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The Euro-American Congress REHABEND 2018 on Construction Pathology, Rehabilitation 
Technology and Heritage Management was carried out in Cáceres (Spain), in May 2018. The event 
was organized by twenty organizations of ten European and American countries, and it was co-
chaired by the University of Cantabria, through its Building Technology R&D Group (GTED-UC), 
and the University of Extremadura. 

REHABEND 2018 continued the series of the six previous REHABEND international events, which 
had been developed since 2006 in different Spanish cities. The previous one, in 2016, was carried out 
in Burgos. In 2016 edition, around than 310 papers by Professionals and Researchers of more than 30 
countries were presented and it became a conference of great interest according to the people who 
attended the congress. 

Construction Pathology, Rehabilitation Technology and Heritage Management currently have 
great importance for construction sector. This prompted the organizers to propose the technical 
event on these topics in Caceres, which old city has been declared a UNESCO World Heritage Site 
and is also on the ‘Via de la Plata’ path, the Silver Route, of the ‘Camino de Santiago’. This event aimed 
to collect the advances obtained in the last two years in the theoretical knowledge and practical 
realizations carried out on the referred topics. The Congress met more than 300 technical 
contributions coming from professionals, academics and specialists. 

Based on previous experiences the Congress was proposed once again in the Euro-American cultural 
space. The official languages were English, Italian, Portuguese and Spanish. Organizers understand 
that technical articles and oral presentations, with the support of graphic material and schemes, may be 
understood by the people who take part in the congress, as it was evident in REHABEND 2014 and 
2016. 

Under these premises and the successful previous editions, the Congress was sponsored by the 
Government of Spain, the Government of Extremadura, the Provincial Government of Caceres, 
the Municipality of Caceres, Sika, HeidelbergCement, Portneo, the University of Cantabria and 
the University of Extremadura. In addition, several Universities, Technical and Professional 
Associations, Institutes, Foundations and Companies committed their collaboration in order to the 
success of this initiative. 

REHABEND 2018 organizers would like to thank the multiple received supports: to the Sponsor 
and Collaborating Entities; to the Scientific Committee Members for their hard work in the revision 
of the different technical contributions, ensuring the required level of quality of an international event; 
to the Keynote Speakers; to the different Speakers for their relevant contributions and, in general, to 
the people who attended the congress for the confidence shown in the event. Sincerely, many thanks 
to all. 
 

 

 

 

 
Prof. Luis Villegas 

Chairman of the REHABEND 2018 Congress 
Full Professor 

University of Cantabria 

Prof. César Medina 
Chairman of the REHABEND 2018 Congress 

Associate Professor 
University of Extremadura 
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The University of Cantabria, through its Building Technology R&D Group (GTED-UC), was the 
promoter of the REHABEND Congresses on Construction Pathology, Rehabilitation Technology and 
Heritage Management. 
The 1st REHABEND Congress was set in motion in Santander in November 2006. It became established 
in the 2nd (Santander, 2007), 3rd (Valencia, 2008), 4th (Bilbao, 2009), 5th (Santander, 2014) and 6th 
Congress (Burgos, 2016), all of them carried out in Spanish cities. The ability to convene of the six 
perfomed editions was prominent, gathering an appreciable number of experts in the topics of the 
Congress. As a reference, in the 6th edition (REHABEND 2016) took part around 310 speakers from 
more than 30 countries from all over the world. 
The 3rd edition of the Congress (REHABEND 2008) was organized together with the Construction 
Technologic Institute of the Valencian Autonomous Community (AIDICO), and the 4rd and 5th editions 
(REHABEND 2009 and 2014), in addition to AIDICO, the Congresses were co-organized with 
TECNALIA Research&Innovation. Since the 6th edition (REHABEND 2016) the congress has been co-
organized by several entities from different Euro-American countries. 
The covers and ISBN of the books corresponding to the previous congresses are attached below. The 
ISSN of the series of REHABEND books is 2386-8198. 

 
 

REHABEND 2006 (Book of Papers) 
ISBN: 978-84-690-5269-3 (several languages) 

 

 
 

REHABEND 2007 (Book of Papers) 
ISBN: 978-84-691-3612-6 (several languages) 

 

 
 

REHABEND 2008 (Book of Papers) 
ISBN: 978-84-692-5650-3 (several languages) 

 

 
 

REHABEND 2009 (Book of Papers) 
ISBN: 978-84-8873-404-4 (several languages) 

 
 

REHABEND 2014 (Book of Abstracts) 
ISBN: 978-84-606-6738-4 (in English) 

ISBN: 978-84-616-8862-3 (several languages) 
REHABEND 2014 (Digital Book of Papers) 

ISBN: 978-84-616-8863-0 (several languages) 

 
 

REHABEND 2016 (Book of Abstracts) 
ISBN: 978-84-608-7940-4 (in English) 

REHABEND 2016 (Digital Book of Papers) 
ISBN: 978-84-608-7941-1 (several languages) 
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SPONSOR ENTITIES 

    
Goverment of Spain Government of Extremadura Provincial Government of Cáceres Municipality of Cáceres 

    

      

“El Brocense” 
Cultural Body 

Sika HeidelbergCement Portneo University of 
Cantabria 

University of 
Extremadura 

COLLABORATING ENTITIES 
The Collaborating Entities have been presented grouped in countries, following an alphabetical order. As Collaborating Entities 
have been considered to all that have contributed with more than two accepted articles in the Congress, or that some of its 
members formed part of the International Scientific Committee of the Congress. Finally, in each country, the Collaborating 
Entities have been ordered according to the number of accepted articles. 
 

UNIVERSITIES 

   
  

Argentina-Universidad 
Tecnológica Nacional 

Brazil-Universidade Federal do 
Rio de Janeiro 

Brazil-Universidade de 
Brasília 

Brazil-Universidade de 
São Paulo 

Brazil-Universidade de 
Santa Cruz do Sul 

     

     
Brazil-Univ. Estadual 

Paulista 
Brazil-Universidade do 

Extremo Sul Catarinense 
Brazil-Universidade 

Federal de Minas Gerais 
Brazil-Universidade 

Federal de Goiás 
Brazil-Universidade 

Federal de São Carlos 
     

     
Canada-Ryerson University Chile-Universidad Austral de 

Chile 
Colombia-Universidad 
Nacional de Colombia 

Cuba-Universidad Central 
“Marta Abreu” de las 

Villas 

Dominican Rep-Pontificia 
Universidad Catolica 

Madre y Maestra 
     

     
Dominican Rep-Universidad 
Nacional Pedro Henríquez 

Ureña 

Greece-University of Patras Italy-Università degli studi 
della Basilicata 

Italy-Politecnico di Milano Italy-Università degli Studi 
di Cagliari 

     

     
Italy-Università degli Studi 

di Catania 
Italy-Università di Bologna Italy-University of Rome 

Tor Vergata 
Italy-Università degli Studi 

di Salerno 
Italy-Politécnico di Bari 

     

     
Italy-Università degli Studi 

del Molise 
Lybia-University of Benghazi Mexico-Univ. Michoacana 

de San Nicolás de Hidalgo 
Mexico-Universidad 

Nacional Autónoma de 
México 

Peru-Univiversidad 
Nacional Pedro Ruiz Gallo 

     

     
Peru-Universidad Nacional 

de San Martín 
Peru-Universidad Privada 

Antenor Orrego 
Poland-Cracow University 

of Technology 
Poland-Lodz University of 

Technology 
Portugal-Universidade de 

Coimbra 
     

http://www.micinn.es/portal/site/MICINN/menuitem.d7f08c6e6152ccaea3bc811001432ea0/?vgnextoid=d9581f4368aef110VgnVCM1000001034e20aRCRD


 SPONSOR & COLLABORATING ENTITIES 
 

6 REHABEND 2018 Congress 
 

   
 

  
Portugal-Universidade de 

Aveiro 
Portugal-Universidade do 

Porto 
Portugal-Instituto 
Superior Técnico 

Portugal-Instituto 
Politécnico de Bragança 

Potugal-Instituto 
Politecnico de Leiria 

     

     
Portugal-Univ. of Trás-os-

Montes e Alto Douro 
Portugal-Univ. da Beira 

Interior 
Portugal-Universidade 

Nova de Lisboa 
Portugal-Escola Superior 
de Tecnologia e Gestão de 

Viseu 

Portugal-Universidade do 
Minho 

     

     
Spain-Universidad de 

Cantabria 
Spain-Universidad del País 

Vasco 
Spain-Universidad de 

Extremadura 
Spain-Universidad de 

Sevilla 
Spain-Universidad de 

Granada 
     

     
Spain-Universidad 

Politécnica de Cataluña 
Spain-Universidad Politécnica 

de Madrid 
Spain-Universidad de La 

Coruña 
Spain-Universidad de 

Burgos 
Spain-Universidad de 

Navarra 
     

     
Spain-Universiversidad de 

Cádiz 
Spain-Universidad de Alicante Spain-Univ. Europea 

Miguel de Cervantes 
Spain-Universidad 

Politécnica de Valencia 
Spain-Universidad de 

Oviedo 
     

     
Spain-Universidad de 

Málaga 
Spain-Universidad de 

Valladolid 
Spain-Universidad Alfonso 

X El Sabio 
Spain-Universidad de 

Salamanca 
Spain-Universitat 
Internacional de 

Catalunya 
     

 
   

 

 Turkey-Istanbul Technical 
University 

United States of America-
University of Miami 

Uruguay-Universidad de la 
República 

 

 
 

ASSOCIATIONS, FOUNDATIONS & PUBLIC ENTITIES 

    
Argentina-CeReDeTeC Centro Regional 

de Desarrollos Tecnológicos para la 
Construcción, Sismología e Ingeniería 

Sísmica 

México-Instituto de Ingeniería de la 
UNAM 

Portugal-Laboratório 
Nacional de Engenharia 

Civil 

Portugal-ITECONS - UCoimbra 

     

    
Portugal-Instituto da Construção 

- UPorto 
Portugal-ISISE – Institute for 

Sustainability and Innovation in 
Structural Engineering 

Portugal-Centre of Materials and 
Building Technologies C-MADE 

Portugal-Centro de Estudos de 
Arquitectura e Urbanismo (CEAU-

FAUP) 
     

 
   

Portugal-Parques de 
Sintra - Monte da Lua 

Spain-Instituto de Ciencias de la 
Construcción Eduardo Torroja  

Spain-Tecnalia Research & Innovation Spain-Instituto Geológico y Minero de 
España 
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Spain-Junta de Extremadura Spain-Instituto Valenciano de Conservación y 

Restauración de Bienes Culturales (IVC+r) 
Spain-Diputación de Castellón - 

Servicio de Restauración 
Spain-Colegio Oficial de 

Aparejadores y Arquitectos 
Técnicos de Cáceres 

     

  
  

Spain- International centre for 
numerical methods in engineering 

Spain-Fundación Leonardo 
Torres Quevedo 

Spain-Fundación Docomomo Red Iberoamericana 
PROTERRA 

 
 

COMPANIES 

    
    

    
    

   
 

    

    
 
 

JOURNALS 

 
MDPI – Infrastructures (ISSN 2412-3811) 
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COUNTRY NAME ENTITY 

Argentina Dr. Gustavo Luis Palazzo CeReDeTeC 

Argentina Dra. Noemi G. Maldonado CeReDeTeC 

Argentina Dr. Pablo Enrique Martín CeReDeTeC 

Brazil Dr. Guilherme A. Parsekian Universidade Federal de São Carlos 

Brazil Dra. Helena Carasek Universidade Federal de Goiás 

Brazil Dr. Luiz Antônio M N Branco Universidade Federal de Minas Gerais 

Brazil Dr. Obede B. Faria Universidade Estadual Paulista 

Brazil Dra Rosio Fernández Baca Salcedo Universidade Estadual Paulista 

Canada Dr. Umberto Berardi Ryerson University, Toronto 

Cuba Dr. Fernando Sánchez Rodríguez Universidad Central “Marta Abreu” de las Villas 

Greece Dra. Fillitsa Karantoni University of Patras 

Greece Dr. Thanasis C. Triantafillou University of Patras 

Italy Dr. Agostino Catalano Università degli Studi del Molise 

Italy Dr. Alessandro Lo Faro Università degli Studi di Catania 

Italy Dra. Antonella Guida Università della Basilicata 

Italy Dr. Antonello Pagliuca Università della Basilicata 

Italy Dr. Fabio Fatiguso Politecnico di Bari 

Italy Dra. Graziella Bernardo Università della Basilicata 

Italy Dra. Ippolita Mecca Università della Basilicata 

Italy Dra. Paola Ronca Politecnico di Milano 

Italy Dr. Salvatore Barba Università degli Studi di Salerno 

Mexico Dra. Bertha Olmos Universidad Michoacana San Nicolás de Hidalgo 

Mexico Dr. José M. Jara Universidad Michoacana San Nicolás de Hidalgo 

Peru Dr. Genner Villarreal Univ. Privada Antenor Orrego 

Peru Dr. Serbando Soplopuco Universidad Nacional de San Martín 

Peru MSc. William Rodríguez Serquén Univ. Pedro Ruiz Gallo de Lambayeque 

Portugal Dra. Alice Tavares Costa Universidad de Aveiro 

Portugal Dra. Ana Cristina Briga de Sá Centre of Materials and Building Technologies C-MADE 

Portugal Dra. Anabela Correia de Paiva Universidade de Trás-os-Montes e Alto Douro 

Portugal Dr. Aníbal Costa Universidad de Aveiro 

Portugal Dra. Clara Pimenta do Vale FAUP Porto 

Portugal Dra. Débora Rodrigues de Sousa Macanjo 
Ferreira Instituto Politécnico de Bragança 

Portugal Dr. Fernando F. S. Pinho Universidade Nova de Lisboa 

Portugal Dr. Hipólito de Sousa FEUP Porto 

Portugal Dr. Hugo Filipe Pinheiro Rodrigues Polytechnic of Leiria 

Portugal Dr. Humberto Varum FEUP Porto 

Portugal Dra. Inés Flores-Colen Instituto Superior Técnico-Lisboa 



 INTERNATIONAL SCIENTIFIC COMMITTEE 
 

REHABEND 2018 Congress 9 
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Portugal Dra. Isabel Torres Universidad de Coimbra 

Portugal Dra. Isabel Maria Assunção Marta Oliveira 
Bentes Universidade de Trás-os-Montes e Alto Douro 

Portugal Dr. João Carlos Gonçalves Lanzinha Universidade da Beira Interior 

Portugal Dr. Jorge Moreira FEUP Porto 

Portugal Dr. Jorge Tiago Queirós da Silva Pinto Universidade de Trás-os-Montes e Alto Douro 

Portugal Dr. Luiz António Pereira de Oliveira Universidade da Beira Interior 

Portugal Dr. Manuel Pinto Escola Superior de Tecnologia e Gestão de Viseu 

Portugal Dra. Maria do Rosario Veiga Laboratório Nacional de Engenharia Civil 

Portugal Dra. Maria João Falcão Silva Laboratorio Nacional de Engenharia Civil 

Portugal Dr. Paulo Lourenco Universidad de Minho 

Portugal Dr. Raimundo Mendes da Silva Universidad de Coimbra 

Portugal Dr. Ricardo Almeida Escola Superior de Tecnologia e Gestão de Viseu 

Portugal Dr. Romeu da Silva Vicente Universidad de Aveiro 

Portugal Dr. Rui Fernandes Póvoas FAUP Porto 

Portugal Dra. Sandra Cristina Alves Pereira da Silva 
Cunha Centre of Materials and Building Technologies C-MADE 

Portugal Dr. Tiago Miguel dos Santos Ferreira University of Minho 

Portugal Dr. Vitor Abrantes FEUP Porto 

Spain Dra. Adela Rueda Universidad de Extremadura 

Spain Dr. Alfonso Lozano Universidad de Oviedo 

Spain Dra. Ana Sánchez-Ostiz Universidad de Navarra 

Spain Dr. Ángel Aragón Torre Universidad de Burgos 
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Spain Dr. Ignacio Lombillo Universidad de Cantabria 
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1.- PREVIOUS 
STUDIES 

1.1.- Studies of conservation (historical, archaeological, 
etc.). 
1.2.- Heritage and territory. 
1.3.- Urban regeneration. 
1.4.- Economical and financial policies. 
1.5.- Processes of social participation and socio-cultural 
aspects in rehabilitation projects. 
1.6.- Pathology in construction. 
1.7.- Diagnostic techniques and structural assessment (no 
destructive testing, monitoring and numerical modeling). 
1.8.- Guides and regulations. 

2.- PROJECT 

2.1.- Criteria theoretical of the intervention project. 
2.2.- Traditional materials and construction methods. 
2.3.- Applicable novelty products and new technologies. 
2.4.- Sustainable design and energy efficiency. 

3.- BUILDING 
INTERVENTION 
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ABSTRACT 
 
The present text tries to highlight a building, exponent of the XX Century architecture in Castellón, 
current headquarters of the Valencian regional government, with competences in matters of housing, 
urbanism and public works. A tour is done on the different architectural projects, both the initials and 
those corresponding to subsequent renovations, accompanying the text with a review on the architects 
authors of the original project, Luis Gay y Luis Jiménez. 
Various elements show the intention of taking as a reference the principles and resources of the Modern 
Movement: Various elements show the intention of taking as a reference the principles and resources of 
the Modern Movement: structural sincerity, the use of materials as an expressive element (especially 
rolled steel, glass and “gresite”), as well as the technology associated with them. 
Information was provided regarding the different recognitions of its hetitage value (Docomomo 
Foundation and Catalog of Architectural Heritage of the City of Castellón), although it is not declared 
BIC or BRL. 
The paper invites to the reflection on the criteria of intervention in the heritage of the XX Century, on 
the basis that these constructions must respond satisfactorily to a program of current needs and uses to 
keep them alive. 
For this reason, an assessment study was performed about the conditioning needs in accordance with 
structural, functional, accessibility and energy efficiency requirements in its current state, as 
fundamental pillars to identify deficiencies, to propose improvements and, in this way, to guarantee their 
permanence through time and its heritage value. 
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ABSTRACT 
 
The aim of this research work is to catalogue the scattered architectonic heritage composed of the 
existing hermitages and chapels in the municipality of Caceres following a specific methodology. 
The methodology consists in creating an inventory and a catalogue of the buildings. 
The results firstly secure an ordered relation of the hermitages around Caceres, to subsequently realise 
an analysis of each of them following the scheme: “Firmness, Utility, Beauty” enunciated by Vitruvius 
(construction, function and form). 
Following the analysis of the catalogue of hermitages, the following conclusions are reached: 
It is demonstrated that counting with an adequate catalogue of patrimonial elements scattered in the 
territory is possible. 
The municipality of Caceres does not have such a catalogue. 
The municipality of Caceres does not comply with Law 16/1985 of the 25th of June on the Spanish 
Historical Heritage. 
The inventory and cataloguing must encompass the different fields of study (function, form and 
construction). Studies carried out from the perspective of isolated fields of study, which do not deal with 
essential aspects of the construction, or without graphical documentation such as maps, are inoperative 
for purposes of heritage management. 
For the study of the architecture scattered in a territory it is fundamental to study the territory in context, 
because it defines the localisation and shapes the articulation of the architecture. 
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ABSTRACT 
 
In Val d’Aran there is a group of Romanesque churches built between the 11th and 13th centuries. These 
churches have been systematically studied through the massive data capture with a terrestrial laser 
scanner (TLS) in five study campaigns (2014-2015). The data obtained allow an accurate analysis from 
the geometrical point of view of these churches that have allowed to analyze the orientation from the 
approach to the Romanesque liturgies such us Gemma animae (c.1120) of Honorio de Autun, the 
Mitralis de Officio (1190) of Sicardo bishop of Cremona, the Rationale divinorum officiorum, (c.1150) 
of Jean Beleth and, finally, the Prochiron, vulgo rationale divinorum officiorum (1291) of Guillermo de 
Durando. 
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ABSTRACT 
 
