it. The second set,
related to tourism, evaluated their opinion, experience
and motives for participation in tourism activity.

Findings

The results of the interviews suggest that there is
the absence of local community initiative for tourism
development, as well as a lack of willingness to be more
actively engaged in tourism activity. The reason for that
can be found in their attitude and opinions towards
tourism. Although there are opposite beliefs, generally,
people are not against the idea of tourism development,
but apparently they are dissatisfied with the organization
level and the current results of tourism development.
Following statements illustrate this point:

The woman who sells jewellery: “Tourism is at a starting
phase, but | stay positive”

The president of the Folk dance ensemble: “What has been
happening and is being done now, | do not think is the right
thing”..."A lot is moving in the positive direction, but that is
still insufficient, and a lot of things are done just to be done,
there must be a thorough approach, more serious and better
work to be done”

The couple with the renovated room: “That would not be
bad, just if we had some support, a little bit more open door,
both from municipality and tourist office...”

“It is possible, but, unfortunately we do not have something
else to offer, except the sightseeing, so we have only the
summer season. That would be just the additional source of
income, it cannot be relied on”

Restaurant owner: “That must be improved totally, people
are not informed..."

Craftswoman: “It is present to some extent, tourism exists,
but somehow, that is not it...neither is it advertised enough.
There are a lot of flaws.. . tourists, when they come, they see
nothing...nothing is full of life here!

Furthermore, when they were asked about tourism
development, each person related their attitude/
perception with some of the hindrances. Even when
they are in favour of tourism development, there is
always a “but”. Mentioned problems concerned the lack
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of accommodation and hospitality amenities, limited
access to the Tower, insufficient promotion, organization
at planning level (regarding the Tourist Office and
municipality), lack of human resources (tourist guide) and
experts in tourism field.

The president of Folk dance ensemble: “Tourists would
come, see, leave, and spend nothing...he will go to sleep
somewhere else!

President of NGO which deals with tourism development:
“Lack of interest, and attention to set up a higher level of
organization...there is no initiative from the top.”

The owners of ethno house: “There are very few tourists.
Tourists in Bac are coming on their own, not so much through
the Tourist Office, but they see on the map, think it would be
interesting, visit and leave. That is what | am talking about,
more promotion is needed....and Bac is not ready for the
guests because we in Bac, we have maybe fifty beds.

The woman from City choir: “In order to attract more
visitors, our municipality needs more capacity, such as
accommodation facilities, which are very poor, and a better,
more complex and different program is needed, not just
to guide tourists to the Fortress...it should organize more
events...”

In addition, in the answers of the respondents it is
noticeable that any incentives in terms of support for their
potential involvement are welcomed. Even representatives
of group A state that: “there is no initiative from the top” or “
if Municipality, Province or State had given the incentives for
old buildings, as it did in the case of couples from Vojvodina,
well if only interested in tourism would get some subsidies like
that”, or that political situation is such that every time is a
new beginning, hence, they are always in the same position
without any progress. It seems that local community does
not have motivation or sufficient reason to think about
provision of complementary services to tourists or to be
a part of tourist offer, because of the stage of tourism
development in general. It is obvious that the local
community have expectations from the authorities to deal
with that issue, regarding content and offer improvements
as well as infrastructure improvements. In addition, people
who are already involved in tourism activity did not start
because of tourists, but had other reasons, and they
accidentally entered tourism activity. Hence, the hobby
was transformed to the creation of souvenirs and later
selling, the ethno house became one of the main tourist
offers, started initially as an idea to maintain tradition;
renovation of the rooms was not intended for providing
accommodation to tourists, but rather a necessity at that
moment. Only two interviewees from group A entered
deliberately into tourism. On the other side, respondents
think that cultural heritage is significant and also attractive
tovisitors, but seems like it is not a sufficient motive for their
involvement in the provision of complementary services as
they see more obstacles and problems than benefit from

it. In addition, people compared and said that before it had
been much better, there had been more tourists, and now
the activity has stalled. Consequently, the local community
does not see any progress in tourism development, and if
we add the strong influence of external factors such as the
economic crisis and the turbulent political situation, which
are often stated in the interviews, it can be concluded that
people are demotivated, so that until they see any tangible
results, it will be hard for any initiative to be undertaken.
Moreover, local community is not educated in terms of
the benefits of tourism, which is one more factor that
influences their perception, besides financial reasons.
This conclusion derives from the interviews in which it
can be noticed that some individuals from the group B
are not well informed about possibilities to categorize the
accommodation facilities, sell handcrafts as souvenirs via
Tourist Office, or for instance, to offer national costume in
private possession for exhibitions, tourist presentation or
similar use.