This paper has as its theme the interventions carried out in Santo Antonio Convent in Iguarassu, in the 
State of Pernambuco (Brazil), which belongs to The Franciscan Order, according to the bibliographic 
and iconographic data gathering of the aforementioned convent, as of the decade of 1950. This decade 
is noted for a work campaign after the convent was recognized with the official national historic site 
status, in 1938, by the Instituto do Patrimônio Histórico e Artístico Nacional – IPHAN – founded in 
1937, and it coincides with the visit paid to the Brazilian Franciscan convents by the Art historian 
Germain Bazin (1901 -1990), which resulted in his work “L`Architecture religieuse baroque au Brésil” 
(1956-58: Brazilian version – 1983), where the author dedicates one chapter to those monasteries. The 
case study of the Convent in Igarassu offers an opportunity to observe the practice and the fundamental 
theories of the restauration, according to the interventions performed. The evaluation was based on the 
textual and iconographic documents found in the archives of IPHAN in Rio de Janeiro and Pernambuco, 
complemented with field research. However, there are gaps in what refers to the registers of the 
interventions carried out. Thus, we aim to reinforce the need of the historic research as an instrument 
for the theoretical background of the restauration, and to draw attention to the importance of the register 
of the information about the occurrence of the works, aiding in the understanding of the essence of the 
asset to be preserved. 
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ABSTRACT 
 
The Manor Houses evolved during the Late Ages, adapting to the different historical periods and the 
needs of their owners. At the end of the fifteenth century, the prevailing residential model — the 
defensive Tower-House— was replaced by a more residential type of house. Unlike the rest of Manor 
Houses of these ages, the village manor houses were located in a single urban gothic plot, which greatly 
conditioned the interior distribution of these buildings. The house located in Donibane n134 is a good 
example of this typology, where the rooms had to be fitted in 11 x 39 gipuzkoan medieval elbows. 
This work has aimed to analyze the historical-constructive evolution that has undergone this manor 
house. The building has been investigated through the historical-documentary analysis and the 
historical-constructive analysis, in order to determinate its original shape and constructive system. Four 
main construction phases have been detected: the original construction, the first modifications made 
between the sixteenth and nineteenth centuries, the reforms made during 1870-1976 and the 
consolidation works of the last decades. 
It was possible to determine the original construction system, which was greatly transformed in 
successive reforms. The ground floor of the main façade was built using sandstone masonry blocks, 
while the upper two floors were constructed with wood and brick framing. Two stone overhangs were 
built on both sides of the main façade as an anti-fire measure. The side façades were made in poor quality 
sandstone masonry. Each floor had six beams arranged parallel to the main façade, which were 
embedded in the side walls. The original building had a gable roof, where the ridge beam was placed 
perpendicular to the façade. 
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ABSTRACT 
 
Jean Prouvé’s Works form an essential reference in industrialised buildings in the twentieth century 
especially during the post-war period. With prefabricated architecture, Jean Prouvé further develops his 
thinking. He designs a great variety of structural systems which allow for producing many models. Some 
of them continue to be built nowadays and consequently, have been categorized as Asset of Cultural 
Interest. knowledge of his building solutions is limited, in spite of being considered one of the most 
innovative developments in that period. The materials which were used and his building methods 
enabled Jean Prouvé to have studied his residential prototypes in depth. These are considered of great 
significance in contemporary building.  
In this communication, the design processes used by Jean Prouvé in his models will be revealed, 
allowing us to establish a research methodology prior to intervention in prefabricated and industrialized 
architecture, which is increasingly in demanded by society. Specific objectives are the contextualization 
of his residential work as a reference of the industrialized heritage; as well as the maintenance of such  
types of constructions, some of which despite having being considered as short or medium term 
solutions, have remained until the present day. 
Therefore, particular emphasis is placed on Jean Prouvé’s design methodology, on the fast and easy 
assembly that is carried out in his models. The fact that his works could be assembled by inexperienced 
workers and have been maintained through time reveals the precision in the design of the execution and 
in the structural maintenance. This, together with the fact that they are prefabricated structures, allows 
certain pathological lesions to be repaired easily, replacing the piece in question by another, thereby 
allowing permanence over time.  
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ABSTRACT 
 
The search of “Genius Loci” - that represent the “spirit of the place”, a casket of all the information on 
a building - is the first step to project a recovery intervention on built heritage. Phenomenological 
research, focused on the study of the environment, of the identity relationship that the building has with 
the historical, social and cultural context, cannot be ignored by the application of a suitable scientific 
methodology, which is offered as a subsidy for the definition of the design and architectural choice. 
The analysis of indirect sources (archivist and bibliographic, as well), becomes the first useful tool to 
define a precise understanding of the various evolutions of the building, reconstructing the constructive 
process in a clear and unambiguous way. However, due to the difficulty of obtaining historical 
documentation, direct analysis conducted in situ focus on the cognitive process and, along with a 
historical-constructive view, contributes to define an “architectural type”; it contains all the stylistic, 
technical and technological information, the information on construction features and on the materials 
of the building. 
Therefore, to know this “type” becomes a starting point for a large-scale analysis that allows to examine 
the similar constructive and typological phenomena of the selected area, as a guide in support of the 
evolutionary reconstruction of the building and of the transformations that affected it during its life 
cycle. 
This methodology finds its validation in the research for the historical-constructive events of the 
“Masseria di Santa Maria del Vetrano”, built as the castle of the noble Passavante in 1093, to control 
the territory near the town of Matera (Italy); it becomes subsequently “masseria” at the nearby 
Benedictine monastery of “San Michele Arcangelo in Montescaglioso” (Italy) in 1119. 
The research aims to propose a methodology of study and demonstrate how, by comparing the small 
historical documentation with a more significant constructive analysis “in situ” and with materials, it is 
possible to reconstruct the transformation phases of this important rural architecture, whose historical 
events rewrite the social and cultural context of a long-forgotten and abandoned Italian area. In other 
words, it want to provide the tools for defining a system that, by determining technological and 
functional elements, is able to minimize the risks of compromising historical artifacts and to ensure not 
only formal and morphological conservation, but also philological of the architecture. 
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ABSTRACT 
 
The Don Bosco Sanctuary was built in 1970, in the Pilot Plan of Brasília - DF. At present, no 
documentation of its design or constructive design, whether structural or architectural, is known. 
The present study aims to recover part of this collection that became a tourist reference for the 
Federal Capital, and consequently to make an analysis regarding the structural element as 
architectural composition. From on-site surveys it will be possible to identify and recover part of 
the collection of projects of the Don Bosco Sanctuary and also to compose a methodology of 
analysis of apparent internal and external structures that favors the understanding of the 
architectural conception. In order to achieve the objectives it was necessary to follow a survey and 
survey route where it was necessary to collect any and all existing information regarding the Don 
Bosco Sanctuary. From there it was possible to remake the structural and architectural plans of the 
sanctuary that later led to a virtual and physical modeling for a better understanding of the structural 
functioning. These projects will contribute to the secretariat of the Don Bosco Sanctuary for the 
recovery of its historical heritage. It can be seen that the structure was designed not only as a load 
sustainer but also as a functional and aesthetic part of the building. 
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ABSTRACT 
 
The ‘Camino Real de Potosí’ – Royal Route of Potosí – (Bolivia) leading to the port of Arica (Chile) 
was used for the transportation of silver from Charcas’ mines to the Pacific Ocean from the 16th century 
up to the late 18th century. The significant volume of trade for silver, mercury, exchange and basic 
consumer goods brought to the definition of a peculiar landscape along the historic trail, reflection of 
the colonial society of the studied period. 
The article focuses on the study of a set of historical chronicles describing the landscape of the ‘Ruta de 
la Plata’ – Silver Route – emphasizing the sources’ value as a knowledge tool of the historic landscape. 
The studied chronicles, selected for the richness of the description for the peripheral areas to the large 
urban centres, highlight the constant features and the transformation of the Andean landscape during the 
17th century, characterised by the radical changes in social and economic structure. The proposed 
reading works towards the interpretation of a set of landscapes as human and productive settlements, 
and the philosophy of those, reflecting over the hybridization process, which opens the way to new 
products and cultural scenarios. 
The present investigation contributes to the scientific community from a reinterpretation of a set of 
historical chronicles towards the identification of the systemic connection between places along the 
route and the description of the correspondent historical landscape. The study of the chronicles 
complemented, as part of a greater study, the analysis of other available sources: iconographic, 
cartographic, ethnographic and a field study survey. The interrelation of those allowed an historical 
“reconstruction” of the landscape system as well as an interpretative reading of heritage values based 
on the documental, architectural, urban and landscape relevance that justifies its preservation, 
enhancement and promotion. 
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ABSTRACT 
 
Architectures those make up the historical cities are the result of the material culture of a community 
that has been able to express, in various ages, wise use of materials, artistic language, architectural 
composition and building typologies. 
These architectures, observed in their diachronic development, have to be interpreted according to 
a synchronous reading, considering both the envelope, consisting of a surface that determines a 
language, degrades and transforms itself, both functional and structural components, which instead 
determine its typological-distributive, technological a structural features. This complexity suggests 
an interpretation of building blocks like macro architectural organisms (aggregate): they must be 
understood as a whole and not as a total. 
The buildings in the down town of Catania (Italy) insist on a particularly layered fabric due not only 
to historical events, but above all to the numerous cataclysmic (lava eruptions and earthquake) that 
have fallen on it. In addition, changes in altimeter structures have been conditioned by the functional 
needs induced by mobility and public health.  
The case study proposes an analysis of an urban aggregate in the city's eighteenth century soil, 
involved in the transformations (both formal and structural) determined by the leveling plan of 
1862. The aim is to find a criterion, supported by interdisciplinary studies and procedures already 
being tested, to study and understand every aspect of the architectural vicissitudes that have brought 
the building to its present state of conservation. It intends to propose procedures for the correct 
intervention on the consolidated city, understood as a single body made up of related architectures. 
The adopted methodology foresees the reading of architectural, technological and structural 
characteristics of the study compartment and the understanding of the degradation phenomena. 
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ABSTRACT 
 
The village of Pinarnegrillo in Segovia appears as a great example of a particular brick dwelling 
architecture made between the late nineteenth and early twentieth centuries, enhacing a domestic 
architecture by representative meanings in a rural environment. The Mudejar architecture present in 
Segovia in the XII and XIII centuries can contextualize the work of a group of local craftsmen that 
shows up through ornamental elements on the main façades, especially in cornices, imposts and lintels, 
exhibiting singular complex forms. 
The present work is based in a registry and cataloguing of these singular façades, mainly found in the 
focus of Pinarnegrillo, into an area exposed to degradation of the urban patrimonial setting because of 
the substitution and modification of the built fabric. The adaptation of these residences because of 
reforms aimed at maintaining their use of primary or secondary housing is triggering the inclusion of 
new materials, different from their traditional constructive systems. It is urgent, therefore, the 
registration and constructive definition of them, necessary for the knowledge and the diffusion of this 
singular constructive display. 
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ABSTRACT 
 
This paper presents a case study which represents a significant example of industrial development during 
the thirties in Spain, and more specifically, of the industry in Gipuzkoa which was developed in an 
uncentralized way spreading out from the river basins. The case in question is the “Nueva Cerámica de 
Orio” industrial complex, located in Orio, which is representative of the introduction and special 
presence of modern architecture in the industry of Gipuzkoa. 
This architectural complex —now registered under the Monumental Complex category in the Basque 
Cultural Heritage Register and listed by Docomomo— has been the object of study of several 
publications. However, most of them have focused on studying the architectural aspects of the last 
refurbishing intervention carried out in the factory and clarifying its authorship. 
In this regard, this work aims to study the evolution of this industrial complex, since its earliest days, in 
the 19th century, until today. For this purpose, both the architectural evolution and the production 
process have been taken into account. To this end, complementary tasks have been developed, such as 
fieldwork, documentary research and the historical-architectural analysis of the case study. 
Both the evolutionary stages and their characteristics have been ascertained, as well as an approximation 
to the productive scheme housed in the complex. Thus, it has been corroborated that both the productive 
process and the requirement to maintain some preexisting elements have influenced architectural 
features. Furthermore, the business nature of this facility meant that architectural interventions had to 
subordinate to the premise of not stopping production. All these issues reflect common patterns and 
dynamics implemented in industrial architectures throughout Gipuzkoa; it can therefore be affirmed that 
the “Nueva Cerámica de Orio” industrial complex is a representative case of this context. 
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ABSTRACT 
 
The main difference between the architecture project and the restoration project is that the second one 
works over the existing one that one intends to preserve because of its historical, artistic and / or cultural 
importance. 
Even following a system of phases and stages in a restoration project, the final outcome of the restoration 
project and its impact on the monument, its surroundings and society, can hardly be predicted. This is 
mainly due to the fact that the design process and the discussions are restricted to a group of people. 
The acceleration of growth from the second half of the twentieth century witnessed an unprecedented 
process of changes in the history of thought, technique and the arts. It can be said that Post-Modernity 
begins with the transition from industrial to post-industrial relations. Since the 1980s, a process of 
building a culture at the global level has been developed which, with the acceptance of all styles and 
aesthetics, aims to include all cultures as consumer markets. 
Virtual reality made it possible to represent space in a trustworthy way, and the offices of architecture 
gave freedom of creation, allowing incremental innovations of representation of their projects. 
Landscapes, textures, colors, decoration, lighting, shadows, structures, everything can be simulated 
accurately. 
However, it was only in 2000, in the Krakow Charter, that the first recommendations for the use of 
computing and digital tools in archaeological heritage were pointed out, establishing a more academic 
conduct of national and international research networks and a search for ethical search. Finally, a 
reflection paper from a seminar held at the British Academy in 2006 points out the guiding principles 
that will be implemented in 2009 in the Charter of London in 2012; followed by the Seville Principles 
in 2012. 
These documents provided the development of scientific research in the field, of what we will call here, 
of virtual restoration and systematization of restoration projects, illustrated through the case study of the 
Hospital, São Francisco de Assis, one of the only examples of panoptic architecture in Brazil. 
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ABSTRACT 
 
This study aims to investigate the causes of the considerable structural decay of a 13th century tower 
located in the province of Modena (Italy), focusing on the information provided by a profound 
knowledge of its construction and transformation phases. 
The building, defined a watchtower, is characterized by certain relevant aspects: it is, in fact, within the 
geographical area in question, one of the few, still-standing corner-towers which were part of a broader 
defence system of a fortified medieval town with origins dating back to the beginning of the 13th 
century. This singularity is reflected in the lesser-known constructive techniques of a building which is 
today, however, extremely transformed.  
This multidisciplinary study wove together the survey of the geometries, the examination of archival 
sources, and, in particular, the building archaeology, identifying the sequence of construction events. 
For each of these, the materials and construction techniques used were investigated: from the perimeter 
defensive wall, which opened towards the town and was topped with swallow-tailed merlons, to the 
subsequent transformations and additional raisings realized in function of the various uses for which the 
tower was adapted over time, first as a dovecote tower and, in more recent times, as a dwelling. 
Furthermore, the buildings that were added over the centuries, and which have since been demolished, 
were identified. Lastly, the study was extended to include the broader defensive system of which the 
tower was a part. This helped determine the relationship with the peculiar geographical morphology of 
the surrounding area that today is widely compromised, recreating the geometry of the terreplein on 
which the tower was built, and the cross-section of the Castle ditches, today aggraded. 
The results highlight an extensive patrimony of knowledge essential to interpret the crack pattern and 
deformations present as well as the tower’s structural vulnerability, and to conducting any additional 
diagnostic evaluations necessary for strengthening interventions: e.g., the identification of building 
joints, often lacking toothing; of neighbouring masonry constructed using different materials and 
according to different geometries; of additional raised constructions and vaulted pushing structures 
completed over time paying little attention to the nature of the foundation terreplein or to other specific 
pre-existing conditions. While restoring the testimonial value of these elements (structural vulnerability 
as well as physical documentation on the building history), this study also specifies the limits of an 
intervention that would respect the tower requirements for protection. 
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ABSTRACT 
 
Nowadays, when the environmental cause is gaining, although gradually, more significance and 
importance in public opinion, the practice of building maintenance it is imposed as an activity to be 
favoured for a sustainable action. Simultaneously, the maintenance of old buildings represents the 
adequate way for the preservation of its cultural values, with a particular emphasis on the architectural 
and constructive ones. 
When maintenance involves old buildings, it is highly consensual to deepen knowledge about history, 
from architecture to crafts, seeking to obtain important information, either to confront it to current 
scientific and technical knowledge or to launch new research tracks. 
Therefore, the design of a manual for the maintenance and use of old and ordinary buildings cannot 
dispense the consulting of the historical and technical literature. 
In the context of an investigation that has been developed for the design of a maintenance manual for 
the bourgeois house of Porto, a campaign was carried out to analyse the architectural treatises and 
manuals that had circulated during the period of great urban development of the city of Porto, in order 
to find useful information on this topic for the present days. 
However, contrary to initial expectations, the documents consulted reveal very little about the practice 
of building maintenance. In fact, only the receipts included in the construction manuals can constitute a 
contribution to the current maintenance practice, taking into account the information they contain about 
the materials and techniques used in the past. 
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ABSTRACT 
 
The accuracy of the new photogrammetric surveying systems, whose progressive improvement can be 
attributed both to the high resolution of modern cameras and to the recent development of sophisticated 
interpolation algorithms, allows collecting data not only of the general traces of the plant and the 
elevations of a building but, in addition, to know in detail the geometry of the pieces that compose it, 
and very specially of the elements that form its structure. This fact is of great interest in many fields, 
and especially in the field of masonry structures, since the stability analysis of these structures require 
(at least when local behaviour is intended to be incorporated into the study) of detailed information on 
the articulation of materials that compose them: bond materials, friction in contact areas or specific 
geometries of the contact surfaces. 
This paper will discuss a specific case, that of the church of San Millán at Segovia, a building in which 
a complex photogrammetric survey has been used as a geometric basis for the analysis of the masonry 
structure. The different phases of the process will be studied, from the survey to the processes of 
geometric simplification necessary to be able to implement any type of structural analysis automatically, 
emphasizing on the operational facilities that this technique makes possible. 
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ABSTRACT 
 
Hornos de la Peña Cave is located in North Spain, near San Felices de Buelna Village in Cantabria 
Province. The cave was discovered in 1903 and since the beginning has been considered one of the 
most important sites of Palaeolithic rock art in the region. A rich ensemble of engravings dated 
between Aurignacian and Magdalenian periods was studied by Alcalde del Río and Breuil (1913). 
Nowadays, a team headed by O. Rivero has resume the study of the rock art and his context, both 
archaeological and geological. 
Geological and geomorphological studies are excellent tools in order to preserve and protect caves 
because permit to outline the interaction between the different areas of the karstic system. Here we 
discuss the results of the information depicted by the geological and geomorphological mapping 
carried out inside and outside the cave. The external characterization shows a complex geological 
context defined by the presence of different geological units and their general arrangement. 
Regarding this, five geological units in the area surrounding the cave have been identified and 
characterized to know their main features and structural configuration. These units are dated as 
lower Cretaceous and consist of quarzitic sandstones, bioclastic limestones, sandstones with well-
developed tabular bedding and a deposit of blocks and sands from Holocene.  
Inside the cave, the geomorphological mapping focuses on the joint system, which permits us to 
define the karstic network and the main infiltration zones. Several families of discontinuities have 
been identified and characterized with the aim of obtain the relationship with the external context. 
Furthermore, a geomorphological mapping of the karstic deposits has been carried out in order to 
describe the different type of speleothems and their arrangement inside the cave. 
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ABSTRACT 
 
This work deals with a representative building of the urban history of the city of São Paulo. From 
the antecedents to its construction, the design (project), the implantation in the 1920s, the decay in 
the 1960s, the restoration in the 1970s to the present, the beginning of the twenty-first century. It is 
located in an area of the old city of São Paulo, Brazil, studied in the doctoral research. 
The Martinelli building was built in the area that passed through the first modern urban intervention 
in the city that expropriated the primitive buildings, demolished them, for the extension of Rua São 
João. Consequence of the law promulgated in 1912, which determined the opening of Avenida São 
João. Important architects and engineers, practiced professional activity on occasion in the city, and 
designed the eclectic constructions of the 1920s. 
The original documents, drawings and projects that are in the Historical Archive of São Paulo were 
the basis for writing this text, complemented by iconographic records found, the historical 
cartography studied and some laws of the occasion that allowed this urban work of great impact in 
the city. 
This eclectic building reveals the influence of the law on the fabric and urban landscape. Among 
the documents investigated, it was possible to know the primary city, its transformations to become 
a great metropolis. The material reveals the existence of the protected cultural heritage and the 
inefficiency of the management of the urban instruments of the city of São Paulo in the preservation, 
in other words, the lack of public policy of preservation and conservation of the architectural assets. 
This material may be useful for future restoration of this building and mainly develop your 
conservation plan as a safeguard methodology to be used in many cases. 
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ABSTRACT 
 
A large number of historic structures are over risks in cities due to weather patterns and global 
climate change: sea-level rise, increasing frequency of storms and other extreme precipitation 
events. Conservation of urban areas of historic value implies the management of these changes, by 
ensuring the protection of social values as well as the authenticity and integrity of heritage sites. 
Disaster risk reduction and adaptation to climate change should be seen as components of 
conservation, as they all share the objective of addressing the challenges of sustainable urban 
development. 
This research presents a methodological approach (MIVES - Integrated Value Model for 
Sustainability Assessment) for vulnerability and risk assessment, supported by an information 
strategy and a multi-scale urban model, in order to provide decision-making with objective and 
justified prioritization. A decision tree is built as a basis for future developments in specific urban 
case studies, supplying in present work some partial discussion by delivering a balanced solution 
in terms of accurate results and data requirements, by using a categorization method for urban 
modelling. The information is organized and structured in hierarchical levels, permitting the 
comparison of building vulnerabilities and risks through the use of a unique index, thus facilitating 
the decision-making that is needed for the prioritization of efficient interventions. 
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ABSTRACT 
 
The skyline of European historic centres has always been characterized by traditional bell towers. These 
buildings have an impressive verticality compared to the small planimetric dimensions. They are very 
significant symbols of the Hispanic landscape since the twelfth century. Castilla y León is scattered with 
small towns, almost completely depopulated now. In these villages, there are parish churches that once 
represented real administrative centres and important landmarks for the area. In many cases, these 
churches and their bell towers are in a serious state of neglect that caused their disappearance or partial 
collapses. This results in a considerable loss for European historic building heritage to be preserved and 
safeguarded necessarily.  
A careful survey of these slender structures, with the help of digital photogrammetry techniques, allows 
the “stone document” to “tell” its state of conservation and its construction stages, if there are no 
adequate archival sources. This paper summarizes the results of the research carried out on the ruins of 
the Villaesper and Villacarralón bell towers, considered emblematic for the Valladolid area and never 
investigated previously. For each of them, traditional and photogrammetric surveys were conducted; 
this has allowed a careful anamnesis of the “corpus” of the building. We have analysed geometric 
configurations, materials, building techniques and different construction stages. We have obtained 
useful information about possible damage mechanisms that have caused the structural collapse and the 
still existing pathologies. This was also an opportunity to propose a virtual three-dimensional 
reconstruction to keep the memory alive, in the hope of desirable recovery actions by administrations to 
stimulate social and economic development. 
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ABSTRACT 
 
The terraced house is the urban elementary type par excellence, on the contrary of the court type, that is 
the most characteristic in rural centres. These two building types have originated most of the urban 
fabrics of the Mediterranean urban centres. 
From the terraced type, building organisms have evolved, by means of successive cell duplicates and by 
merging different building units, giving rise to more complex multi-family organisms that compose the 
historical fabrics of our cities. 
The historic center of Iglesias, a town in the southwestern region of Sardinia, is a fortified village with 
several examples of terraced type, originated in different periods under different domination and social 
contexts. 
Although the theme of the terraced house and its evolution has already been studied by the Muratori’s 
school considering other Italian historic centres, and in particular by Gianfranco Caniggia between the 
'70s and' 80s of the twentieth century, the Iglesias case study suggests new ideas of reflection for its 
peculiarity. This specificity represents a unique case in the Italian landscape, it can also be seen in 
Cagliari, a town which had the same rulers of Iglesias, and  regarding Southern Europe, we can found it 
only in the regions around Porto (PT). This singularity is represented by the rotation of the layout of the 
roof ridges that are perpendicular to the road front. This affects both the urban landscape, in which the 
profiles of the urban blocks are marked by the succession of the roof gables, and the buildings 
construction, in which this different layering imposes peculiar solutions for the roofing. 
The paper, considering the studies of other contexts in the Mediterranean area, seeks to investigate the 
causes and consequences of this constructive choice. 
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ABSTRACT 
 
The framework for the present paper is the research project entitled “National Inventory of Historic 
Quarries associated with Architectural Heritage” (INCHaPA – Inventario Nacional de Canteras 
Históricas asociadas al Patrimonio Arquitectónico). This reseach project has been developed by the 
Geological Survey of Spain (IGME – Instituto Geológico y Minero de España). This work is focused in 
the location of the quarries or historical exploitation areas from where the stones were extracted for 
construction of the BIC (National Register of Historic Places), elements of defensive architecture 
included in the PNAD (National Plan for Defensive Architecture) and other elements of the rich 
architectural heritage of the province of Badajoz. 
The main steps for the historic quarries location are: 1) the identification of the buildings rocks used in 
the architectural heritage; 2) consult of historic information; 3) rock sampling and rock characterization; 
and finally, 4) quarry location and addition to the national quarry database. 
The localization of historical extractive areas is of great value. On the one hand, it enables the collection 
of original building stone for its characterization at laboratory and the evaluation of appropriate 
conservation treatments. On the other hand, it contributes with new and unpublished information 
extremely useful for other disciplines such as History, Archaeology, Geography, etc. All that lead to a 
better understanding of the built heritage and its relationship with the territory, contributing with a new 
perspective for its management and preservation. 
Building rocks of 254 elements have been studied in the Badajoz province. 229 extractive areas related 
to these constructions have been identified and located. 
The inventory and characterization of these historic quarries and extractive areas contributes to the 
recognition of these spaces as important cultural elements with remarkable scientific, cultural and 
educational interest. Due to these reasons, historic quarries and extractive areas should be protected 
under an appropriate legal figure. 
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ABSTRACT 
 
Results showed in this paper belongs to the  project entitled “National Inventory of Historic Quarries 
associated with Architectural Heritage” (INCHaPA – Inventario Nacional de Canteras Históricas 
asociadas al Patrimonio Arquitectónico), developed by the Geological Survey of Spain (IGME – 
Instituto Geológico y Minero de España) in collaboration with the Regional Goberment of Extremadura.. 
One of its main objectives is the characterization of the building stones used in the construction of the 
architectural heritage, as well as the location of the historic exploitation areas from where these materials 
have been extracted. 
A total of 211 extractive areas (associated with 252 monuments) were located in the province of Caceres.  
Most of these extractive areas are developed on granite outcrops, but also other materials, such as 
quartzites, slates, marble or limestone, were exploited. 
This project has a multidisciplinary sense, being necessary the use of tools from other disciplines such 
as Geology, Architecture, History, among others. In fact, in addition to the geological interest of historic 
quarries, their study is a fundamental starting point for defining ancient production centers of specialized 
building stones, as well as for studying the historical communication routes, or for known the 
organization and hierarchy of the mining work process and the stone trade. 
Results from this paper, together with those obtained in the Badajoz province, offer a complete inventory 
of the historic quarries and historic extractive areas of the Extremadura Region (western of Spain). This 
research work provides an unpublished document for the study of the built heritage and its relationship 
with the territory, providing new perspectives for its analysis, management and conservation. 
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ABSTRACT 
 
The production of cider in Gipuzkoa was one of the main economical activities in this region during the 
XVIth century, along with the shipbuilding and whaling. Many Basque farmhouses (caserío in Spanish 
language or baserri in Basque language) produced large amounts of cider through a great power press. 
This press was known as lagar in Spanish or dolare in Basque. 
Nowadays, there are many buildings with traces and clues of have being a press house in the past, but 
none has kept it in its entirety. The case of Igartubeiti, located in Ezkio (Gipuzkoa), is the most special 
as this press-house farm has been recovered and transformed by the Provincial Council into a museum, 
in order to ensure the transmission of this legacy to the new generations. This was an important project 
in order to spread the great magnitude of this type of hamlets had in the Gipuzkoan economy in the 
XVIth century. 
This work analyzes the mechanism of the hypothetical great press in one case, Ugarte hamlet in Asteasu 
(Gipuzkoa). There are some clues indicating that this caserío used to press apples using this system. In 
a structural level, the movement of the great beam during pressing involved a dynamic load and a 
successive instability on the whole building. 
Ugarte building was studied in the University Master in Rehabilitation, Restoration and Integral 
Management of the Built Heritage and Existing Constructions of the University of the Basque Country 
UPV/EHU. It is also part of one of the research lines of ESMAARQ Research group in the same 
university, at which belong the authors. 
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ABSTRACT 
 
The settlements of Extremadura, created by the National Institute of Colonization (INC), constitute a 
benchmark for implementation in the territory as well as sustainable rural architecture, either from the 
point of view of its architecture and urbanism or from the design of its activity and economic and social 
development as a productive city. In this sense, villages of architects so important both nationally and 
internationally, such as La Bazana by Alejandro de la Sota -located in Badajoz-, and Vegaviana by José 
Luis Fernández del Amo -located in Cáceres-, exemplify the sustainable in rural architectural heritage 
of Extremadura. Is in the design of the rural architecture of the architects of the INC where details and 
characteristics typical of the vernacular architecture of the area are often glimpsed. Therefore, the main 
objective of this article is to know if there was an influence of the vernacular architecture in the 
settlements of Extremadura in a general way, and more concretely in the settlements of La Bazana and 
Vegaviana, that influenced that today we would define as its own aspects of sustainability. The analysis 
is made from the study and comparison of vernacular characteristics of the populations of the areas in 
which the settlements of La Bazana and Vegaviana are located, and their subsequent comparison with 
the architectural and urban design of these villages. Subsequently, the relationship of this vernacular 
influence with the sustainable aspects of the villages is analyzed. As a main conclusion, we can establish 
that the vernacular architecture had a positive influence on the characteristics of the settlements of 
Extremadura, specifically in La Bazana and Vegaviana, which endow them with elements of 
sustainability from their design and conception. 
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ABSTRACT 
 
The town of Larraga is located in the centre of Navarra (Spain), on the banks of the River Arga. It has 
been a town mainly dedicated to agricultural production, since ancient times. Some rural buildings 
disseminated throughout its territory stand out for their singularity among all the constructions with 
agricultural character. They are some related to beekeeping activity. These constructions integrate an 
entire system of buildings whose objectives are to lodge stable swarms of bees: bejeras (beehives), 
acclimatization cells or ventureros, wells and huts seek their accommodation in the territory, opening to 
the most favourable orientation. Its constructive characteristics are linked to the materials provided by 
the territory and traditional techniques, almost disappeared. 
Nowadays, although beekeeping activity has almost disappeared in Larraga, but these vestiges have a 
great ethnographic and cultural interest. They constitute an element of identity of Larraga population, 
and they are a referent of an economy linked to the territory and its sustainability over time. Aware of 
the importance of its conservation, the City Council has begun a series of actions with the aim of 
preserving this rich and unique heritage, spreading it and making it known. This article exposes the 
conclusions of the work carried out so far for the conservation and enhancement of this heritage, as well 
as its future challenges. 
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ABSTRACT 
 
The towns in the Mediterranean basin show a past that may be red through their urban patterns and the 
surviving buildings. Those towns with a long history are converted into a palimpsest, on which different 
epochs superimpose and several buildings replace the obsolete ones, while others evolve and go under 
rehabilitations and great transformations in order to answer to new necessities. 
This logic transformation of the town sometimes involves the loss of its heritage values, even more 
when occur historical events that contribute to modify the features of buildings due to cultural or identity 
reasons, due to the changes in the Government, to religious principles and to the imposition of new 
aesthetic styles. The façades of historical buildings are the most suffering parts and sometimes those 
that better reflect these incidents, which turn them into interesting documents for the analysis and the 
research. 
The town of Skikda is located in the Mediterranean cost of Argelia and is a good example of a town 
with a more than 2’000 years long past, which has suffered different transformations until its 
consolidation as a port town with an intense social activity. The main artery in Skikda is the present Rua 
Didouche Mourad that cross the town from North to South on the path of the ancient road from 
Philippeville to Constantine. 
The aim of this presentation is to show a studying methodology, starting from a multidisciplinary 
analysis of the historical compound of buildings that form the present Rua Didouche Mourad, to 
document scientifically the processes of transformation of this road and to elaborate hypothesis on its 
chromatic heritage. All the information was put at disposal of the local Administration and of the 
professionals charged to promote an intervention on Skikda’s architectural heritage. 
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ABSTRACT 
 
In the Second World War, Italy was affected by a phenomenon of industrialization that influenced the 
development of many urban systems distributed predominantly in the major industrial poles and along 
the coastal areas of the Peninsula. Territories not affected by this process, the so-called "Internal Areas", 
have been progressively abandoned, a phenomenon that is still in progress, with a consequent strong 
economic downturn and a sharp reduction in the supply of essential services. 
A recent analysis has shown that urban centers, predominantly smaller centers, included in these internal 
areas: 
- they involve high social costs for the state they pay for the production and consumption processes 
currently in place. Among the most important issues are hydrogeological disruption, loss of biological 
diversity, degradation of human landscapes and loss of traditional knowledge; 
- have little access to essential services such as health, education, mobility and virtual connectivity 
(Internet access), services that today in Europe identify the right of citizenship; 
- they have enormous potential for economic development for the huge unused land capital (agroforestry 
systems, building capital, traditional knowledge). 
In a broad sense, research seeks to identify a strategic approach aimed at the recovery and upgrading of 
smaller historical centers, including in the interior areas of Cilento and Vallo di Diano, in the province 
of Salerno. This approach moves from the need to identify the criticalities to be faced (lack of functions, 
equipment and services, hydrogeological vulnerability, seismic, etc.) and resources to be re-valued, 
namely the peculiarities of the material nature (environmental, geomorphological, typological, 
constructive) and intangible (local uses and traditions, enograstronomic, cultural, tourist potential, etc.). 
Specifically, in this contribution, the analytical approach to a case study is presented: the municipality 
of Ceraso, included in the "Cilento Interno" area. The approach concerned in particular the technological 
characterization of recurring building typologies, typical of the local construction tradition, with 
particular reference to the lithological characteristics and the seismic vulnerability of recurrent masonry. 
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ABSTRACT 
 
The rural landscape of Basilicata (South Italy) is characterized by the presence of widespread villages 
and architecture in where activities, crafts and manifestations of material, economic, social and spiritual 
life took place; to testify a “minor” cultural heritage. Residential architectures in these villages, largely 
abandoned, with the changing of social and working conditions have suffered marked transformations 
from the functional and distributive point of view, and if on the one hand, these conditions have changed 
the way in the other hand they have preserved them. Instead, the architectures, closely linked to 
productive activities (Silos, stables, ovens ...), once lost their original function, are in a state of 
degradation and desertion.  
Same matter was touched to the village of Piano del Conte, built between 1920 and 1925 as a modern 
zootechnics and agricultural company and as a service center for peasant families, located in the nearby 
area; this village, in the 60s and 70s, was first depopulated and later suffered the transformation of its 
buildings. 
The principle of research is the story of rural architectural heritage, the history of a community, which 
constitutes the memory of the site, identifies the local community and the territory and therefore its 
recovery and development are fundamental to preserving its identity and to set up new growth models. 
Starting from a real case, the research provides cognitive supports of the complex and precious heritage 
of rural construction and directs the reuse and building renovation towards the problem of “reuse” and 
suitable destinations with the architectural, constructive artifacts features of buildings  and with their 
surrounding landscaped. 
The aim is to provide a methodology that, moving from technical discipline, proposes a concept of Rural 
Architectural Heritage recovery as knowledge, preservation, fruition and promotion, where maintenance 
works have to use design strategies and environmental technologies, to sustainability and material 
process. 
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ABSTRACT 
 
This study is a summary of the ongoing doctoral thesis in Yildiz Technical University which aims to 
make an inventory of public buildings dated back to 19th century in the city of Adana-Turkey, document 
their current situation, evaluate their reuse and propose preservation approaches for them. 
In the mid-19th century Ottoman State, there had been reforms in fields of law, military, finance, 
education and manufacture. As a result, the government redesigned the buildings of administration, 
education, medicine, transportation, manufacture. Unprecedented building types in the Ottoman style 
have emerged ensuring the integration of the western culture, instead of the Empire's dominant Classical 
Architectural style. Among these are the following building types; barracks, schools, government 
offices, prisons, post offices, hospitals, factories, railway stations, customhouses. 
In 1860’s, Egypt, India and Turkey was meeting the cotton demand of the world due to the outbreak of 
the American Civil War. The Cukurova Region including the city of Adana has gained global 
significance based on the amount of cotton production. 
Adana, the largest city of the region turned out to be very prominent for the Ottoman State due to the 
increasing significance of Cukurova Region. As of this date, many investments and new public buildings 
have been constructed in the Adana city by the central government. In 1923, after the establishment of 
the current Republic, the names of some of these buildings were changed while the functions remained 
the same. Today, some building types have disappeared while others still exist. In this paper, inventory 
of the surviving buildings, their current status and actual functions will be evaluated and main 
preservation approaches will be proposed. Prime Ministry Ottoman Archive documents, annuals, 
national documentary archives, written materials on regions and settlements with map archives have 
been utilized during the research period. 
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ABSTRACT 
 
In order to ensure survival, the rural populations of the Gerês-Xurés mountain range transboundary 
region developed, over centuries, a very specific system of vertical transhumance. Focus on making the 
most out of their natural landscape harsh conditions, human intervention shaped the territory, and gave 
birth to the existent and very authentic vernacular heritage, that has in the corbelled dome building 
technologies one of its most characteristic identity features.  
In the pursuit of fertile land, villages were scattered in small and compact settlements, built at lower 
altitude and occupied all year long. The surrounding mountain’s slopes were turned into farming 
terraces, and the high-altitude plateaus were for livestock and farming, thru temporary settlements built 
in corbelled dome structures. These vital points were interconnect by a dense network of paths and 
masonry walls. Although the resemblance between most of the region permanent settlements, the 
temporary nuclei, due to each mountain particular features, show a large morphological and functional 
diversity, from complex structures, like the “brandas” or the “brandas e inverneiras” system, to very 
simple pasture areas, like the “currais”. Understanding the high potential of this endanger vernacular 
heritage is a key point for its preservation, as well as its recognition by the scientific community and 
society in general. A previous study aimed at the “brandas” morphological and constructive 
characterization was presented at the Rehabend 2016. This follow-up study is focus on, in a first level, 
the identification and characterization of the general system main features, and, in a second level, the 
evaluation of this vernacular heritage main preservation threats. The research, based on case studies 
analysed thru fieldwork surveys, geometrical and constructive, and literature support, allowed to identify 
the main morphological and typological features related to the heritage elements that take part in this 
occupation system, and are discussed in this paper. 
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ABSTRACT 
 
The knowledge of the territory, implies the historical need of establishing a regulation that avoids both 
the dispersion of knowledge, and the adoption of radical postures during the its cognitive procedure. 
The realization of knowledge for the description and definition of a territorial system, has traditionally 
confronted the geographers and all the professionals involved in the study of the «place». The inquiry 
on this one, must be a scientific and non-artistic activity, so it should adopt the means to rigorously 
dominate the data obtained, defining the purpose in the selection and setting the research method, 
without curtailing a possible original interpretation, whenever it does not imply a deviation which 
contradicts the objective pursued. 
In this context, human influence on the construction or the destruction of landscape is very difficult to 
delimit, since there is no established and unanimous recognized value system. This is the case of the 
«Vega de Granada», which does not recognize specific and systematic references for its delimitation. In 
this study and under the prism of the geographical knowledge formulated by Sauer, it is intended to 
establish the guidelines that define this region as a place which hosts a model of "cultural landscape", 
from the architectural identity of the singular industrial heritage inherited of «tobacco curing houses». 
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ABSTRACT 
 