Discussion

Many scholars were exploring interrelationships between
local perceptions of impacts and the level of tourism
development, interpreting the results in the context of a
number of theoretical models (Butler, 1980; Perdue et al,
1990; Ap, 1992; Hernandez et al, 1996; Madrigal, 1993; Teye
et al, 2002; Hunta and Stronza, 2014). Most researchers
suggest that residents’ attitudes towards tourism are
initially positive and in later stages of development more
negative, such as for example Butler's most influential
stage-based tourism TALC (Tourism Area Life Cycle) model
implying that attitudes are positive in earlier stages, when
cycle starts with the “exploration” stage, where there are
very few tourists (Butler, 1980). Furthermore, some authors
argued a segmentation approach like Madrigal (1993)
who stated that one of the most persistent segmentation
variables in research on this subject was employment in
the tourism industry (i.e., that those who worked in the
industry would have more positive attitudes towards
tourism). This was also a sort of criteria for hereby sampling
method, however, there is no significant differentiation
among respondents’answers between the groups A and B,
due to the fact that not only does neither person involved
in tourism perceive it positive as a whole, but they are also
pessimistic to some extent and dissatisfied. In addition, the
other models imply positive perceptions of local residents:
embracement (eager welcoming of tourism), (Ap and
Crompton, 1993), euphoria (Doxey, 1975 cited in Hunta
and Stronza 2014), adoption (Dogan, 1989).

Nevertheless, in terms of this case study, it is obvious that
interviewees were not adopting, exploring, embracing or
euphoric about tourism and thus not exhibiting attitudes
characteristic of the early stages of the models. This is in
accordance with the Hunta and Stronza’s view that “the
initial phases of the stage-based tourism models appears
to only have relevance where residents already have
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at least some understanding and exposure to tourism
prior to its development or consolidation” (Hunta &
Stronza, 2014, p. 292). Ba¢ can be considered to be in its
pre-development stage of tourism development, when
residents have little or no exposure to tourism, for which
Miossec (1977) proposed the notion of a “pre-tourism”
phase. Moreover, the attitudes towards tourism can be
supported by social exchange theory (Ap, 1992) - when
the community residents perceive higher benefits than
costs, they will have a positive attitude towards the
development, which is not certain at present time in Bag,
due to the rate of development, a low number of tourists
and lack of significant results.

On one hand, there is a positive attitude about tourist
potentials and attractions in Ba¢, and locals see it as very
appealing. On the other hand, they are not motivated
to be involved in providing complementary services
due to: (1) discontent with the level of organization, (2)
lack of visible outcomes of tourism development, (3)
expectation from others (local authorities) to address it
and resolve the difficulties, (4) perceptions that expenses
prevail the benefits, (5) lack of knowledge and education
with regard to possible gain of tourism and how they can
be involved in such activities. Accordingly, despite the
potentials around them, people do not find either enough
motivation or support to be engaged in tourism activity.
For the local community to accept and understand
tourism, various workshops on different topics should
be organized: on identifying potential tourism activities
to be developed and promoted; on developing links
with surrounding tourism attractions to determine how
the village can be positioned and packaged as part of
an attractive tourism destination; on several topics such
as conservation, guiding, categorization, homestay and
product development. In addition, a study trip “community
to community”is effective way of exposing the community
to real life situations and examples of good practices, as
well as village tours for locals in order to get familiar
with all potentials, informed about projects, heritage
rehabilitation and plans, allowing them to propose their
ideas and suggestions.