The last decades have seen the transformation of the relationship between necessity and form in the 
construction of the rural inhabited space. Economic and social transformations, technical and 
technological pluralities have altered this relationship, modifying the identities of places. If in line with 
tradition, this correlation can be interpreted as an equation, in which specific structures of anthropization 
were the result of specific needs of places, nowadays it is possible to read this relationship as an 
inequality where form dominates necessity, becoming autonomous. Inside the Sardinian rural village, 
the building box can be interpreted as a symptomatic element in which tradition has established its long-
lasting characters and that today endures a deep transformation process, altering the consolidated 
historical meanings. Through an analysis of the transformation phenomena of the houses - particularly 
through the themes of contact and separation - the paper investigates on which components regulate the 
new relationship between necessity and form in the villages of rural Sardinia. 
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ABSTRACT 
 
This article will develop related issues with the presence of British people in the town of Ambalema, 
known as the city of the thousand and one columns, and the consequences of such permanence in the 
buildings that make up the cultural heritage in this city. Such information is part of the partial results of 
the research "Analysis and diagnosis of the current status of the Historical Center of Ambalema", which 
established the temporary line space of relevant facts and a physical-spatial inventory of 150 properties 
was made. This contribution is intended to demonstrate that four of the buildings (the tobacco factory, 
the English house, the tobacco factory ,"La Patria" and the Casona) that make up the "Campoalegre" 
sector, within the Historical Center of Ambalema, is the result of economic interests in an era of strategic 
relations between Colombia and England. Through a process of review and documentary analysis about 
the time of economic splendor of the Municipality, which coincides with the exploitation of tobacco, all 
the important social relationships made between England and Colombia can be understood in the XVIII 
century, and that led to the urban configuration. The main outcome of this article is that the Campoalegre 
sector in Ambalema does not belong to the colonial period, as it is currently known, but their  urban 
configuration, in its beginnings, is a mixture between British and local features. In the future, such a 
consideration would be useful to rename  the singular style of the Ambalema's historic heritage, from 
which can be concluded that the present sighting is a hybrid between the English and the Colombian 
culture. 
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ABSTRACT 
 
The objectives of this paper are mainly the dissemination of knowledge about drystone walls, a “minor 
heritage”, and the awareness of its importance in the territory characterization. These objectives are 
achieved when this theme is disclosed and explained. Heritage is protected and appreciated only if it is 
understood. 
The expected practical impact is essentially related to the recognition of this type of heritage. 
The main methodology consists of bibliographical and iconography collection, field surveys and 
exchange of ideas with the local people. 
The approach is made from the point of view of how the practiced agriculture characterizes the territory, 
not only its structure, but is also necessary to know the local typologies of drystone walls to allow 
characterizing them. 
Characteristics of drystone walls were discovered in this investigation, directly related to the territory 
where they are inserted. 
The following limitations were found: the gradual replacement of drystone walls with masonry walls; 
changes in the type of agriculture; the difficulty of finding masters who have the know-how about 
drystone walls; the recognition of this heritage by the local population; and the gradual local population 
diminution. 
Practical implications are an improved sense of belonging and identity as the knowledge and 
appreciation of this heritage increases the pride of the population. This was verified in the field surveys. 
The originality of this paper is the object of study, the Parish of Cernache do Bonjardim, Portugal, since 
there are very few works about it, also with added value to dissemination of this type of heritage and its 
potential exploitation and protection by local population. It is possible to renew these walls’ territory 
and use it for touristic, educational and cultural purposes, encouraging the local economy. 
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ABSTRACT 
 
Concerning the contemporary city urban space production process, mainly the culturalization of 
patrimonialization processes of historical ensembles and urban interventions, this research identifies a 
cultural process of resignification of the identity sense of the place and the site, because of this process, 
there is a deconstitution of the original cultural meaning characterized by the reduction of its symbolic 
values and the disarticulation of its urban context. This process, characterized by a culture 
mercantilization policies determined by the neoliberal urbanism logic of (re) production of the urban 
space, determines a distinct creation of territory and landscape process, we observe: the traditional urban 
fabrics context and identity dissolution; a low social participation of the local community in the decision 
making, against to some of the international patrimonial charts that seek to assist in the preservation of 
the socio-cultural aspects of the place. In this context, we realize that is necessary to observe and 
consider about urban interventions and the notion of heritage conservation (as heritage, history and 
memory elements of the city), this research allow us to question the conditions and singularities of 
patrimonialization processes that, on the one hand lead to the creation of simplified spaces of meaning 
and, on the other hand, the creation based on a thematized landscape from the reproduction of a history 
image. Therefore, it analyzes two recent processes of patrimonialization in urban buildings, one 
classified and the other still candidate for world heritage by UNESCO: University of Coimbra (Portugal) 
and Ver-o-Peso (Brazil), concentrating on the analysis of the Brazilian case. It is argued that both 
proposals, in greater or lesser dimension, promote the deconstruction of the meaning of urban fabrics as 
the resignification of their urban identity, thereby the city, and its landscape, urban and cultural elements, 
are renewed in an ennobled sense, thematized and disarticulated from its spatial and socio-cultural 
context. 
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ABSTRACT 
 
This research is focused mainly on the study and the reappraisal of the cultural built heritage from a 
practical approach that contributes to the current architecture proposals. Its objective is the formulation 
of guidelines for the architectural design of sustainable housing in the Lambayecan coast, located in the 
north of Peru, based on the identification and revaluation of the concepts and criteria of environmental 
and constructive solutions that the architecture that was edified in the vice regal period in the place, has. 
To do this, the characterization of a selected sample of buildings was carried out, and through this 
analysis, the contributions proposed as design guidelines were determined. The results allow to conclude 
that these guidelines for housing design are focused on prioritizing the assessment of the climatic 
environment to properly implement the building, also considering recommendations for the specific 
design of various components, such as courtyards and fenestrations, which, together with the materials, 
are the aspects solved with skills and ability.  
Finally, it is important to point out that this study contributes to the reappraisal of the cultural built 
heritage through its knowledge and analysis with simulation technologies, as well as helps to find 
solutions for the design problem, which currently have the existing housing in the place. 
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ABSTRACT 
 
Plasencia, an eight-hundred-year-old city, situated in Cáceres province, is a monumental old town, wich 
is in a process of depopulation, the intervention of the Local Administration is very important to avoid 
its degradation. 
With eight real rehabilitations of buildings of the Town, the work carried out by the Public 
Administration in each one of the interventions is analyzed, researching in every case the factors 
susceptible of improvement for later interventions. 
The Administration has at the moment a great opportunity for its action to change the abandonment 
process such a significant part of its population, on the one hand as a regulator of the activity of 
rehabilitation and on the other hand as developer of the interventions in unique buildings of great 
importance within the city. 
Of the interventions shown the following aspects are appreciated: 
.- There are different interpretations of the rules of PERI according to the Municipality 
.- The aggregation of plots prevents the programs of uses according to current legislation. 
.- The fulfillment of the Rules prevents to maintain rationalist architectures. 
.- The terms of administrative procedures discourage action. 
.- There is no specific use prior to the rehabilitation of the property 
.- Unpractical uses are posed before the investment and public function 
.- Public spaces do not resurrect if the buildings that comprise it are dead 
.- There are very different interpretations of the urban landscape in history. 
 
  

mailto:luisvalverdearquitecto@gmail.com
mailto:927222732@telefonica.net


 
1.- PREVIOUS STUDIES 

1.3.- Urban regeneration 
 

REHABEND 2018 Congress 73 
 

 
 

CODE 182 
 
 

INDICATORS FOR URBAN REGENERATION, A VISION FROM CLIMATE 
CHANGE ADAPTATION 

 
 

García Sánchez, Francisco J.1; Ribalaygua Batalla, Cecilia2 
 

1: EDUC, Doctoral School. Programa de Doctorado en Patrimonio Arquitectónico, Civil, Urbanístico y 
Rehabilitación de Construcciones Existentes 

University of Cantabria / Universidad de Cantabria 
e-mail: francisco-jose.garciasa@alumnos.unican.com, 15492garcia@coam.es web: http://www.unican.es 

2: Department of Geography, Urban and Spatial Planning 
University of Cantabria / Universidad de Cantabria 

e-mail: cecilia.ribalaygua@unican.es, web: http://www.unican.es 
 
 

KEYWORDS: Climate change adaptation; urban planning; indicators; monitoring and evaluation; 
sustainability. 
 
ABSTRACT 
 
Climate change impact will be particularly strong on historic centres of cities, where urban planning is 
a decisive tool for managing this phenomenon, ensuring the integration of sustainability criteria with 
mitigation and adaptation measures. There is considerable experience in introducing sustainability and 
mitigation indicators in urban planning, but there is a knowledge gap about the way adaptation 
parameters are incorporated. Adaptation is an iterative process that calls for close monitoring and 
regulation review in order to ensure its effectiveness. The variability in the climatic effects in the long 
term requires an increment in adaptation measures that are only controllable through adequate 
management of their evaluation. The definition of indicators could increase the resilience capacity in 
cities. If there are parameters in the planning process about green areas and public facilities, why not 
define specific adaptation parameters in urban planning?  
The increase in risk due to new extreme events implies that those adaptation strategies that have been 
reflected in scientific literature for many years must now be incorporated in terms of urban planning 
legislation. In this context, a separation has been produced in the definition of those urban projects 
related to sustainable environment and those that are specific to strategies of mitigation and adaptation 
on historic centres. This work reviews the recent experience incorporating indicators and parameters in 
urban planning as adaptation policies in order to contribute to their integration in city planning, based 
on previous knowledge. The application of these indicators in different case studies allows us to verify 
how the sustainability parameters are valid when applying adaptation strategies. 
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ABSTRACT 
 
The analysis of documents and records from the post-earthquake period of 1755 in Lisbon, one of the 
largest seismic events in Europe, is still a very relevant source of data to better understand the effect of 
large seismic events and to support decisions at the level of urban management and territory. The present 
investigation analyzed more than 106 reports of 1756 and 1758 for the Alentejo region. The mapping of 
intensities according to the modified Mercalli Scale produced by the present investigation for the 
Alentejo region, with preponderance over the border areas of the Alto Alentejo, shows that there were 
areas of greater damage in 15 municipalities and reveal differences in relation to the Mapping of 
Isosssites of Portugal in the specific region and therefore should be areas with specific measures for 
seismic resilience. The study presents the main damages, in the most mentioned typologies of Churches, 
houses, walls, castles and convents. From the analysis of the data, it was concluded that the highest 
buildings (churches, walls, castles and convents) were the ones most affected by the earthquake of 1755 
in the Alentejo, with special emphasis on the protruding volumes of the buildings. Therefore, the 
evaluation weighting of the building with these characteristics or with greater height or volumetric 
irregularity must be implemented. Special measures to improve the connections of singular elements to 
the building is a preventive action to be implemented. Measures to support the maintenance, 
conservation and rehabilitation of the old or pre-1980 building should be promoted, since one of the 
conclusions is that, regardless of the construction system, the good state of conservation of the buildings 
is crucial for a better performance in case of earthquake These measures should take into account the 
characteristics of the building, the social engagement and be included in the Areas of Urban 
Rehabilitation (ARU’s). 
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ABSTRACT 
 
Portobuffolé is a small, historic town in the Veneto region that is surrounded by the lush green 
countryside of north-eastern Italy. The paper concerns an area situated on the edge of the town, which 
adjoins the main piazza on one side and overlooks the rich vegetation outside the inhabited area on the 
other. A large factory is located in this area whose type, purpose and physical presence dramatically 
clashes with the town’s characteristic urban fabric that dates back to the period between the Middle 
Ages and the eighteenth century. The factory was closed some time ago, further emphasising the urgent 
need to reconsider the area, with a view to making it more suitable for the context. It could serve as a 
bridge between the town and its surrounding nature, or it could restore the barrier previously formed by 
city walls that were demolished to make space for the factory. The paper refers to the municipality's 
considerations on the subject, and the impact it could have on the town’s revitalisation. At present, the 
town is rarely visited by tourists and this is partly due to its decentralised position. The establishment of 
a new centre of attraction aimed at both residents and tourists could help address this issue. The paper 
includes the results of students’ workshops developed in the framework of the courses on “Architectural 
and Urban Composition 2” taught on the master’s degree in Architectural Engineering at the Department 
of Civil, Environmental and Architectural Engineering of the University of Padua, academic years 2015-
16. The industrial area inside the walls is an opportunity to redesign the lost unity of this historic part of 
the town. Progressing from the study of how the area has evolved through time, students had to define 
new proposals for the area that involved testing new building types.  
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ABSTRACT 
 
This article proposes a reflection on the implementation of the Capixaba Avenue as a structuring element 
of the urban fabric in the historical center of Vitoria-ES/Brazil. At the beginning of the twentieth century, 
the modernization of the central areas translated the modernist spirit into Brazil. Under the influence of 
the urban reforms promoted by Haussmann in Paris, an inclusion of major avenues was a main option 
to reorder a road network and to restructure urban areas with still colonial characteristics. In Rio de 
Janeiro of  Pereira Passos, the Central Avenue was configured as the structuring axis of the republican 
city after a significant part of the pre-existing urban fabric was destroyed. In Vitória-ES, Florentino 
Avidos continued with the reforms initiated by its predecessors, completing the opening of Avenida 
Capixaba in landfill areas on the sea. The opening of Avenida Capixaba, currently Jerônimo Monteiro 
Avenue, reached modernity’s dream and provided the territorial growth for the areas northeast of the 
capital, in the region of beaches until then practically unoccupied. This paper intends to analyze the role 
played by the Capixaba Avenue as a vector of urban expansion in Vitoria, capital of the state of Espírito 
Santo. The methodology adopted consists of bibliographic and documentary research in primary 
sources, more specifically information contained in Government Reports, iconographic research in 
books and websites, comparative analysis with the opening process of Avenida Central, in Rio de 
Janeiro. As a result, it’s possible to note that the opening of Avenida Capixaba is based on speeches and 
arguments that highlight the importance of the avenue as a vector to structure a territorial space. 
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ABSTRACT 
 
DomusSocial is promoting urban and housing rehabilitation in the Historic Center of the city of Porto. 
The process began with some assets belonging to the former Comissariado para a Reabilitação Urbana 
da Área de Ribeira/Barredo (CRUARB) and the extinct Fundação para o Desenvolvimento da Zona 
Histórica do Porto (FDZHP), in an attempt to extend the spectrum of public housing policies regarding 
leasing programs on a supported income basis. 
In a first phase, 17 buildings will be the subject of intervention giving rise to 11 different operations. 
These buildings were built between the XVIIIth and the beginning of the XXth century and have 
morpho-typological characteristics that we identify as the typical "Bourgeois House". 
Two projects will be analyzed representing different realities due to their original condition: intervention 
in an isolated building and a joint intervention in a set of contiguous buildings. 
It is intended through a comparative study of the operations in question to establish intervention 
parameters that will allow the definition of an intervention strategy for public housing heritage. 
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ABSTRACT 
 
Architecture surrounds us daily. We notice low-rise buildings and high-rise buildings, big and small 
edifices but we hardly ever notice their design or beauty, not to mention their surroundings, the urban 
interior where they are situated. This also applies to contemporary architecture. The paper suggests 
focusing on objects that function as museums, especially modern art museums which become 
characteristic features in urban space and to which urban systems are subordinated, e.g. Frank Ghery’s 
Bilbao centre. 
This function has become important and distinct over the last two centuries. That is why it is placed in 
objects whose architecture is special: sometimes extravagant and often monumental in scale but always 
significant on an urban scale. It is because  architecture is not only a costume or a shell enclosing any 
odd interior. It forms an integral part of the urban context which is an important pretext for making it 
happen. It is also a composition of volumes, their forms, functions, light, the idea contained within the 
entire object, and first of all, its subjective perception analysed in terms of directing public attention to 
particular objects with a view to making them distinct. 
The paper presents an analysis of some examples of European museums of modern art – including some 
Polish ones – as significant architecture which is a key component on the scale of a city or its fragment.  
The aim is to stress the importance of the activities of local authorities and architects and the decisions 
they make for the development of  downgraded urban areas. 
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ABSTRACT 
 
Albaicín is an important neighbourhood with a medieval origin and constitutes an emblematic location 
in Granada. It is located at the bottom of Cerro de San Miguel and built under the protection of the 
Alcazaba. It holds lots of significant places in its plan in which an empty urban area stands out from the 
rest. It is surrounded by the medieval wall of the old Alcazaba and the residential area of the 
neighbourhood between Puerta de Monaita and Arco de las Pesas. 
It is a space without life that it is isolated from the city. This unused enclosure holds archaeological 
remains and an uncontrolled garden in which big trees, bushes and invasive species coexist. In addition, 
it is recognized for its high historic and landscape value thanks to the existence of the Almohade 
medieval wall (s.XII) and its proximity to buildings with a high patrimonial interest. Moreover, from 
this vantage visitors can enjoy magnificent views of the landscape of the city of Granada. 
The aim of this proposal is to restore the place as a public garden, taking care of its initial patrimonial 
and landscape value. This is achievable by means of the integration of the garden in the urban planning 
through the connection with adjacent ways and the creation of internal routes to develop a relation 
between this area and other gardens and buildings included in the architectural heritage of the city. This 
work is focused on two more objectives. The first one is the elimination of recent constructions that 
turned into invasive for this area, taking advantage of the proximity with the garden “Carmen de las 
Maravillas. The second one is the proposal of a new building in this place to mitigate the lack of 
equipment in the neighbourhood. 
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ABSTRACT 
 
The second half of the twentieth century in Spain required a quick a response to the deficit of dwellings 
after the period of autarchy during Franco’s dictatorship. This response was possible thanks to a large-
scale approach to massive housing construction. This model required the definition of some minimums 
and put the focus in low-cost physical constructions and important payment facilities given to the 
purchasers. 
In this context, the construction solutions provided are elementary, if not deficient, not contemplating 
the singularities of every project according to location, orientation, urban planning, or local resource 
possibilities for its execution. In this framework of the mid-twentieth century, the construction 
companies were nevertheless able to respond with some immediacy to the demand for housing in the 
terms established by the Ministry of Housing. 
Some of the developments erected followed the new tendencies of the modern movement and today they 
are of cultural interest, with identification of levels of protection for their architectural intervention. 
The resulting dwellings today present serious problems in terms of comfort conditions, habitability and 
energy efficiency, which demand urgent intervention. 
In this work, we have identified the residential complexes built in Seville and a documentary review 
according the standards with which they were built, was done, in order to assess energy obsolescence 
and to establish energy rehabilitation criteria in accordance with current regulations. 
The results obtained will allow the establishment of rehabilitation and energy efficiency criteria for this 
type of buildings, focused on the envelope, with a methodology that can be applied to other actions 
carried out in similar areas and adapted to the residential complexes built in Spain in the 1950s. 
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ABSTRACT 
 
This paper aims to investigate the publicity interventions in the architectural heritage located in state of 
Alagoas, the city Maceio, in the Preservation Sector (SPR-1), which has rules regarding the construction 
of the Special Preservation Zones (SPZs) established by Master Plan of Maceio in 2005. This research 
will investigate the possible failures of the Secretariat for Territorial Development and Environment 
(SEDET) regarding the supervision and enforcement of laws. 
For development this work, the municipal legislation n. 4.545 / 1996 (General norms of protection to 
the patrimony or urban groups in which the SPZs is part), Law No. 3.538 / 1985 (Code of Postures of 
Maceio) and Municipal Law 4.954 of January 2000 were explored. 
With the studies, it was observed the need to create a Cell Phone App, an instrument that could help 
society and the competent body to understand and care for the architectural of Maceio, how to encourage 
complaints, irregularities and possible failures of inspection of ads property located in the commercial 
Center of Maceio. 
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ABSTRACT 
 
The financial crisis that is devastating Spain since 2008 has caused a relative increase in the renovation 
activity in comparison with the new building one. As a consequence, the public administrations have 
assembled financial measures in order to encourage the renovation sector since it is a dynamic factor for 
economy and employment. However, these measures lack effectiveness when the upwards deviations 
between the estimated cost of the works and the real one have been verified. This proves that the budget 
calculation methods which were relatively successful for new building, do not work as expected when 
applied to renovating an existing building. 
This paper explores the factors that give rise to cost deviation in restoration projects, which is not only 
affected by the building-specific activities, but also by the great influence of the building’s environment. 
This explains the lack of accuracy in the traditional budget calculation models when applied to 
renovation projects. 
A thorough analysis of finished real restoration works of buildings in Caceres town has been carried out. 
The real budgets were known and they were made in a period of 10 years. This will allow the assessment 
of similarities and the detection of the different circumstances surrounding the works. These differences 
will explain the cost deviations in similar constructions works. As a result, we have achieved a 
mathematical model that reveals the influence of the different variables that clarify the final cost, and 
that arises as a powerful cost-control and initial budget deviation tool for restoration works.  
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ABSTRACT 
 
In general the singular buildings, for his own nature, have to confront a superior Global Cost to those 
that we can consider to be ordinary or normal. The Global Cost (Cg), in agreement with the cost theory 
for Anticipation it will be composed by four addends: Cost of the area, honorary permission licenses 
and other previous costs (Cp), the Cost of investment or cost of construction of the building (Ci), the 
Cost of Operation which includes the maintenance, consumptions cleanliness and others relative to his 
useful life (Co), and finally the Cost of demolition and recycling of the building (Cr) up to returning the 
materials and the area, if necessary, to the original nature without any damage. 
Our paper investigates on the Costs of Operation (Co) looking for formulae that allow to invert the 
process and therefore to transform them into positives, that is to say income. In general lines the income 
can be considered to be initially grouped in two big families: intangibles, by means of a politics of iconic 
buildings that turns the building into an image of guaranteeing and/or generating of income in the way 
of tourism or prestige and tangible, more immediate as the sale of tickets, products of merchandising, 
cinematographic concessions and image rights. Both strategies must be already contemplated in the 
functional program of the initial project and assumed by the social sectors and leaders of the affected 
environments. 
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ABSTRACT 
 
Starting from a master's thesis in Building Engineering and Architecture on the Restoration of a disused 
building in the old town of Salerno, Palazzo San Massimo, it has been attempted to develop a 
methodological evaluation for a pre-feasibility analysis of the interventions of recovery and upgrading 
of the buildings of historical centers.  
The restoration project, intended as a programming of interventions capable of preserving and 
transmitting an architectural good to future generations, seems to find in the "reuse" the key to solving 
the problems associated with the degradation of ancient monumental complexes and the social 
disadvantages typical of the ancients villages.  
The difficulties encountered during the study, essentially related to the preliminary assessment of the 
costs of the recovery operation and, more generally, to the verification of the sustainability of the entire 
reuse project, have highlighted the impossibility of using a traditional approach based on estimation of 
the interventions. In fact, because of the degradation of the structure and the unavailability of funds for 
preliminary investigations, it was impossible to make timely surveys and analysis tools for which it was 
not possible to arrive at a reasonably acceptable estimate of the workings and thus of the intervention 
costs .  
These difficulties have stimulated the setting up of a pre-assessment methodology of reuse projects 
based on an "ensamble" approach and some concepts derived from the quantitative methods that 
generally apply to the predictive analysis of massive "raw" data in heterogeneous and non-certified 
contexts (big data approach).  
The results obtained are certainly promising and open interesting prospects for experimenting with the 
broader methodology as it would allow private administrations and private investors to obtain 
reasonably priced estimates for the prediction of retraining and retrieval strategies of the architectural 
heritage of ancient urban areas. 
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ABSTRACT 
 
This article is a part of the author's masters research, and approaches the concept of errantology 
elaborated by Paola Jacques in his book Praise to the Wanderers. Wandering narratives are characterized 
by their resistance to the process of anesthetization and domestication of experience unleashed by the 
capitalist system. 
The word alterity is formed by the junction of the Latin radical alter - other - with the suffix dade that 
indicates condition or state, that is, otherness can be defined as the experience of difference. This 
experience has been suffering constant attacks during modernity. 
Wanderers are those who carry out urban wanderings, or rather, an erratic experience in cities that points 
to the experience of urban alterity. His narratives may be viewed as a critical possibility of insurgency 
against impoverishment / loss of experience, or in the contemporary city: the process of 
spectacularization. In this scenario, the wandering narratives presented in this article provide a critical 
arsenal for the understanding of contemporary cities and point to ideas and practices that serve to 
enhance more libertarian theoretical reflections and actions. 
 
 

mailto:regis.guerinifilho@gmail.com
http://www.kaozmatron.blogspot.com/


 
1.- PREVIOUS STUDIES 

1.5.- Social participation processes and socio-cultural aspects 
 

86 REHABEND 2018 Congress 
 

 
 

CODE 40 
 
 

CONSEQUENCES OF THE INFORMAL APPROPRIATION OF MODEST 
ARCHITECTURAL HERITAGE IN COLOMBIA 

 
 

Villegas, María Claudia1* 

 
1: Pontificia Universidad Javeriana, Cali,  

Department of Art, Architecture and Design 
e-mail: mcvillegas@javerianacali.edu.co 

web: http:www.javerianacali.edu.co 
 
 

KEYWORDS: Modest heritage buildings; functional obsolescence; informal appropriation; Cauca 
Valley. 
 
ABSTRACT 
 
Most of the heritage buildings in Colombia considered as Assets of Cultural Interest of the Nation, are 
characterized by its modest architecture but its immense meaning in a past that defined the country's 
possibilities of progress, however in many cases its original use has been modified or in some cases has 
become obsolete. This obsolescence and abandonment of the building and its surroundings, generate a 
phenomenon of illegal appropriation by third parties for housing, single family or multifamily purposes, 
small businesses or even for criminal purposes such as the sale of narcotics and prostitution. 
The analysis of 93 heritage buildings in the Cauca Valley based on a comparison method was made  to 
determine the characterization and differences in the cases of; abandonment without appropriation, 
informal appropriation and formal appropriation for new uses. 
The object of study is the set of buildings declared property of cultural interest (BIC) of the department 
of Valle del Cauca. For the study the buildings were divided into four groups according to the use for 
which they were built: (a) religious, (b) institutional, (c) housing, (d) railway. The result of this analysis 
tries to expose the consequences of the informal appropriation of the buildings belonging to the so call 
modest heritage buildings.  
Elsewhere in Colombian territory similar goods are found under the same conditions, where the 
fundamental characteristic is the modesty of buildings in scale and magnitude. In some cases the 
consequences of this appropriation are very negative, they lead the building to greater deterioration. 
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ABSTRACT 
 
The loss of inhabitants in small villages of Cáceres (Spain) province has been aggravated with the 
economic crisis arrival. This phenomenon generates an aged local population whose capacity to 
rehabilitate properties is reduced. Still, at present, the conservation and maintenance of the greater part 
of the inherited popular heritage depends largely in local people through specific actions. 
In this paper, are studied several cases of rehabilitation of properties with different types of heritage 
value (buildings or elements from XV to XIX century), in protected historic centers of Cáceres province. 
It is based on several common parameters: the temporary environment coinciding with the economic 
crisis appearance (2007-2012), the social and cultural ambience of the local population, the ruinous 
states in which the buildings were previously to the intervention and the architects in charge of carriying 
out the projects and rehabilitation works. The other conditions are diverse, from the purely economic, 
to the education and taste of the promoters, going through the future use of buildings, the agents involved 
in each of the processes, the exact location of the properties and the historical heritage inheritances. 
After analyzing the diverse results it is concluded that the local private promoter as a natural person is 
a key figure in any process of buildings rehabilitation with heritage value in the protected historic centers 
of Cáceres province, depending a priori on its sensitivity to the inherited property and its desire to 
recover their characteristic elements to achieve a respectful intervention with the built heritage. 
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ABSTRACT 
 
Rooftop gardens can bring interesting benefits to an existing building: improvements in the building's 
thermal response; acoustic properties; regulation of rainwater; in mid-city, they reduce the heat island 
effect; help to maintain biodiversity; and transform landscape elements into new spaces of coexistence 
and quality of life in the urban environment. 
Many aspects of these solutions have already been extensively tested in laboratories, but there are few 
in situ experiments in which the performance of various proposals offered by the market can be observed 
in real conditions, such as those in the Mediterranean basin with abrupt temperature changes and intense, 
sporadic rains punctuated by seasons of drought. 
In order to understand performance of rooftop gardens in real conditions of the Mediterranean climate, 
we carried out the experiment presented herein over the course of 18 months (February 2015 to mid-
2017). We studied the behaviour of various rooftop garden solutions and converted the rooftop of an 
existing building into a living lab. We tested various different parameters and gained valuable 
information both for the research groups and the businesses that participated in the project. 
The project also served to identify the barriers that still exist in society in regard to the implementation 
of green roofs as a rehabilitation strategy. Furthermore, we quantified several parameters (beyond the 
usual measures of thermal insulation) including surface temperature of various rooftop solutions using 
a thermographic camera; irrigation patterns; consumption and overload of water; performance of the 
garden layer; the management and maintenance of solutions; as well as the quantification of biodiversity 
and experiences with local fauna. 
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ABSTRACT 
 
The Remnant Quilombo Communities suffer social and cultural consequences of a secular invisibility 
process concerning the preservation of their memory, identity and territory, where the historical and 
socioeconomic context corroborate with a reality that stigmatizes and marginalizes this population. 
Given the construction and organization process of historical heritage in Brazil, there is a gap of 
recognition and safeguard in the sites and monuments related to this traditional people that contributes 
with a scenario of fragmentation of these reminiscences. 
The object of study of this paper, Quilombo Mesquita is located in the state of Goiás, Brazil, obtained 
its certification as a remaining quilombola territory in 2006, however the titling process is not completed 
which contributes to the invasion and irregular occupation of this historical site. In the context of rural 
communities, the relationship with the territory consolidates social, labor, economic and cultural 
relations, where the relationship with the territory consolidates the memory and identity of this 
traditional people 
Therefore, this work aims to present this community from historical process associating the construction 
of traditions and culture through its relationship with the territory - its knowledge and way of living. 
Involving members of the community as actors in this process intends to demonstrate the identification 
of cultural heritage based on the Participatory Inventory methodology (IPHAN) in order to generate 
subsidies for the construction of the heritage education process. 
Thus, the main conclusion is the preservation of this traditional people heritage with social participation, 
through the identification of traditions and ways of living, is a process of valorization and cultural 
construction, strengthening the identity issues of these communities avoiding the fragmentation of 
intangible and tangible heritage and the territory, for an effective process of preservation and 
maintaining an alive heritage. 
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ABSTRACT 
 
One of the main priorities of rehabilitation actions in historical city centres should be the 
preservation of the identity values that characterize those areas. Besides this, the community role 
in this process should not be neglected, since the main target of these interventions are the people 
that live in the historical centres and who should be the firsts to appraise these buildings and 
recognize them as their own. For this to happen, drawing society’s attention for these matters and 
involving them in the decision process is paramount for the success of rehabilitation actions. 
Taking this into account, an event of façade characterization was organised in November of 2016, 
taking place in the city of Viseu and regarding around 500 buildings of its’ historical centre. A total 
of 180 students, teachers and technical experts, mainly in the areas of engineering and architecture, 
participated in this collective action. Around 30 national institutions were represented, including 10 
Portuguese universities. 
A detailed survey involving 200 topics was carried out with the purpose of characterizing the 
buildings’ facades, which were photographed through the outside. This led to the development of a 
photographic database with more than 11.500 pictures.  
Following this event, a specialized team contributed to the analysis of the conservation state of a 
smaller group of buildings (around 170), located in coherent urban areas inside the historical centre.  
The aim of this article is to present the context and goals of the event, as well as the methodology 
and tools developed for its accomplishment. The preliminary results regarding the constructive 
characterization and the conservation state of the buildings are also presented, as well as the 
prospects settled for future actions and remarks regarding the importance of these initiatives. 
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ABSTRACT 
 
This work shows the results of the evaluation of the structural injuries presented by the houses of the La 
Esmeralda neighborhood, located in the Municipality of Amagá (Colombia) by a mass movement of the 
land. The method used for the study included a historical component and a technical component. The 
first one looked for the antecedents of the problem from existing primary sources and the second focused 
on the description and analysis of the injuries in the dwellings. With the information obtained, a 
classification and qualification of the degree of affectation of the structure was made, which allowed for 
the sectorization of the areas of greater or lesser deterioration and to determine the tendency of the 
movement of the land. With this evaluation and the help of the geological, geotechnical, hydrological 
and hydraulic studies, the type of mass movement was determined. 
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ABSTRACT 
 
The Cathedral of Petrópolis, Rio de Janeiro - Brazil, is a neogothic style building, built with the initiative 
of Princess Isabel in the reign of Dom Pedro II, in the 19th century. The temple had its conclusion, with 
the implantation of the metallic tower, in the middle of the XX century and was registered as a historical 
monument in 1980. It is an imposing construction, of great beauty and relevant for the history of 
Petropolis and Brazil. Due to lack of maintenance and inadequate interventions, it presents a series of 
pathologies that endanger its integrity. The construction is based on blocks of stone set on the ground, 
natural part, landfill part. The front underwent foundation repression during the great flood of 1988, that 
is partially stabilished but left to large crack in the building. The lower walls are of stone and the rest in 
massive clay masonry. The stones have infiltration stains, as well as the clay walls and exist too signs 
of leaching and carbonation. On the walls there are concrete shells forming vaults supported by central 
columns, covered by a high roof made of French clay tiles supported by a wooden structure, with several 
pieces in very poor condition. The main tower rests on a reinforced concrete base. Many of the 
galvanized steel sheets that make up the tower feature an advanced state of corrosion, as well as the 
reinforced concrete structures that make up the base. All the decorative elements in armed mortar that 
compose as neo-Gothic façades reveal damages, in some cases the sculptural piece is totally deteriorated. 
This paper seeks to describe a corrent damage survey, to present discussions about repair procedures, 
reinforcement and protection of the structure and decorative elements, aiming at a survival compatible 
with the importance of the historical monument. 
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ABSTRACT 
 
Water with dissolved contaminations is a frequent problem faced in building materials. This factor may 
cause significant degradation especially in case of porous materials. The paper presents the results of 
experiments concerning the influence of salt solution content on the microstructure and thermal 
properties of red clay brick. The inner structure of reference samples as well as the ones subjected to 5, 
10 and 15 sodium sulfate crystallization cycles is analysed by means of mercury intrusion porosimetry 
(MIP). Moreover the relation between thermal conductivity coefficient of red clay brick and its salt 
solution content is investigated. The research is conducted using stationary technique for the dry 
specimens, as well as the ones containing 25%, 50%, 75% and 100% sodium sulfate solution. The results 
confirm the negative influence of salt solution content on thermal properties of brick, whereas data 
obtained by MIP method allows to assume that crystallization cycles have negligible influence on the 
brick microstructure. 
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ABSTRACT 
 
By assuming the importance of obtaining an appropriate quality of life inside buildings, the study of the 
IEQ plays a very significant challenge when analysed, especially in buildings that include a type of more 
sensitive and susceptible population, as is the case children and the elderly. 
In order to maintain an adequate indoor environment for the occupants, with acceptable quality air levels 
and hygrothermal comfort, it is necessary to accomplish several requirements, for instance the limitation 
of the polluted values within the regulatory limits and the limitation of those parameters that influence 
the hygrothermal comfort conditions to ranges of regulated and recommended reference values. 
This paper studies the indoor environment in compartments of buildings that includes child care centers 
and elderly care centers in the city of Viseu. 
The study developed has the intention to characterize different selected rooms and the analysis of some 
environmental parameters, through its continuous records during two experimental campaigns. The 
continuous record focused on the following environmental parameters: air temperature, relative 
humidity, carbon dioxide concentration, total volatile organic compounds and ventilation rates. The 
results obtained are performed taking, also, into account the existing regulations and recommended 
limits, thereby enabling to evaluate the conditions IAQ and hygrothermal comfort present in many 
indoor selected for study. 
For the several case studies were even evaluated the thermal comfort of the occupants, through the 
application of thermal comfort models. 
Based on the conclusions of the experimental campaigns that were already developed, facing the 
hygrothermal comfort problems and the pollutants identified in the indoor spaces, were, also, proposed 
some recommendations, namely in the terms of air conditioning, ventilation and maintenance, in order 
to obtain a general best improvement of the IEQ. 
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ABSTRACT 
 
This paper analyses the effects of humidity on façade claddings based on six expert inspection systems 
that use the same methodology, developed at Instituto Superior Técnico (IST), Universidade de Lisboa 
(UL). These inspection systems are focused on adhesive ceramic tiling, natural stone claddings, wall 
renderings, painted rendered walls, External Thermal Insulation Composite System (ETICS) and 
architectural concrete surfaces. Each system was validated via an inspection program with a significant 
sample, whose statistical results on humidity-related causes are used in this paper. Moreover, the 
analysis compares the association considered in each system between humidity-causes and defects not 
humidity-related. This association was defined in correlation matrices. The main results reveal that 
painted rendered walls have the highest percentage of defects occurring as a probable consequence of 
humidity causes. Of those defects, “biological colonization” and “efflorescence” are the main two 
associated with humidity-related causes. The “accumulation of dirt and debris”, “colour changes” and 
“loss of cohesion/disaggregation and crumbling” were also found to be relevant consequences of 
humidity. 
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ABSTRACT 
 
The construction sector in Spain is one of the ones leading to the most complaints caused by deficiencies 
and user dissatisfaction. The knowledge of the situations leading to the issues, as well as of their impact, 
is doubtless an important factor in trying to reduce analogous situations which may arise in the future. 
This paper focuses on the study and quantification of the pathological processes found in Extremadura 
as relating to the foundations and structure of different buildings of this geographical area. A total of 
108 anomalies were gleaned from the experts’ reports part of court cases with known sentencing. The 
population targeted by the analysis corresponds to 100% of the data existing in the provinces of Badajoz 
and Cáceres for the years 2008 to 2013. 
During the research, the different causes leading to said anomalies were analysed, with a total of 24 
types of causes having been found, manifested in a total of 15 different construction elements (7 in the 
foundations and 8 in the structure). 
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ABSTRACT 
 
During their life cycle, buildings and their components must fulfil a set of complex requirements, in 
terms of a minimum functional performance to ensure its serviceability. However, as soon as it is put 
into use, the buildings’ tangible deterioration process begins. Buildings and, especially their facades, are 
the elements more exposed to external degradation agents, influencing the physical vulnerability of the 
building throughout its service life. The weak management of existing public funds for the conservation 
of real state requires a more rational approach to decision-making. In this way, periodic monitoring and 
maintenance of building coverings should be considered as an integral part of building management, 
especially in environments with high exposure to aggressive environmental agents that trigger biotic 
pathologies in coatings, which can be extend to the structure. This study identifies the main anomalies 
that can occur in facades with wood claddings, analysing the related causes and estimating the influence 
of pathological situations in their degradation. In this study, a first approximation was carried out, 
analysing a total of 50 wood coatings located in the city of Valdivia, southern region of Chile. The 
degradation conditions of the facades are evaluated through visual inspections. A statistical analysis of 
the resulting data was performed, providing relevant conclusions that could lead to actions to prevent 
the degradation of this type of coatings. The aim of this study is to give a first look at real estate, but 
also indicates that to consolidate the public space in question requires an integral and coordinated action 
between the central government of the country, regional and municipality, which until now has not 
happened. In this sense, this approach can be important in the implementation of programs of preventive 
conservation in groups of buildings with homogenous constructive characteristics. 
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ABSTRACT 
 