In parallel with the conservation works, tourist offer and
content should be improved and enriched, involving local
community. It is important to identify local labour force
and their knowledge as unique resources, using their
knowledge, skills, and products in tourist presentation, that
would provide, without lots of investments, a real gain to
the locals through more employment opportunities and
promotion of local products and services, at the same time
raising awareness of the benefits they could gain from
the direct contact with visitors. Moreover, the locals could
be trained to become guides and cultural performers.
Likewise, the tourist products should be developed in terms
of presentation of old crafts, traditional dances, songs,
gastronomy, staging dramas in the Fortress or developing
thematic tourist routes, for instance culinary tour, cycling
tour, the Traces of Sokci2 In pursuance of developing
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cultural tourism, local community should recognize and
understand cultural heritage as an opportunity and benefit,
as an economic, not just as a cultural-historical resource.

Note

[1] Project HEROMAT is directed towards the development of
innovative environmental friendly materials with value added
functions aimed to the protection ofimmovable Cultural Heritage
assets. This project concerns revitalization and protection of Bac¢
Fortress. http://www.heromat.com/ (accessed on Sep 4, 2015).

[2] Ethnic group inhabited in Ba¢ and Serbia, mainly identified
as Croats
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Namibia’s vernacular architecture: insights towards the
sustainable development of local communities

Rui Maio, Elao Martin, Jon Sojkowski, Tiago M. Ferreira

Abstract: Vernacular architecture is commonly recognized as the fundamental expression of the world’s cultural diversity. Natural
disasters, the lack of knowledge and awareness of local communities, the desire for modernization and the well-known globalization
phenomenon are some of the most frequent evoked issues responsible for endangering the survival of vernacular heritage in Africa.
Hence, this paper aims to address some of these issues by providing a detailed architectural and morphological characterization of
the “Owambo” tribe, the largest cultural area of Namibia. With this case study, the authors aim to highlight the outstanding universal
value of vernacular architectural heritage in Namibia and to raise awareness to the increasing need, not only the protection of these
structures’ integrity but also for the preservation of such ancient and sustainable building techniques as a living heritage.

Key words: African vernacular architecture, Namibia homesteads, Owambo tribe, multi-hazard risk mitigation, architectural and
morphological characterization, sustainable development.

La arquitectura vernacula de Namibia: perspectivas para el desarrollo sostenible de las
comunidades locales

Resumen: La arquitectura vernacula se reconoce cominmente como la expresién fundamental de la diversidad cultural del mundo.
Los desastres naturales, |a falta de conocimiento y la sensibilizacién de las comunidades locales en general, el deseo de modernizacién
y la globalizacién son algunos de los problemas mas frecuentes responsables por amenazar la supervivencia del patrimonio vernaculo
en Africa. Por lo tanto, este trabajo tiene como objetivo hacer frente a algunos de estos problemas relativos al patrimonio cultural
verndaculo africano, proporcionando un detalle arquitecténico y la caracterizacion morfolégica de la tribu “Owambo’, en el norte de
Namibia. Con este caso de estudio, los autores tienen como objetivo destacar el valor universal excepcional del patrimonio cultural
vernaculo en Namibia, y sensibilizar a la necesidad inmediata de proteger no sélo la integridad de estas estructuras, sino también de
preservar estas técnicas antiguas y sostenibles de construccién como tradiciones vivas.

Palabras clave: Arquitectura vernacula africana, granjas de Namibia, tribu de Owambo, mitigacion de multi-riesgos, caracterizacion
arquitecténica y morfoldgica, desarrollo sostenible.

Introduction

Vernacular architectural heritage plays a crucial role
in safeguarding and expanding the cultural features
of communities and their relationships with the land,
contributing decisively to the expression of the world’s
cultural diversity. It is worth noting that vernacular heritage
encompasses, not only the built environment but also
intangible aspects, such as construction techniques,
lifestyles, and territorial connections, which are intrinsically
connected to communities (ICOMOS 1999). Furthermore,
it is believed that approximately one-third of the world’s
population lives in vernacular structures, stressing the