Inspection procedures are part of an adequate maintenance plan to extend the service life of 
buildings. They should follow a standardized and systemic methodology, such as the one developed 
at Instituto Superior Técnico (IST), Universidade de Lisboa (UL), in a set of individual inspection 
systems focused on single building elements or materials, such as natural stone claddings, window 
frames and claddings of pitched roofs. These systems were based on experience and on a literature 
survey, which supported a classification of defects, as well as other characterization parameters, 
that were validated through the field work. This set of inspection systems is a reliable basis to 
generate a global building inspection system, whose components should have a uniform level of 
detail. One of those components is a single classification of defects. The creation of that list of 
defects should be guided by specific criteria, considering not only the name of the defects, but also 
their definition within each partial inspection system. This unified list of defects should be concise, 
identifying visually detectable phenomena, and applicable to various building elements and 
materials. An excessively detailed list would not be pragmatic, but a list too simplified might not 
reflect the degradation specificity of each situation. It is expected that the proposed list of defects 
is a balanced commitment between detail and conciseness. The development, risks and strengths of 
this unique standardized tool to assist building inspection procedures are described in this paper. 
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ABSTRACT 
 
This paper deals with a singular case of pathology of contemporary masonry structures, including its 
diagnosis and its repair works. 
The appearance during the execution of the work of a group of injuries among which stood out a group 
of horizontal cracks in a building destined to a detached house caused the paralysis of the work and a 
judicial confrontation between the agents involved in the work in which one of the authors of these lines 
acted as a judicial expert. The judicial sentence assumed the arguments presented in our expert opinion 
and opened a process resulting in the order for the execution of the repair and the completion of the 
work. 
The horizontal cracks referred to, whose description did not appear in any known treaty of pathology, 
were located halfway up the four corners of the upper floor of the building, rectangular in shape. This 
building had masonry structure made of concrete blocks and unidirectional reinforced concrete slabs, 
gable roof and 'cavity wall' type facade, with a inner bearing sheet made of concrete hollow blocks, and 
a double hollow brick exterior sheet, tied to the inner one by means of metallic keys. 
Given the uniqueness of the cracks, the diagnosis was a meticulous work in which proceeded by 
discarding all possible causes to identify the determining cause, based on the appropriate numerical 
models. Before proceeding with the repair works, the building was controlled by means of plaster 
witnesses to contrast the hypothesis in which our expert opinion was based, evacuated with the haste 
imposed by the judicial authority. It was verified that indeed the cracks were not active. Once this fact 
was established, the repair was carried out without major problems. The delay in the completion of the 
work allowed the follow-up of the repair for almost two years. 
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ABSTRACT 
 
Most of the existing school building in Chile were built, as part of public policies for modernization of 
the State, between the 40s and 80s of the twentieth century. These buildings, have exceeded their useful 
life in more than 30 years, however, they continue to function as such, resisting constant earthquakes 
and environmental conditions, with minimal or no maintenance resources. 
The architectural production of the public schools was carried out by the “Sociedad Constructora de 
Establecimientos Educacionales” during those years. They went from 1937 to 1985, the in charge of 
managing, designing, executing and maintaining these educational spaces. Of the works done by them, 
can distinguish two stages in architectural models; the first one, with singular buildings carried out in 
solid structures of concrete and reinforced brick masonry. The second stage of serial, modular and 
prefabricated works of steel and concrete. All buildings fulfilled seismic norms, existing since 1930 in 
our country. 
We can see, that the construction of the first period have presented some structural damage of seismic 
origin and those of the second period an evident physical-chemical deterioration, according to the 
diversity of its components. 
Based on this situation, the research is carried out comparing the behaviour of these premises, against 
the repeated seismic actions and the conditions of environmental deterioration. The failures, damages 
and harmful processes, were analysed, based on direct observation and non-invasive instrumental 
measurements. 
In this instance, the results of the comparative analysis between 6 school building in the Valparaíso city 
are presented. They are located on the Pacific Ocean coast, and has suffered, at least 7 earthquakes 7.0 
magnitude, and two 8.0.magnitude, since 1940 to date. 
This research is funded by the National Fund for Scientific and Technological Development, 
FONDECYT. 
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ABSTRACT 
 
This paper presents results from real deck roofs with polyolefin waterproofing membranes in the Iberian 
Peninsula, after an exposure period ranging from 9 to 14 years; these exposure periods correspond to a 
minimum of 2207 hours exposure to sunlight (La Coruña) and a maximum of 3381 hours of exposure 
to sunlight (Seville). The aim was to investigate the degradation due to the UV radiation together with 
wetting-drying and freeze-thaw cycles in the actual conditions (as built). This constitutes a difference 
with respect to the most widely employed accelerated ageing tests, which cannot consider all the 
parameters affecting the degradation of the plastics. The results were obtained from 70x70 cm samples 
of each deck which were analysed in the laboratory. Five different environmental conditions were 
evaluated, corresponding to five different regions of the Peninsula. The samples were compared with 
non-aged products of the same characteristics. With the only exception of the samples collected in 
Seville, in which initial cracking patterns were observed, all the other membranes were found to be 
unaltered after the considered exposure period. It was concluded that the durability of the polyolefin 
membranes is adequate in terms of the UV radiation, which is one of the most important factors affecting 
deck roofs in Spain. 
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ABSTRACT 
 
That wood is a material with a high durability is doubtless. However this feature is hugely influenced 
by water. In fact, when the moisture content of the timber element exceeds 20%, the wood is exposed 
to the attacks of xylophagous organisms, such us rot fungi and termites. 
The risk of affection and the level of damage are increased with the moisture content until the Fiber 
Saturation Point (PSF). This parameter that slightly varies depending on the species, is always around 
30%. From this value it is considered that new contributions of moisture will not vary the intensity of 
the attack. 
Fortunately today the measurement of the moisture content in timber elements is carried out simply and 
reliably enough by means of xylohygrometers. Despite this, there are still a quite important number of 
failures in timber structures due to the lack of use of these devices; or by improper use of them. 
The paper analyzes the collapse of a white oak wood roof structure after only two years since its 
assembly, due to the combination of a series of mistakes associated to the determination of the moisture 
content; in particular, the use of unsuitable equipment, omissions and inconsistencies in the test reports 
issued upon receipt of timber, the incorrect interpretation of these reports, and finally, errors in decision-
making on the definition of protection treatment. The paper includes the use of destructive tests and 
NDTs, which were used to estimate the origin of the pathological process and the level of damage of the 
structure. 
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ABSTRACT 
 
Coverage is the most exposed part of a building and also the one that suffers most from climate change 
and hail action. The southern region of Brazil is exposed annually to weather such as hail and wind, 
which causes the roofing and damaging of roofs of many homes. The most used tile in the South of 
Brazil is the one made of fiber cement, due to the low initial cost and because it’s possible to find that 
tile in different dimensions. According to NBR 7196: 2014 [1], the tiles must withstand the action of 
wind and rain, in addition to bending stresses arising from their own weight. 
According to SANTOS (2016) [2], hailstorms of about 50 mm in diameter are recorded in the southern 
region of the country, which is not consistent with the normative test of NBR 7581-2: 2012 [3], as well 
as NBR 15575-5 [4] because the diameter of the test ball required in both standards is only 25.4 mm (1 
inch). In contrast, ASTM D 3746 [5] specifies in its hard body test the impact sphere shall be of ice, cast 
with the aid of a hail-throwing device, produced with compressed air, in addition to its size diameter of 
50mm, thus reproducing the closest impact of the reality of heavy hail rainfall that occurs in the Southern 
Region of Brazil. 
In order to prove that the tiles that are marketed in Brazil do not resist the hail rain of the southern region 
of the country, the mechanical strength of the fiber cement models of different thicknesses was studied, 
as well as a type of tile considered sustainable as regards rainfall of hail, mainly comparing the 
requirements of Brazilian standards in relation to international standards, in order to discuss the test that 
is being demanded by the standard of performance that is currently in effect for the entire national 
territory. 
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ABSTRACT 
 
Nowadays, it is important to raise awareness and influence our society to the rehabilitation practice of 
buildings once that are increasing the number of poorly maintained and unusable buildings, deteriorating 
the visual image of our cities. In this way, rehabilitation has been increasing value and interest in the 
way of revitalizing and improvement the aged houses construction in Portugal. 
This paper presents as a contribution to the study of intervention concepts in social housing buildings, 
having as case of study the neighbourhood of Pereiró, it belongs to a master social housing plan “Plano 
de Salubrização das Ilhas do Porto” and “Plano de Melhoramentos” from 1956 to 1966, in the city of 
Oporto, Portugal. 
In a first phase, this work makes a summary of the history, morphologic, social and constructive 
relationship in architecture of the neighbourhoods of social interest in Oporto developed up to the date 
of the study case, followed by an analysis of the building under study and surroundings. 
In a second phase, the case study is exposed with the aim of the proposal of rehabilitation of the existing, 
facing the evaluation of the pathologies. It is made a technical inspection of the building and respective 
evaluation, evaluation of the thermal insulation quality and household surveys. 
Knowing the main anomalies of the construction, it became possible to develop a rehabilitation solution 
focused in correcting them. With a diagnostic and a constructive framework done of the building and its 
surroundings, it improves not only the architectural space, but also, and mainly, the thermal quality of 
the construction and the convenience of the residents. 
 
  

mailto:didiasferreira@gmail.com
mailto:joao.lanzinha@ubi.pt
mailto:abc.infohabitar@gmail.com


 
1.- PREVIOUS STUDIES 

1.6.- Construction pathology 
 

REHABEND 2018 Congress 105 
 

 
 

CODE 129 
 
 

BIOLOGICAL CONTAMINATION OF CULTURAL HERITAGE 
 
 

De Billerbeck, Virginia Gisel1*; Pages, Jacques2 
 

1: ELIOS Cabinet conseil, 75015 Paris, France 
e-mail: labo.elios@free.fr 

2: BioDev’mlhl, 34610 Rosis, France 
e-mail: biodev-mlhl@laposte.net, web: www.biodev-mlhl.org 

 
 
KEYWORDS: biodeterioration; diagnosis; heritage monuments; cultural properties; data cartography. 
 
ABSTRACT 
 
This paper presents the problem of biological contamination of cultural heritage (historical buildings 
and cultural properties), and the methodological approach to determine the causes of the deterioration 
and to propose solutions. During the preliminary diagnostic phase, samples are taken in situ and 
biological analyses are carried out in the laboratory to identify those microorganisms which are 
responsible for the biodeteriorations. Concurrently, a measurement of the moisture at the surface of the 
materials makes it possible to know the environmental conditions inside the building. The data collected 
(biological, environmental, and sanitary conditions of furnishings) are spatially referenced in situ and 
then recorded on a cartographic layer. The map of the surface materials humidity is superimposed to the 
map of the biological contaminations, so as to visualize the risk zones to be controlled or treated. Three 
case studies are presented here to illustrate different agents of biodeteriorations: the colonisation of a 
church’s stone façade (Notre-Dame-de-Pitié, France) by photosynthetic organisms (cyanobacteria, algae 
and lichens); the degradation of a parquet (Sainte-Hermine Church, France) by a formidable “dry rot” 
fungus; and the attack of wooden furniture (Saint-Bonaventure Church, France) by xylophagous insects 
and molds. Different treatments are proposed according to the biological organisms identified and the 
nature of the materials to be treated. Recommendations are made for preventive measures that are both 
simple and inexpensive, so as to avert biological contaminations. 
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ABSTRACT 
 
During the second half of the 20th century, a large number of buildings with a masonry fairface brick 
façade has been built. In spite of the huge accumulated experience over the years, pathology still appears 
in this types, moreover, this pathology is abundant and varied. 
This paper presents the general pathology that affects this typology of façades, and presents the case of 
a singular brick façade, that appeared in a building built in the 50s of the 20th century. The façade of 
this building was completely rehabilitated in 2006, and several years later, some crackings that resulted 
in the fall of brick fragments of facade to the public highway appeared. 
Several test were realized to determine the causes of the phenomenon. These tests included chemical 
physicist tests of the brick (to determine the chemical composition of the bricks and its degree of 
cooking, determination of its thermal dilation coefficient, etc.) and mechanical tests to determine its 
resistance and Young modulus. Apart from those, different numerical models were done in order to 
compare their results with those obtained in the mechanical tests. 
Once the cause of the pathology was determined, several solutions of reparation and restitution were 
analyzed, and several tests were carried out in order to determine the optimum solution. To do so, 
individual pieces were tested, by doing several tests as rapid aging and a frost/thaw test. Lastly, several 
walls of low height were built with 3 proposed solutions. These walls were tested to compression to 
determine the ultimate load of the repaired system. 
Due to the results obtained at the tests, it can be concluded that the three proposals of solutions are 
feasible, both economically and technically. The proposed solutions were used in the final reparation of 
the studied façade, depending on its adaptability to each zone. 
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ABSTRACT 
 
The restoration of the facades was part of a project for overall enhancement of the Palace of Queluz, the 
most important Portuguese baroque palace, started when the management of this national monument 
was entrusted, in 2012, to Parques de Sintra. The project was developed for both conservation and 
aesthetics purposes, to bring back the chromatic harmony and integrity of the exterior coatings. The 
walls of Palace, mostly built in the second half of the 18th century, had a great diversity of colours in 
the exterior renders, varying between the pink, the orange and the yellow, and between green and blue 
in the doors and windows, having lost the original colour and reliefs after several previous interventions. 
Laboratory analysis of samples of the original mortars confirmed that these were traditional lime-sand 
with a grey-blue pigment, confirming a watercolour drawing dated from 1836 which shows relief frames 
with panels of yellow colour over blue bases in some facings between doors. The limestones of Lioz 
and Ançã used in the decorative carvings were also in need of conservation for the cleaning of biological 
colonization, filling of gaps and repointing of joints. The prescriptions for the restoration of doors and 
windows followed specific rules regarding the type of timber and the extension and depth of the 
intervention. The work was carried out in order to recover, whenever possible, existing materials, 
reducing the replacement of elements and ensuring authenticity of the treated objects. 
This paper presents the intervention strategy followed in all its extension, from the historical 
investigation and laboratory analyses to determine the original colours and decorative mouldings, 
through the survey of the state of conservation of all the facade elements, until the definition of the 
methodology of intervention and technical solutions, based on criteria such as the respect for authenticity 
and compatibility with pre-existing materials. 
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ABSTRACT 
 
Buildings of modern movement, as a part of recent history, have become a subject of focus both in the 
world and in Turkey, in order to protect and preserve examples with heritage value. Additionally, studies 
on retrofitting them are also made, especially in relation with environmental sustainability concerns. In 
both cases, detection and diagnosis of the defects and failures occurring at these buildings is an important 
step to protect them, and improve their performances. 
Building facade that is a part of building envelope is affected from exterior environmental factors such 
as wind, temperature changes or rain, and defects and failures may occur due to physical and chemical 
changes resulting from being exposed to location specific exterior conditions. The defects and failures 
observed may also vary depending on the technology used. Therefore, a master’s study is being done on 
defect detection and diagnosis at the facades of Turkish modern movement buildings to prepare an 
inspection model. 
In this paper, as a part of aforementioned study, preliminary outcomes based mainly on literature review 
are presented. In this respect, facade characteristics and technology of Turkish modern movement 
buildings, defects that may occur in one of the commonly observed technology, i.e. in rendered facades, 
and some of the available inspection methods to detect these defects are presented respectively. Finally, 
the preliminary inspection template generated is introduced briefly. 
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ABSTRACT 
 
A study of moisture pathologies in a modern residential multifamily building is presented. The 
construction is located in northern Spain and it was built under the regulation NBE-CT of 1979. After 
the appearance of some moisture problems in the façades, three complementary studies were conducted 
to analyse the situation of the envelope and diagnose the best improvement possibilities. 
The first study monitored the indoor conditions of temperature and humidity in the apartments with 
moisture issues in the walls. That way the occupancy, heating operation and natural ventilation were 
analysed during 40 winter days. The second study monitored the thermal envelope performance, 
measuring the heat flux and the inner and outer surface temperatures. This allowed to measure the real 
thermal insulation and thermal mass of the walls and thermal bridges effect in order to assess the risk of 
interstitial condensations under the real conditions of use. The third study consisted of an infrared 
thermographic survey, carried out from the outside and from the inside of the building. The irregularities 
detected with the IR study helped completing the assessment of the moisture problems. 
This work demonstrates the importance of combining several diagnosis tools. The wrong interpretations 
which would have happened if the complementary studies wouldn’t have been done, are exposed. This 
is a key aspect to diagnose building pathologies and improve the energy efficiency. The steps to find 
out the real causes are explained in detail. Finally, some technical solutions based on ventilation or 
thermal insulation enhancement are proposed, as different ways to reduce the high levels of relative 
humidity indoors and minimize the risk of condensations in the future. 
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ABSTRACT 
 
A dynamic problem that is represented by impact acting on a soil medium (short-period dynamic load) 
is rather different from the case of impact acting on a structure such as a beam or a pile. In the case of a 
pile, the resulting impulsive wave as per Clough and Penzien (2003) shows a standard amplitude, shape, 
frequency, and duration. Therefore, the impulsive load wave is almost of an ideal shape. However, in 
the case of an impact load acting on a soil medium neither the shape nor the amplitude can be evaluated 
by any existing methodology. An experimental study on the behaviour of dry dense, medium, and loose 
sandy soils subjected to a single impulsive load is carried out. Sand models were tested under different 
impulsive energies caused by different falling masses from different heights. Tests were conducted using 
the falling weight deflectometer to provide the single pulse energy. The behaviour of sandy soils was 
evaluating using different parameters, these are; footing embedment depth, diameter of the impact 
footing, density of the sand medium and the applied energy. It was found that the amplitude of the 
resulting force-time history is a function of the degree of confinement on the footing, the embedment 
depth, footing area, density of soil in addition to the energy of impact (falling mass and height of fall). 
The shape of the impulsive wave was found to be, therefore, of mostly a single pulse; with or without a 
negative phase. Moreover, it could be of an ideal half sine wave or a part of half sine wave with a 
nonzero residual inelastic force (represented by the falling weight). 
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ABSTRACT 
 
A case study of condensations in a 1970’s residential building constructed with traditional construction 
materials in Vitoria-Gasteiz (northern Spain) is exposed. This pathology has adverse effects in the 
building such as the increase of the energy consumption and the health conditions in the interior of the 
dwellings become worse. 
As a first step in the study, the interior conditions of the dwellings are monitored (interior air 
temperature, walls surface temperatures at different points and relative humidity) and a non-destructive 
test is carried out to determine the thermal resistance of the building envelope (façade). The temperature 
difference in each measurement point is analyzed and the possibility of condensations in each dwelling 
is determined. 
To complete the study, WUFI® simulation software was used in order to analyze 2 different 
refurbishment solutions (ETICS and ventilated façade solution). Each refurbishment type is assessed in 
relation with the pathologies restoration and possible associated problems are exposed (appearance of 
interstitials condensations and / or molds). 
The final results demonstrate that these refurbishment types do not only suppose well-known energy 
advantages (reduction and better use of it), but they also improve substantially the healthiness within 
dwellings, regarding the hygrothermal parameters. 
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ABSTRACT 
 