importance of vernacular architecture not only for its
cultural outstanding universal value but also as a feasible
housing strategy for the sustainable development of local
communities worldwide, moving towards the concept of
livable heritage. The preservation of vernacular architecture
in a holistic approach is believed to revive people’s faith in
their own culture. Nevertheless, due to several globalization-
related matters, vernacular heritage is becoming more and
more vulnerable, facing serious problems of obsolescence,
internal equilibrium, and integration. Therefore, the
management and protection of vernacular architectural
heritage depend highly on the capacity of identifying and
interrelating all the variables at play.
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Besides the richness and diversity of Southern African
countries’ natural heritage, this region of the globe also
has a very rich and heterogeneous cultural heritage that
lacks coverage from scholars and decision-makers, being,
therefore, under-represented both in literature and
on the internet. From the projects and initiatives lately
conducted in this regard, it is worth referring the African
Vernacular Architecture project, which aims to collect and
store photographs of vernacular architecture in Africa in
an open-source database that can be accessed by invited
explorers who want to share their own photographs.

Furthermore, the occurrence of disasters in Africa is
increasing in frequency and severity, compounding the
challenges to sustainable development and undermining
Africa's prospect of achieving the Millennium
Development Goals. Climatic and hydrological hazards,
in particular drought, floods, cyclones and landslides,
dominate the disaster profile of the Africa region,
affecting, on average, around 12.5 million people per year
(African Union Commission and UNISDR 2015). Moreover,
the extreme social vulnerability of some African nations
has the potential itself to transform minor hazard events
into major human disasters. In developing countries,
disasters are known to disproportionately affect poor
people the most and have the potential to trigger food
supply crisis, human losses, constrain progress, and the
destruction of infrastructure and natural environment.
For this reason, the establishment of disaster risk
management policies, focusing on disaster risk reduction
within the broader context of sustainable development,
are of vital importance. However, reducing disaster risk
across Africa requires a radical shift in the current view
of governments and an even more radical shift from
rhetoric, centralized and top-down instructions to
decentralization and respect for local knowledge and
initiatives (Lépez-Carresi et al 2014).

Bearing in mind the above, this paper aims at providing
a clear insight on the main issues that are contributing
to an accelerated degradation and potential extinction
of vernacular architecture in rural areas of Namibia. This
paper also aims to highlight the outstanding universal
value of a particular vernacular typology, commonly
observed within the “Owambo” tribe, in northern
Namibia, and to raise awareness to the urgent need, not
only that of protecting these structures’integrity, but also
of preserving such ancient and sustainable construction
techniques as a living heritage (Maio et al., in press (a).

Owambo tribe case study, in northen Namibia

The area traditionally known as Owamboland is placed
in the far north of Namibia between the Etosha National
Park and the Angolan border (as illustrated in Figure 1).
This region is by far the most densely populated rural area
of Namibia. Many of the villages and farmlands situated
on the raised ground between water-courses are typically
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Figure 1.- Location of the Owamboland region and exact site of
the documented homestead.

flooded after heavy rains, despite the average rainfall in
this area varies between 400 and 550 mm (see Figure 2a).
Actually, flooding is the most frequent and hazardous
natural phenomenon in this region, which severely
affects the livelihoods of these communities by triggering
massive population displacement, loss of human life and
livestock, and the destruction of vernacular homesteads,
crops, and social infrastructure.

As a result of rapid population growth, scarcity of
arable land near permanent water-supply points, socio-
economic lifestyle changes and township development,
many of the Owambo people no longer live in traditional
homesteads. During the past two decades, large villages
have sprung up in the proximity of the main routes. People
stay in rectangular houses built with poles, corrugated
iron, and other materials. Moreover, the felling of trees for
the construction of huts, cattle enclosures and fences has
resulted in extensive deforestation. Other socio-economic
factors that are affecting deforestation in north Namibia
have been identified: population growth, settlement
patterns, land use practices, the structure of production,
consumption patterns of wood, and valuations related to
forests. In Owamboland'’s wilderness, settlers not only cut
down large amounts of poles to construct huts, palisades,
kraals, and fences but also destroy most of the tree and
bush vegetation on their prospective farm plots. The fire
was the settlers’ most powerful tool when clearing land
for farms and fields (Kreike 2010), and in Namibia, forest
and veldt fires are responsible for burning 3.5 to 7 million
hectares of forest and veldt land every year. lIn fact, in the
span of just two years between 2001 and 2002, almost 10
million hectares of land have burned in Namibia (Republic
of Namibia 2011). Albeit these figures fluctuate annually,
they show the seriousness of this hazard in Namibia (see
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Figure 2.- a) Spatial distribution of the average annual rainfall, adapted from V2030 report (insert footnote number). b) Spatial
distribution of the forest and veldt fire outbreak, adapted from the NDRMP 2011 (insert footnote number) (source: Directorate for
Forestry). c) Spatial distribution of both human and livestock disease outbreak, adapted from the NDRMP 2011 (insert footnote number)
(sources: Ministry of Health and Social Services and Directorate for Veterinary Services, respectively).

Figure 2b). With regards to disease outbreaks, as shown
in Figure 2c, Namibia has experienced several outbreaks
in the past that have demanded state intervention. In this
respect, It is particularly worth noting the August 1970
cholera epidemic that had stricken more than 150,000
people, killing about 20,000 of them (Goodgame and
Greenough 1975). Livestock disease outbreaks, such as
Foot and Mouth Disease, as well as outbreaks of Anthrax,
Rabies and lung diseases, also constitute a global threat
in Namibia (Republic of Namibia 2011).

Considering each hazard individually has proven to be
a good approach for looking at specific health issues
that might be linked to each of them. However, it is
also important to identify potential hotspots where the
population might be exposed to multiple hazards at the
same time. In the literature review carried out by Kappes
etal. (2012), not only the main challenges associated with
each step of a multi-hazard risk analysis were identified,
but also the latest studies and approaches addressing
these issues were presented and discussed. In order to
get the spatial distribution of the intensity level of multi-
hazard, El Morjani et al. (2007) assigned weights in a first
stage to each of the addressed hazards, on the basis of
the human and economic impact of each event reported
in different databases. Consequently, for each hazard,
the regional averages of these indicators have been
computed, standardized, weighted and aggregated.

Despite the great value of this work, multi-hazard
analyses should account not only for the features of single
hazardous events but also their mutual interrelations,
as for example, landslides caused by extreme rainfall or
tsunamis triggered by offshore earthquakes. However,
the way that multiple hazards with distinct reference
units (nature, intensity, return period, etc.) and complex
interrelations can be compared, remains a fundamental
challenge.

As depicted in Figure 3, the multi-hazard risk
approach presented in this study is based on a multi-
hazard risk index, which results from the product of
hazard and vulnerability (Maio et al., in press (b). As
explained bellow, the exposure model is implicit in the
formulation. The scale, magnitude, and probability of
single hazards are defined within the hazard module.
Moreover, in order to take into account climate
changes, a range of possible climate scenarios are
also considered. Concerning the exposure module, it
results from the multiplication of a set of indicators
related to the elements at potential risk. The analysis of
such elements is used to create reference baselines of
qualitative and quantitative features of residents and
infrastructure, which are used to identify and define
elements that are potentially more exposed. FFinally,
the individual vulnerability of the elements exposed to
different hazards is also assessed, taking into account
their mutual dependencies (cascading effects).

The integration of the results into a Geographic
Information System (GIS) tool represents the last but
key step of this multi-hazard risk approach. Such tool
allows the user to perform the spatial analysis of the
study area (considering different scenarios) and to
manage data regarding the features of the elements
exposed. Based on this GIS-based analysis system, it is
then possible to outline optimized pre-disaster planning,
including risk communication campaigns, and post-
disaster intervention, such as emergency planning and
reconstruction (Maio et al., in press (b).

After Namibia’s independence on 21 March 1990, the
Owamboland was divided into the regions of Omusati,
Oshana, Ohangwena and Oshikoto. Amongst the
traditional Owambo tribe, family groups live in round,
stockade homesteads (ongandjo) built on the raised
ground between the oshanas, surrounded by a few
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Figure 3.- Example of a diagram for the integrated multi-hazard
mitigation approach.

hectares of cultivated land (Maio et al, in press (a).
With the resulting scattered settlement pattern, the
homesteads are able to constitute villages administered
by selected headmen who report to local and traditional
authorities. The homestead is enclosed by a wooden
palisade or millet-stalk fence and is composed of several
quarters of huts articulated with walkways and corridors
for controlling the movement patterns in the household.
In the past, this wooden palisade (made of tree trunks)
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distinguished the Owambo architecture from that of
its neighbors (Malan 1995) and protected its occupants
from wars and cattle raids. However, the lack of wood
in this region due to extreme deforestation and several
forest and veld fires, led local communities to search for
innovative construction techniques and materials, which
justifies the appearance of small adobe huts within
this area, distinguishing again this tribe’s vernacular
architecture and building technique from the others, see
Figure 4.