The purpose of this study is to evaluate the condition of the building structure of the University Hospital 
(“Hospital de Clínicas Dr. Manuel Quintela”), in order to determine the possible use of the old building 
for the new hospital re-functionalization project. The building is considered one of the more emblematic 
constructions of Montevideo. It was constructed in 1923, it consists of 23-floor building, with a total 
constructed area of 110,000m2. 
The main challenge of the work, was to respond to this problem in a short period of time. For this 
purpose, a methodology was developed which sought to identify:  
i) The main pathologies and to associate them with their causes,  
ii) Structurally compromised areas. 
Based in the study of the existing documents of the building and in a walk through the different parts of 
the hospital, a workplan was determined. The first part of the work considers the future locations of 
some priority areas: Emergency, Surgical, Recovery Center and Cardiovascular Center (14.250 m2). 
Although the basement is not part of these areas, part of it was included in this stage of analysis because 
affectations in this level could condition the stability of the higher levels. In this areas it was done a 
systematical search of existing pathologies, they were included in the construction drawings, classified 
in a severity rank (in order to establish the possibility of their correction and / or repair), identifying 
their causes whenever possible. 
The second stage of the study considered the areas not studied in the first stage and that could be 
structurally critical: the rest of basement, ground floor and roofs (16.000 m2). 
In this way, analyzing the 27% of the surface, it was possible to carry out a structural diagnosis of the 
building, as well as determine the work required to rehabilitate it. 
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ABSTRACT 
 
The Cristo Obrero Church, located in Atlántida and built in 1958, is an exponent building that combines 
the use of reinforced masonry technology developed by the Uruguayan engineer Eladio Dieste and the 
sensibility in the expressive use of the brick in the materialization of a religious program. 
The particular spatiality, the undulating envelope, the subtle use of the light, the bricks bonds and 
textures richness, as well as the use of an innovative structural and constructive system that makes an 
intensive use of local resources, are some of the outstanding values of this building declared in 1998 
National Historical Monument, major recognition and heritage protection at the national level. 
After almost sixty years built and in the framework of the development of a Conservation and 
Management Plan financed by Keeping It modern, a Getty Foundation initiative it has been possible to 
study and analyze the building from multiple disciplines in order to diagnose and propose actions for its 
conservation. 
This article will expose the results achieved by a team of Architectural, Design and Urbanism University 
teachers that worked on identification, location, record and determination of the causes of the main 
pathologies affecting the building envelope.  
This pathologies study is a preliminary step to carry out a diagnosis. It is also a tool to address, in a 
systematic way, the analysis of constructive problems affecting other buildings that make up the rich 
legacy from Eladio Dieste engineer. 
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ABSTRACT 
 
The paper presents the most common pathological problems in facades rendered with mortar, 
investigated in a detailed review of several case studies in single storey, commercial and residential 
buildings. The examined construction systems are infilled frame with non-structural masonry and 
structural masonry. To comment on possible causes and prevention of these pathologies are referenced 
the design recommendations that should be followed in the detail of the facade rendering and the 
execution to increase durability. These recommendations are based on the actual standards in the 
Brazilian building code and several studies on buildings pathology. Finally there are related the 
performance criteria of the rendering, according to the Brazilian standards, and some types of test that 
can be performed in situ or in the laboratory, to evaluate different performance parameters of the 
rendered wall. As a result a “checklist” was developed that evaluates the main performance criteria of 
external renders to be considered to minimize the pathologies, that today are increasingly common, even 
with the large number of previous studies. 
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ABSTRACT 
 
San Ignacio de Loyola Church was built in 1892 in a residential area near the harbour of Getxo 
(Biscay) in Spain. A bell tower is located in the western façade of the church. It was built in a 
sandstone masonry with local ashlars from Berango quarries. Despite being located inside the urban 
scene, the church presents a hard exposure to the sea, due to the topographic characteristics of the 
place. In spite of recent interventions (2004), the tower was showing considerable damages caused 
by evident processes of deterioration. The neighbours were alarmed when some fragments of corbel 
fell from the highest parts of the tower, impacting the pavement of the public square. 
This article aims to expose the restoration process carried out during 2016-2017, starting from the 
previous studies of petrological characterization, damage analysis and identification of pathological 
processes. The article exposes the objectives, methodology and results of the restoration project and 
the conclusions drawn from the whole process. 
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ABSTRACT 
 
An analysis of the “Colonia de Tercio y Terol” (1940) of Madrid, an example of social housing of the 
first half of the 20th century, is made in terms of its structure, facade and roof from a constructive point 
of view, taking into account the requirements of the Spanish Technical Building Code (CTE). The 
analysis methodology is divided into: 
 
a) Documentation of the original situation, 
b) Verification of the CTE (Basic Documents SE Structural Safety and HS Health), and 
c) Constructive pathology. 
 
The analysis leads to the conclusion that obsolescence is relative and timely. It does not affect load-
bearing structures, and as far as pitched roofs, we must indicate that the CTE is not very clear in the 
demands of that kind of covers. The analysis from the thermal point of view could introduce new 
parameters, which would condition more radically the possible obsolescence, if the requirements 
regarding the permissible transmittance of the envelope are not adopted and taking into account that 
“Tercio y Terol” is a homogeneous ensemble protected as a historical development 
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ABSTRACT 
 
This article shows as a case of study a building at Santa Fe city (Argentine), cataloged as National 
Historical Monument. Its construction, with numerous interventions at different times, dates back more 
than two centuries. The functionality and physiognomy of the building have changed over time; having 
been used as dependencies of services, housing, government offices, until the present, where the Archive 
of Province Government was located. 
Restoration and maintenance work was carried out periodically on the building, but these did not fully 
complete the requirements. Additionally the loads in the structures due to the destiny of the building, 
configures a picture of complex pathologies that seriously affect the construction. 
At the beginning of 2017, part of the structure of a building mezzanine collapsed, leaving others part of 
structure with imminent risk. Consequently, a series of tasks that involved the survey of the main 
structural elements of walls, roofs and mezzanines; and a general survey of pathology indicators, 
classifying them according to their pattern, type or definition and magnitude were realized. Being the 
case, a construction with historical architectural value with a high degree of affectation, the interventions 
were minimized in extension and quantity. 
A diagnosis of the current state of the structure, in order to provide elements, recommendations and 
suggestions to be taken into account in the design of the subsequent corrective actions, was elaborated 
from the analysis of the results obtained in the different stages of the assessment. 
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ABSTRACT 
 
In order to have a good performance in the facades of the buildings it is necessary to make maintenance, 
guaranteeing the expected lifetime of the project. In this context, the importance of inspections for 
analysis and performance control and the need for periodicity of maintenance must be consider in order 
to avoid the appearance of pathological manifestations. To characterize and deal with these 
manifestations, there are methodologies of inspection and analysis, making possible the qualitative and 
quantitative evaluation of existing flaws. Considering the need for systematized inspections, the research 
sought in a very detailed way to apply the existing methodologies for the control and diagnosis of 
pathologies in facade cladding of a building in Águas Claras, Distrito Federal. The LEM-UnB 
methodology, modified by Roewer (2007), was used with the accomplishment of complementary tests. 
Percussion tests were done on facades B and C for the mapping of the detachments. As for the 
displacement, all the facades were analyzed visually, being the facade C the most affected. The 
complementary tests have confirmed the state of degradation seen in the inspections. There was failure 
of the coating by detachment and displacement, mostly located at the bonding and ceramic mortar 
interface, which may occur due to the poor quality of the material or the failure to perform. There was 
also the deficiency of horizontal joints of movement and absence of vertical joints of movement. The 
work met the case study objective, identifying and quantifying the pathological manifestations in facades 
of ceramic coating. 
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ABSTRACT 
 
Urban areas show special vulnerability to the damages caused by slope instabilities. When people 
are settled down or infrastructures built on the top of slopes, this kind of instability increases the 
risk to suffer damages. Therefore, damage assessment caused by these instabilities is vital to 
understand the level of risk exposure. In addition to gaining a better knowledge of the influence of 
human beings’ activities on slides, the study of the damages shown by the infrastructures on these 
areas can contribute to know the causes of the instabilities. Finestrat historic city centre (Alicante), 
placed on the crown of a gypsum Keuper slope, is one of the most visited tourist attractions of the 
Alicante province. The buildings located on the top of this slope show significant damages, cracks 
on walls and leaning structures that in some cases can affect the building stability. In this work, a 
preliminary classification of the building damage caused by slope instabilities is carried out 
applying simple methodologies from different authors. Data such as type of construction and 
building material, foundation type, architecture features and damaged shown by the building were 
collected by the work done on the ground. Finally, an analysis of the advantages and disadvantages 
of the different classifications which can be applied for this kind of works is done. 
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ABSTRACT 
 
Four masonry mortars, two M5 and two M7.5 according to EN 998-2:2010, were subjected to nine 
aggressive solutions (NaCl -20g/l y 50g/l- Na2SO4 -20g/l y 50g/l-, sea water according to the American 
standard ASTM D665, K2SO4 -2,7g/l- Na2SO4 -1,8 g/l- NaCl -0,5 g/l- an a solution prepared mixing 
these three last ones) with the scope of assessing their resistance to efflorescence. All masonry mortars 
were factory produced mortars. They were immersed in the testing solutions and the time when the 
efflorescence occurs was recorded. Also, the affected area was calculated. The results were compared 
with those found in tap and distilled water where no efflorescence was detected. This fact evidences that 
the migration of internal mortar components to the surface of this porous material does not happen. By 
contrary, the most aggressive solutions have been those containing a high concentration of sodium 
sulfate, i.e. both solutions made of 20 and 50 g/l Na2SO4. The four mortars subjected to these solutions 
showed efflorescence after one day of testing and the affected area was found to be about 40 cm2. 
Therefore, the essential process involves the ions migration from the aggressive solution to the porous 
mortar by absorption and diffusion. The mortar pore solution, with the ions now held in solution, 
migrates to the surface, then evaporates, leaving a coating of the precipitated ions in form of different 
salts. 
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ABSTRACT 
 
Inspection, survey and characterization of wooden roof structures in old buildings is fundamental for 
planning and intervention for rehabilitation and reinforcement actions. The present work focuses on the 
Historic Center of Leiria (HCL), developing a diagnostic work, with the survey of the typologies of 
wood structures and evaluation of the conservation status of the roofs. 
In first place a contextualisation of the area under study is made, followed by a synthesis of the types of 
wooden structures applied in old buildings, namely the trusses. A summary of the most common 
anomalies in wood structures and possible causes is also made. 
Inspection data sheets adapted to the HCL were used to record the information collected during the 
inspection of the roofs that had the original wooden structure. In addition to the inspection, a 
photographic record, measurements and a geometric and structural survey of the wood structures were 
carried out, as well as the measurement of the water content. 
The results of this work allowed to characterize the inspected roofs, with respect to their shape, 
constitution, geometry and pathologies, making an evaluation of their state of conservation, 
representative of the overall wooden roof structure of the HCL. The main types of structures used were 
identified as well as the materials, where maritime pine wood is dominant. In general, the roofs are in a 
very deteriorated and degraded state, emphasizing the importance of the intervention, inspection and 
maintenance of the roofs of the old HCL buildings. 
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ABSTRACT 
 
The degradation of sloped roofs is a major concern in older buildings because of the risk it poses, both 
in terms of structural safety and in terms of preserving all the underlying building elements and ensuring 
the health and comfort conditions for its inhabitants. 
As a result of the natural aging of the roofs, the consequences of lack of maintenance and incidental and 
erroneous remedial actions, which often also conflict with the existing structure and its operation, 
threaten the identity of roofs and historic centers. 
To define strategies and techniques of intervention, on an urban scale, on traditional roofs it is essential 
to know the different geometries, their unique points and their state of conservation. 
In order to fulfill this objective, an inspection plan was defined as approximately 300 roofs in the 
historical center of the city of Viseu, with the use of “drones” and later data processing, developed using 
characterization and evaluation grids. 
The study identifies typical situations and identities, unique situations and relevant architectural and 
patrimonial value, intervention and rehabilitation errors, as well as typical situations of deterioration. 
The process involved a set of steps, such as the inspection program, the making of videos, the obtaining 
of fixed images, the creation of characterization grids, the classification of defects and, finally, the 
preliminary analysis of results, with a view to definition of a municipal intervention strategy, namely in 
the possible revision of the current regulation and in the definition of rehabilitation policies and 
incentives. This article will focus on the presentation of the constructive and architectural characteristics 
of the roofs as well as the analysis of their conservation status. 
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ABSTRACT 
 
Engineer Eladio Dieste was a relevant and eminent innovator in the field of engineering, national and 
international architecture, author of numerous industrial, cultural, religious, commercial and residential 
works, using a unique technology known as reinforced masonry. Using this technique, he led to 
maximum expression the characteristic materials of the Uruguayan construction, bricks, steel 
reinforcement and mortar cement, giving rise to structures and sinusoidal envelopes. By virtue of its 
singularity and relevance, various valuation, restoration and promotion initiatives are currently being 
carried out in Uruguay. 
The Getty Foundation through its Keeping It Modern program in 2016 financed the Creation of a 
Conservation Management Plan and Administration System for Cristo Obrero Church, built by Engineer 
Eladio Dieste in 1958, currently declared a National Historic Monument. Teams belonging to different 
institutions and organizations participated in this project, forming a multidisciplinary team that carried 
out the metric building survey, characterization of materials (ceramics, mortars and reinforcements), 
studies of resistant evaluation, of damages, of the subsoil, historical, at an urban and sociocultural level. 
The obtained results represent a direct contribution for the conservation of the building as well as a 
relevant antecedent for the diagnosis and conservation of other important buildings of Dieste, whose 
work has recently been included in the World Heritage Tentative List of UNESCO. 
An advance is exposed in the present article on the study of the damages that affect the ceramic pieces 
and the joint mortars (that eventually cover reinforcements) used in the Church. 
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ABSTRACT 
 
On April 16, 2016, at 7:00 pm, the land on the Ecuadorian coast trembled, leaving around 700 people 
dead and the neuralgic centers of several cities destroyed. 
A message from Tecnalia Ecuador, and a quick response from Tecnalia Bilbao leads to the proposal to 
send, in a voluntary and altruistic way, a team of experts in structural pathology to ground zero for 15 
days. Three weeks later the team takes land in Quito and puts itself at the disposal of the Ecuadorian 
Government to plan and coordinate the mission. In these works has collaborated professors of the 
University of The Basque Country. 
Displaced to the zero zone of Manta and Portoviejo, two important cities of the most affected area, and 
accompanied by technicians from the Ministry of Development and Housing, the work of evaluating the 
condition of the buildings, investigating causes of damage and collapses, to identify the constructive 
errors were committed in order to prevent them in the reconstructions. 
Basic and detailed inspections were carried out in a total of some 60 buildings, both official and private. 
The methodology to define the works was based on “detailed assessment sheets for buildings affected 
by earthquake”, in which, in addition to collecting the condition of the building, a chapter of 
recommendations for action is included. 
In the article, in addition to explaining the scope of the mission, the effects of the earthquake on the 
structures, the most common failures and their relationship with the constructive systems used are also 
analyzed. 
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ABSTRACT 
 
Alfonso XIII bride over the Artibai river is located in Ondarroa and it was built in 1925. This footbridge 
was also known as “beach´s bridge” by the locals and it was mandatory the payment of a toll in order to 
cross it. 
The steel bridge makes the passage of ships compatible with the access to the beach, due to this, its 
rotating mechanism. The bridge had three-span rigidly connected part made of concrete, which do not 
exist nowadays, and a rotating steel span over the estuary. The movable section was composed of two 
identical rotating leaves supported by two piers. This movable leaves allowed the navigation on the 
river, wich was highly important at that time. 
Over the years, several transformations have taken place on the walkway. For instance, the loss of the 
fixed section made of reinforced concrete and the electrical drives installed in 1931. Likewise, the 
closing of the two leaves due to the fact that it is not needed to be opened for maritime navigation, 
caused the disappearance of the toll hut and part of its mechanisms. This lack of functionality has caused 
a severe deterioration in the structure, which is inside the Basque Cultural Heritage. 
The paper shows the uniqueness of the walkway, its current state of conservation and the previous 
studies carried out aimed at its rehabilitation, which are intended to be undertaken in the near future. 
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ABSTRACT 
 
The necessity of maintenance of the built Heritage is one of the biggest concerns of our society 
nowadays. Notwithstanding that some efforts have been made to preserve and maintain it, there is still 
much work to be done. Accidental actions and extreme events can cause the failures of the buildings, 
especially if they are masonry. That is the case of most of the Heritage buildings, whose structures can 
be very damaged by these events. For this reason, it is increasing the awareness of our society to protect 
these constructions against these actions. Regarding this concern, an experimental programme is being 
developed at the ICITECH (Universitat Politècnica de València). The SIMAX project studies the effect 
of the settlements, among other actions, in masonry structures. For that, a full-scale cross-vault has been 
tested in ICITECH laboratories. The tested vault is identical to the vault of the San Lorenzo de Castell 
de les Cabres church (Castellón, Spain). The approximate dimensions of the vault are 4*4 m. A 
settlement in one of the support of the vault has been simulated in order to characterize its behaviour. 
This paper shows the main preliminary results of the test. 
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ABSTRACT 
 
The work carried out consists in the analysis of the existing pathologies in a building dedicated to the 
cult built from the end of the 15th century until the end of the 16th century located in “Castrillo de 
Murcia”, province of Burgos (Spain). 
In the present article the constructive history was studied through the analysis of different documents of 
historical archives, describing the constructive system used and its execution in time, as well as the 
material used for its construction. All this to finally determine the main causes of the deterioration of 
the stone that composes it, considering the environment of the building (climatology, geological 
formations, pedology, etc.). 
To determine the pathological history, fieldwork was required, in which the fundamental physical and 
mechanical injuries per seat were documented. Likewise, characterization tests were carried out on the 
stone used in the construction, evaluating its alteration and degradation over time. The wooden structure 
of the existing roofs and roofs is also studied, observing a slight abiotic degradation. 
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ABSTRACT 
 
Numerous existing structures located in marine environments manifest premature corrosion of 
reinforcement. Corrosion propagation modelling is necessary for the prediction of its performance and 
safety. In present paper the model proposed years ago is illustrated by means of the data collected in 
some reinforced concrete elements and specimens, with and without 3% admixed chlorides or 
carbonated, exposed to the Madrid atmosphere during more than 25 years. The instantaneous corrosion 
rate together with the associated parameters of corrosion potential and resistivity has been monitored 
periodically. The accumulated corrosion can be considered lineal as the climatic events repeat annually. 
In the paper is also presented the hydrothermal performance of concrete and its influence on the 
reinforcement corrosion process. The effect of temperature is double and in opposition because, on one 
hand it increases the corrosion rate in presence of capillary water but on the other hand, it induces its 
evaporation and increase in resistivity which decreases the corrosion rate. The evaporable water content 
of a concrete and not the relative humidity is what is directly related to the risk of deterioration 
reinforcement corrosion and therefore the most crucial effect is the direct exposition to rainfall or snow 
events. 
Reinforced concrete may suffer rebar corrosion but also other types of attack to the material integrity. 
When these processes develop actively at significant rate, they usually manifest through cracking of 
concrete cover, expansions and efflorescences and they are named, for the sake of the service life 
calculation, as “propagation” periods. The most known generic model is that of reinforcement corrosion 
published by Tuutti with two time- phases: corrosion initiation and propagation, that is, during the 
penetration of aggressive substances no damage is produced until achieving the aggressive front the 
rebar level, where the oxides formed provoke the cracking of the cover.  This result into a horizontal 
line regarding the damage level followed with a continuous increase when the external sign of 
deterioration are visible. The other most frequent attacks are: alkali-silica reaction or sulfate attack, acid 
or leaching by pure waters and frost attack. In present communication, although of complex mechanisms 
as corrosion is, it is shown that all these propagation periods can be linearized in order to be made 
“generic” and with the possibility to be considered too as a two-period service life model.  Some 
examples are commented, in particular that of reinforcement corrosion which is modelled through a 
constant rate or with a bilinear trend. 
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ABSTRACT 
 