As can be seen in Figure 5a, the vertical structure of
these huts is mainly composed by load bearing masonry
walls, made of adobe blocks with a very poor mortar.
These walls are erected resorting to manual adobe
manufacture and an ancestral earthen constructive
technique (still in use in several African countries)
that consists on shaping or sculpting units of plastic
earth manually, which are then sun-dried before used
for the construction of the walls (Maio et al, in press
(@). It is thought that this technique has been the
primitive cuboid form of the adobe blocks existing
today (Fernandes 2006). Figure 5b instead, captures
the detail of the connection between the thatch roof
and the vertical structure. Finally, Figure 5c reflects the
dismal trend of abandoning and substituting vernacular
architecture and ancient construction techniques for
new building technologies and materials. For the set
of reasons given in the following section, the authors
believe that such trend might not help fostering the
sustainable development of local communities.

Thatth oot
itk Whaadent ghicks
Hﬁlﬁﬂ, Clainfmed Backy @ THE RAYANGD RECTIN
—-Liote 1odf
Thalch s
F'I . Plabed reeds
KPOMOLAND i J o S ,""‘_""d“;’:“""
- - Iioaden s w ~ ==
ot L .:lrr'.r. d;,n;;._ @ @
i ’ g v Sand™~ ]\
== '.;;.11!C Mkﬂf
®
ATLANTTC NAMIEIA ® THE Kaaumg Acmal dics
QUEAN

WINHEK

Tempatani, Thatch
\ and sheh, by,
e - = Dame strachure

Figure 4.- Sketch of some of the most common typologies of huts and their location in northern Namibia.
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Figure 5.- a) One example of an adobe hut within the case study homestead. b) Detail of the connection between adobe masonry walls
and the thatch roofs. c) An example of a vernacular structure in an advanced state of degradation due to the increasing abandonment
of vernacular constructive techniques to the detriment of imported building technologies and materials.

Sustainable development of local communities

According to Whitfield (2010), sustainability can be
generally defined as economically viable development,
socio-culturally acceptable and environmentally
friendly. Therefore, the following recommendations are
thought for the sustainable preservation vernacular
architecture of therural settlementsin the Owamboland
region:

—rational use of local materials and resources,
instead of importing new technologies and
materials at a higher cost with large carbon
footprint.

—sustainable site planning and management
to preserve vernacular cultural heritage from
hazards, avoiding population displacement and
local communities’ growing backlog, just to cite
a few.

—rational water management by introducing
rainwater harvesting and water recycling
policies.

—safe and healthy environment by improving
the indoor air quality (optimizing the use of
natural light and the solar exposure), acoustics,
thermal comfort, health conditions, and energy
efficiency.

—reduction of waste through recycling.

Moreover, another fundamental aspect concerning
sustainable development policies is that they should
be unavoidably centered on social equity, meaning that
the transfer of knowledge and the need for involving
the community on the preservation of the Namibian
cultures should be established as the pillars of such
policies. In this sense, not only local communities need
to be sensitized about the cultural value of vernacular

architecture, but also the urban myth of that living
conditions provided by this type of constructions are
not decent, has yet to be clarified. The authors instead,
are strongly convinced that the sustainability of
vernacular housingisirrefutable. It is however necessary
to control the quality of materials and the subsequent
construction phase to make sure that satisfactory
performances are attained. Moreover, the particularities
of the construction process itself and its details need to
be taught by experts to younger generations in order
to ensure the quality of these structures and the safety
of their residents. Additionally, capacity building drivers
need to be put in place to encourage the community
involvement on the preservation of vernacular heritage.
Finally, the authors also believe that it is fundamental
to establish strategies to reduce the vulnerability of
homesteads facing the most recurrent hazards (Maio et
al, in press (a).

Conclusions

This paper intended to raise awareness to the preservation
of vernacular architecture in Africa, particularly in northern
Namibia, in order to safeguard these ancient structures to
future generations. Acknowledging that the intrinsic features
and environmental circumstances of vernacular architecture
in Namibia vary considerably from site to site, this paper focus
on the Owambo tribe’s homesteads. Moreover, recognizing
the Namibian Government’s efforts in tackling disaster
risk reduction, the authors aim to raise awareness for the
importance of implementing multi-hazard risk mitigation
policies, which benefits are widely recognized, particularly
in the decision making process. Hence, it is fundamental
that all actors and ministries can use a compatible language
when assessing individual hazards. Additionally, the authors
believe that using open-source GIS tools in the mapping and
interpretation of outputs for decision making purposesisalso
fundamental to move towards more efficient and proactive
strategies. Local communities need to be proactively
sensitized about risks so that they can be prepared when
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disasters strike. Moreover, capacity building programmes
need to be put in place to facilitate the involvement and
the participation of community. Finally, having all these
sprocket wheels work together will definitely increase the
preparedness of local communities and contribute to a more
efficient approach for disaster risk mitigation of Namibian
vernacular architectural heritage.

Future developments should focus the debate on how
vernacular architecture can be adapted to current human
needs and standards, including a desire for modernization,
in a sustainable way, i.e., without limiting future generations
from accessing heritage of the past. The full architectural
characterization of homesteads within the Owambo tribe,
as well as the materials’ mechanical characterization, should
be also conducted. As a final comment, the authors would
like to refer that, despite the influence of the preservation of
vernacular cultural heritage over tourism in the Owaboland
region was not addressed in this study, it is naturally
understood as a key aspect towards the development of local
communities and a topic to be reflected in future studies.
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An overview of nanolime as a consolidation method for
calcareous substrates

Jorge Otero, A. Elena Charola, Carol A. Grissom, Vincenzo Starinieri

Abstract: Ca(OH), particles with submicrometric dimensions (nanolimes) represent one of the most promising consolidants for the
conservation of calcareous substrates. The nanolime treatment is similar to the limewater technique, traditionally used for its durability
and high compatibility with the calcareous matrix but requiring a large number of applications and not always yielding a highly effective
consolidation. Since 2001, alcohol-based dispersions of Ca(OH), nanoparticles have been synthesised to overcome the limitations of
the limewater treatment. Nanolimes present the same high compatibility and durability of the traditional technique but superior
properties in terms of higher consolidation, penetration and reactivity, and fewer side effects. Since their discovery, nanolimes have
been investigated by several research groups with the aim of refining their synthesis process, properties and applications. This paper
presents an overview of the most relevant literature about nanolime as a consolidant for calcareous substrates.

Key words: Nanolime, Calcium hydroxide, Consolidation, Limewater, Conservation, Nanoparticles, Synthesis, Calcareous substrates.

Una vision general de la nanocal como método de consolidacion para sustratos calcareos

Resumen: Particulas de nanocal, Ca(OH), con dimensiones sub-micrométricas, es uno de los principales consolidantes emergentes
dentro de la conservacién de sustratos calcdreos. La nanocal se basa en la técnica de agua de cal, utilizada tradicionalmente por
su alta compatibilidad y durabilidad con el substrato calcareo; pero su aplicaciéon requiere de un gran nimero de aplicaciones y la
consolidacién no siempre es muy eficaz. Desde 2001, dispersiones alcohélicas de nanoparticulas de Ca(OH), se han sintetizado para
obviar las limitaciones de los tratamientos tradicionales. La nanocal presenta la misma alta compatibilidad y durabilidad del método
tradicional y propiedades superiores en términos de mayor consolidacién, penetracién, reactividad y menores efectos secundarios.
Desde su creacién, estas formulaciones han sido estudiadas por varios grupos de investigacion con el objetivo de perfeccionar su
proceso de sintesis, propiedades y aplicaciones. Esta publicacién revisa la bibliografia mas relevante para identificar areas donde un
mayor estudio es necesario.

Palabras clave: Nanolime, Hidréxido de calcio, Consolidacion, Agua de cal, Conservacion, Nanoparticulas, Sintesis, Sustratos calcareos.

Introduction

The recent development of nanoscience and
nanotechnology has opened the way to new applications
in many scientific fields, including that of the conservation
of cultural heritage. One example of a nanomaterial
developed over the last decades is the so-called
“nanolime’, nanoscale particles of Ca(OH),with potentially
superior consolidation properties compared to traditional
lime-based treatments. So far, nanolime has been studied
mainly within the built cultural heritage conservation field.

Scientific investigations on nanolime began around the
year 2000 at the University of Florence -CSGlI, in Italy, with

the first results on its synthesis and application for the
conservation of wall paintings published in 2001 (Ambrosi
et al. 2001). The researchers in Florence modified the
synthesis methodology several times by reactions in diols
(Salvadori and Dei 2001), aqueous solutions (Ambrosi et
al. 2001) or water-in-oil (w/0) micro-emulsions (Nanni and
Dei 2003). In 2003, another research group (Ziegenbalg
2003) prepared nanolime from a heterogeneous-phase
reaction, which was patented under the brand name
Calosil®. This was the first nanolime product introduced
to the market in 2006 (IBZ-Salzchemie GmbH & Co. KG)
followed by Nanorestore® (CSGI) in 2008. With these
products made available to the scientific community,
European researchers began investigating the properties
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and consolidation efficacy of nanolime. Three main EU
research projects, STONECORE (2008 - 2011), NANOMATCH
(2011 - 2014) and NanoforART (2012 - 2015) have made
significant contributions to understanding the technologies
and preparing the way for a range of applications of
nanolime in the conservation field.

Nanolime is used mainly to recuperate the cohesion
between particles in calcareous substrates such as
wall-paintings, limestone, lime mortar, etc. In the past,
organic and inorganic consolidants have been used
for the consolidation of these substrates. The use of
organic consolidants such as acrylic, epoxy, or vinyl
resins were very common in restoration treatments
since 1960 (Dei and Salvadori 2006). However, the low
compatibility with the substrate and poor aging and
durability of these treatments may cause unwanted
degradation processes, including cracking and aesthetic
changes, and may interfere with future treatments. In
contrast, inorganic-based consolidants such as barium
hydroxide and limewater have a high physico-chemical
compatibility with the substrate and good durability,
although their use requires a large number of applications
and the consolidation is not always highly effective. The
effectiveness of the traditional limewater technique has
been controversial. Price (Price et al. 1988) concluded that
the limewater technique does not produce a noticeable
consolidation as most of the lime is deposited within
the outer 2mm and the low amount of particles does
not produce consolidating effect. Nevertheless, another
research (Brajer and Kalsbeek 1999) demonstrated that
a prolonged and uninterrupted application of limewater
over 80 days produces a positive consolidation effect.
However, this treatment is tedious and has to be repeated
up to 40 times due to the low solubility of calcium
hydroxide in water (1.7 g/L" at 20°C). Other limitations are
the reduced penetration depth of the lime size-particles
and the possible decay processes associated with the use
of large amounts of limewater solution (salt movement,
etc.). The use of nanolime in alcohol allows incorporation
of larger amounts of lime into the treated substrate with
far less water, yielding better penetration and faster
carbonation (Ambrosi et al. 2001). TThis paper expands
the extended abstract (Otero et al. in press) reviewing the
considerable literature on this topic.

Synthesis

Nanoparticles can be produced through either the
top-down or bottom-up processes. In the top-down
method the nanoparticles are created by “breaking”
a bulk micro-scale particle until fragments in the
nanometer range are obtained. This normally involves
using a source of high energy in processes such as laser
ablation, thermal decomposition or mechanical milling.
In the bottom-up method, the nanoparticles are built
atom by atom through chemical precipitation using
several techniques for the deposition and crystal growth

from vapour (Chemical Vapour Condensation (CVC))
hydrogen plasma hydrogen plasma-metal reaction
(HPMR) and liquid pha