An important part of the Spanish built Park consists of load-bearing structures consisting of masonry 
that must be the opening of new hollows (shoring) that affect the whole. 
The aim is to present the development of the different “cracking patterns” of walls with "shoring", i.e. 
the opening of new hollow with asymmetrical position on the ground floor, with the existence of one 
hollow in the top. For this, it has been necessary to establish some limitation requirements of the study, 
such as: only the action of gravity loads are considering, the wall is two floors and it is located inside 
the building, there is symmetry between the floor slabs that support both sides of it, and as important 
factor there are minimal edge beam. 
The methodology used is based on "linear elastic" behavior according to other researchers and it is 
necessary to know the mechanical properties of the material. This has been proven by the study of simple 
models and real cases of collapsed buildings, and results have been quite accurate. 
The cracking patterns that had been obtained are important in the rehabilitation field. They help the 
interpretation of their behavior in the wall. Not only locally, where we run the opening of a new hole, 
but as a whole; being able to predict the weak points and prevent future pathologies. 
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ABSTRACT 
 
The ground-penetrating radar (GPR) is a non-destructive geophysical method based on the emission of 
electromagnetic pulses into the ground by a transmitting antenna. It is one of the most utilized techniques 
for archaeological prospections since the early 90’s of the XX century: it provides high-resolution 
images and even three-dimensional visualizations. However, there are very few commercial software 
for advanced 3D-data processing and visualization of these images. In this context, the aim of this work 
was to develop a free and open-source tool for GPR signal processing, named “toGPRI”. It has been 
developed in GNU Octave programming language and it implements signal amplification and noise 
removal filters (“scattering”) of the electromagnetic signal, allowing topographic corrections too. 
Regarding the 3D processing and visualization, this tool allows users to create 3D models and 
subsequent XY bi-dimensional images (“raster-layers” or “time-slices”) in depth. It is also capable of 
creating overlayed images to connect signal reflections at different levels or depths, obtaining an 
approximate reconstruction of the occupied underground space. All these 3D images are also 
georeferenced, so they can be easily integrated into a Geographic Information System (GIS) 
environment, in order to perform a more successful territorial planning analysis in the area. 
“toGPRi” has been field-tested, studying the Roman site “Aquis Querquennis” in Bande (Ourense 
Spain). A 3D-GPR data acquisition was carried out in the archaeological site, obtaining a 3D 
reconstruction of the archaeological site ground. It has revealed the existence of some buried structures, 
as the primitive barracks of the roman camp. A recent excavation conducted in the campaign of 2016 
has confirmed such GPR interpretation.  
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ABSTRACT 
 
The study of the structural behaviour of the Government Building of the General Archive of the Nation 
is presented. This building has been placed in the Lecumberri Palace in Mexico City, a former prison 
that was inaugurated in 1900 and closed in 1976. After several remodelling works this building was 
inaugurated in 1982 as the governing body of the national archives.  
The building is constituted by brick masonry with lime mortar. The building is founded on a deposit of 
high plasticity and very compressible clays that with the overexploitation of the aquifers cause the 
problem of regional settlements in the area. 
For its study, a geometric and damages survey were conducted, as well as environmental vibration to 
know the dynamic properties and a finite element model were performed. In general, the structural 
assessment was found acceptable, the study shows its ability to withstand seismic actions in accordance 
with current Mexican building code, mainly due to the high density of walls that provide a greater 
stiffness. Therefore, the vibration period of this structure is very far from the dominant period of the 
soil. In conclusion, the critical condition of the building is the differential settlements, causing damage 
to the building. 
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ABSTRACT 
 
The Roman Theatre of Mérida is considered one of the most emblematic monuments of the Spanish 
archaeological heritage. As such, it has been and continues to be the focus of numerous studies. In this 
work, we address the complex theme of the conservation of the building itself. 
We present the results of a preliminary study aimed at evaluating the use of different acoustic techniques 
using ultrasound on marble elements, specifically on two cornices of scenic front with different state of 
deterioration. The ultrasonic inspection was carried out using two pairs of ultrasonic shear wave 
transducers (100 kHz and 500 kHz in frequencies each) in through-transmission mode, which allowed 
us to characterize both samples by: (a) Propagation velocities of shear and longitudinal waves. (b) The 
frequency distribution and (c) the attenuation of the transmitted waves in the specimens 
As for the transmission velocity, the results obtained in the samples range from 2903 m/s to 5025 m/s 
for the longitudinal and from 1924 m/s to 2835 m/s for the transverse ones. The results are consistent, 
on the one hand, with the state of deterioration of the samples, in the sense that the most deteriorated 
specimen is also the one with the lowest velocity values, and on the other hand, with the measurement 
direction, since in a single specimen the horizontal direction presents in general greater values of 
velocity than the vertical, as it corresponds to the direction of preferential foliation of the marbles. 
We observed a significant difference in the frequency values transmitted by the more and less 
deteriorated specimens and we detected a greater attenuation of the ultrasonic waves in the most 
deteriorated sample. 
Taking everything into consideration, we deduce that the mentioned ultrasonic parameters are ideal 
when evaluating the state of conservation of a part. 
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ABSTRACT 
 
The geometric survey, the acquisition of the geometry and its subsequent modelling are the first steps 
that must be carried out prior to any intervention in an existing construction. The information encoded 
in the CAD models serves as a starting point for the realization of the structural evaluation, especially 
in historic masonry structures such as arches and vaults, where the weight of the structure is the most 
important vertical action to which the structure is subject. For this reason, the geometric information 
contained in the model serves both to determine the loads and to evaluate the structure itself, especially 
in those where these two properties are so closely linked. Modelling and representation techniques store 
analytical information obtained through either automatic or manual procedures, in digital sources, which 
will need to be interpreted in order to visualize and represent the construction under study. This article 
makes a tour of the most common techniques of survey, modelling and refining and its relationship with 
the overall structural evaluation of the structure, whether it is used as a support for subsequent structural 
modelling or by using the geometric model. In one case or another, the relevant information obtained 
from the survey will be different and the degree of precision and approximation to the real object will 
also be, so it must be in line with the structural analysis technique used. 
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ABSTRACT 
 
The seismic risk assessment of patrimonial wooden structures constitutes a relevant issue not sufficiently 
considered in the current status of the seismic engineering community. 
A simple proposal to evaluate the patrimonial seismic risk of wooden structures is presented, taking as 
study case the city of Valdivia, in southern Chile. The seismic risk is analyzed under three core aspects: 
vulnerability, hazard and architectural cost that considers the patrimonial variable. 
The vulnerability assessment is considered by means of the vulnerability index method taking into 
considerations the most relevant parameters involved in wooden patrimonial structures. The seismic 
hazard considers both the uniform and local seismic conditions. The architectural cost considers the 
architectonic relevance, predominant styles, architectonic exposure and the territorial architectonic 
value.   
Field measures were performed in order to obtain relevant information, taking as a study case the historic 
area in the city of Valdivia. Having defined the basic parameters, is created a computational platform, 
RIPAT, which calculates patrimonial risk, also establishing recommendations related to the intervention 
criterion. 
As a result, the need to incorporate the patrimonial variable through the architectural assessment was 
found, generally becoming more significant than the other aspects. In these sense it´s important to 
understand that the seismic risk assessment of historic structures with the inclusion of the patrimonial 
variable is more than a structural or seismic evaluation only. 
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ABSTRACT 
 
The socio-cultural circumstances in which the city of Seville was after the Reconquest will make the 
Church of Santa Ana the first to be built with a new plant and with a strong defensive character due to 
the sieges to which the city was subjected. The layout of a new plant, in the Gothic-Mudejar style, in 
addition to the defensive needs will necessitate that the cover of the Church must be resolved in a 
passable way in order to be able to defend itself from the continuous attacks, which made impossible its 
execution through the traditional system of par and knuckle that had been developing in the previous 
Parochial Churches in Córdoba. 
The domed solution of the roofs, solved with brick and stone ribs, responds to a modulated plant 
distribution in which the lateral vaults are in a 10/7 relation (rods) with respect to the central one. 
The works that we have been developing are mainly focused on the modelling of said geometries for 
their subsequent discretization and analysis by the Finite Element Method (MEF). For the generation of 
the geometry computer software modelling as CATIA or RHINOCEROS have been used for further 
processing and meshing through ANSYS ICEM CFD. The mesh has been made by shell elements for 
the complete model and solid elements for the more detailed analysis of a vault section and particularly 
the start of nerves. 
The indicated computer models are analyzed in order to address the overall behavior and to identify the 
pathologies that are detected in some of the facings. Likewise, the modal analysis gives us information 
about the rigidities that certain elements contribute, such as the head and feet of the nave and the tower. 
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ABSTRACT 
 
Reinforced concrete structures are fundamental elements in the support of buildings and other civil 
engineering constructions. One of the pathologies with most effect on reinforced concrete resistance is 
corrosion. Corrosion can influence reinforced concrete in three ways: concrete cracking, oxidation of 
steel or modify the adhesion of the steel-concrete system. 
In order to evaluate corrosion, the use of complementary non-destructive techniques is proposed, given 
that they do not alter the reinforcement structure. This work shows the results obtained from the 
combination of the techniques of georadar (GPR) and infrared thermography (IRT), for the detection 
and evaluation of corrosion in reinforced concrete in a particular case of study: the Military Battery of 
Cabo Udra (Bueu, Pontevedra). The combination of both techniques allows identifying areas with 
different dielectric and thermal conductivities, respectively, in addition to internal conditions that affect 
the emissivity of the material externally. 
The GPR study was carried out with a MALÅ ProEx system, using a 2.3 GHz antenna, with a depth of 
penetration of 40 cm and a spatial resolution of 1-2 cm. Six profiles of one meter have been acquired, 
with de-polarized configuration of the antenna and perpendicular direction to the length of the steel bars. 
The thermal analysis was performed with a NEC thermographic camera with an uncooled sensor, and 
the most representative temperature sample was between 21-22.5 ºC. 
The images acquired show how the penetration capacity of the GPR signal and the reflection intensity 
(amplitude), decrease as the chloride and humidity contents increase, finally reaching total signal 
attenuation and its consequent total loss of information. With respect to infrared thermography, the 
detection of corroded areas and the presence of water that favors this phenomenon are possible, since 
both corroded materials and water have a different thermal conductivity and emissivity than no corroded 
elements. 
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ABSTRACT 
 
Adequate constructive and mechanical characterization of stone masonry is an essential step in defining 
intervention strategies that might lead to the preservation of the buildings present in old urban centres, 
where stone masonry structures represent all, or at least the majority, of vertical resisting elements. 
Destructive testing is, in this context, not advisable, and the need arises for semi- or non-destructive 
procedures that allow obtaining, with the minimum damage, the data to be used in structural modelling 
for safety evaluation. 
This paper presents and discusses the results obtained from an in situ test campaign conducted in the old 
urban centre of Viseu. This analysis intends to provide data that might help in the identification of 
typologies and in the estimate of mechanical properties of stone masonry walls in the old urban centre 
of Viseu, aiming at supporting the intervention in these buildings. Granite stone masonry walls of two 
different buildings were analysed and characterised considering their geometrical and material 
characteristics. Flat-jack testing technique was used to obtain resistance and deformability parameters 
to be used both in safety evaluation and intervention design. 
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ABSTRACT 
 
The goal of this investigation is to show the methodology and the results obtained in the application of 
a non-invasive system for the geometric and constructive characterization of water tanks in historic 
buildings. For this, we used a georadar (GPR) as a prospecting technique in walls and floors, which 
allows to identify possible structures or hidden cavities. The equipment has different antennas that have 
made it possible to work at different depths and spatial resolutions. 
The interpretation of the results is complicated, requiring an analysis and processing of the information, 
apart from extensive knowledge not only of the geo-detection but also of what we are looking for and 
how it behaves before this technique. 
Methodologically, we proposed three study areas. The choice of them responds to their formal and 
constructive peculiarities. The first two zones have been used to "calibrate" and "analyze" the behavior 
of the different antennas before these architectural elements, checking the response of the different 
frequencies against different materials and geometries. These first two tanks or reservoirs have been 
restored by the work team and are also accessible, knowing both dimensions and the different materials 
that make them, an essential fact to be able to cross the data obtained with reality and be able to draw 
conclusions, enunciate a methodology and obtain a catalog of results that will serve other researchers. 
In last and third place, the knowledge acquired is applied to a non-accessible cistern from which its 
formal characteristics, depth and materials can not be known, in order to be able to elaborate a non-
invasive restitution by means of this technique. The selected building is the Ovando Palace, which, like 
many other buildings in the City of Cáceres, has a deposit located in the porticoed patio that articulates 
this Palace. 
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ABSTRACT 
 
The Capurro bridge, declared of Departmental Interest, dates back to 1903 and links the towns of 
Durazno and Santa Bernardina (department of Durazno, Uruguay). Its structure is made mainly of wood, 
and has the particularity of being a submersible bridge, spending several weeks a year below the level 
of the river. At the moment it has a pedestrian use and of passage of motorcycles, closed to the vehicular 
use, due to the bad state of conservation of part of its structural elements. The present article shows the 
work carried out in the bridge with the objective of making a structural diagnosis and propose the 
appropriate solutions for its rehabilitation or change of use, taking into account the priority in the use of 
wood as material for the structure and maintaining the typology of the original design. A visual 
inspection was carried out, element by element, identifying damages and pathologies. The visual 
inspection was complemented by the measurement of non-destructive sonic parameters to estimate the 
stiffness properties of the wood, the measurement of the moisture content of all the elements and the 
identification of the different reinforcement actions performed on the bridge during its life. Finally, 
different restoration scenarios were analyzed. 
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ABSTRACT 
 
The Sanctuary of Santa Maria delle Grazie di Fornò, located in the Forlì countryside, is a unicum for 
size and shape as a building dedicated to Marian worship. It was constructed between 1450 and the early 
years of the sixteenth century. The Sanctuary externally consists of a circular masonry structure 15 m 
high and 33 m in diameter, with four semi-circular niches protruding to the outside; inside, a similar 
circular structure 20 meters high delimits a central area, covered by an octagonal dome. The space 
between the two circular structures is covered with a wooden roof resting on thirty-six main wooden 
beams. The current appearance is the result of changes and transformations that have occurred over time 
both for static necessities (stresses of the original annular vault) and changes related to epoch's style (the 
four semicircular niches realized in 1686), as well as for natural disasters (several historical earthquakes) 
and war damage (the demolition of the bell tower and part of the adjacent monastery in WWII). In-depth 
inquiries have been made on the building and its surroundings that have allowed an adequate assessment 
of the current conditions of degradation and damage, both for finishes and for structures. The curvilinear 
type of all masonry walls has motivated the study of the current structural capacities. Recently an entire 
laser survey was carried out, providing comprehensive measurements for reconstructing the Sanctuary’s 
shape and overall size. After the laser survey, several structural analyses are executed, in particular under 
the foreseeable seismic action with the application of the Guidelines (2011) for the "Assessment and 
reduction of seismic risk of cultural heritage with regarding to the technical standards for construction 
in DM 14/01/2008". Lately it will possible to study the effect of the possible consolidation works. 
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ABSTRACT 
 
The technology of digital image capture is undergoing constant development in both resolution and 
image quality. There is an inescapable need for this technology as a means to record and disseminate 
images of works of art and cultural heritage. The goal of this paper is to combine different non-
destructive techniques including 3D digitalization using short-range laser scanner, commonly used in 
industry, hyperspectral images, widely used in remote sensing applications and scientific research and 
neural computing as a technique applicable to the treatment of hyperspectral images with a view to 
assessing cultural heritage sites (churches, bridges, palaces,…) and smaller cultural heritage features. 
The process included the collection of data by image capture using the hyperspectral camera through to 
the analysis of the resulting images using neural computing systems. The hyperspectral equipment is 
initially configured and calibrated using software that facilitates the capture of images of different 
materials under the same conditions of light and humidity, which are then analysed by neural computing 
through an MLP (Multi-Layer-Perceptron) supervised model. The applied methodology distinguishes 
between the same minerals extracted from different quarries, as well as the different materials used in 
restorations carried out at different times of the Temple of Diana, part of the Roman cultural heritage of 
the city of Merida. To complete the research, the images processed with metric information from LiDAR 
terrestrial sensors (terrestrial Laser Scanner, TLS) are fused to supply metric properties to the spectral 
information. 
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ABSTRACT 
 
This study analyzes the constraints to be taken into account in the load test of an ancient reinforced 
concrete bridge, with functional limitation of loads by geometry, and traffic criterion. It is an old bridge 
of reinforced concrete of approximately 1950 composed by three isostatic spans of 9 meters length. The 
global width is limited to 5 meters, and it had just been rehabilitated, rather than demolished, with 
various reinforcement techniques, including those of carbon fibers. Considerations are made with old 
and modern regulations, both of actions to be considered in road bridges and in reinforced concrete 
standards. After that analysis a load test protocol is established and carried out. In the instrumentation, 
LVDTs were used to measure displacements (deflections), and also strain gauges to measure 
deformations (concrete and reinforcement materials). Finally, the obtained values were compared with 
the theoretical values. During the entire process of the load test, the different control parameters 
established in the protocol were validated. 
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ABSTRACT 
 
This structural typology of “floor frames made of metallic profiles and concrete or ceramic slabs” was 
wide spread in Cuba since the end of 19th century until the first decades of 20th century. The system is 
present in domestic and commercials buildings in the Havana Historical Centre. Overcharges, incorrect 
interventions and lack of maintenance have increased the deterioration degree of these buildings, in 
which the horizontal structure is the most damaged element.  
Diagnosis and optimisation of future rehabilitation projects and economical savings supposes a highly 
social impact, benefit of life quality and also a positive effect in urban environment. This paper presents 
a structural characterization and diagnosis methodology, including non-destructive tests. A geo-
referenced information system was used to determine the predominance of each typology in the 
Historical Centre, as well as past interventions and level of damage by area. The principal pathological 
processes are identified, associated with each frame component. Origen misconception and its influence 
in the damages are considered.  
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ABSTRACT 
 
Infrared thermography represents the possibility of analysing building damages and pathologies in 
a non-destructive, fast and practical way. The purpose of this study was to evaluate damages and 
pathologies in wooden buildings using infrared thermography as an auxiliary technique. Brasília 
still presents some wooden constructions, remnants of the time of the construction of the capital. 
Some of these buildings passed through reconstruction works or had restoration works. This paper 
presents a case study of infrared thermography application on a historical building in Brasília: the 
Juscelino Kubitschek de Oliveira Hospital, that now is a museum called Museu Vivo da Memória 
Candanga. From thermographic records, it was possible to find out various damages and pathologies 
such as biotic problems, like fungus, woodworm and termites. It was possible to identify thermal 
behaviour from abiotic damages, such as wood cracked, and structural situations, like elements 
pieces damaged and moisture presence. Infrared thermography proved useful as an aid capable of 
providing information for the maintenance and conservation of the building, showing the thermal 
behaviour of wooden elements that can compromise the structure and building lifespan. 
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ABSTRACT 
 
This paper presents the use of structural assessment techniques (Non-destructive testing and numerical 
modelling) and reinforcement technologies for the restoration of the Vistabella Church’s Tower (La 
Secuita, Tarragona). The intervention was carried out due to evident construction pathologies that 
affected the resistant behaviour and stability of the steeple. The first step was to have the mechanical 
characteristics of the resistant elements that conform it. In this case, through the use of the Hole-drilling 
test such as Non-destructive techniques (NDTs), applied on four resistant ribs of brick masonry to 
establish the mechanical characteristics in combination with a numerical modelling with the objective 
of determining its structural behaviour and the evaluation of the steeple’s structural damage of the 
building studied. This information was necessary to determine the reinforcement needed, according to 
the observed pathologies. In order to provide additional vertical load without substantively modifying 
the structural scheme, a solution based on external prestressed bars (strengthening technology), was 
implemented. The procedure and the results of the follow-up are described in detail, these being the 
objective of the paper. 
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ABSTRACT 
 
Some of the problems facing the seismic regions of the world are the adequacy of the ancient buildings 
according to the new knowledge embodied in the current regulations. The first ones that should be 
intervened are those of great socio-economic impact and those needed to attend the post-earthquake 
emergency. One of them are educational establishments. The clúster of application are the schools 
located in the northwest zone of the province of Mendoza, Argentina, zone considered of high seismic 
risk. The ones built between the years 1950 and 1985. These were built under no regulations or under 
old regulations. 
Those applies a method a qualitative method suitable to those developed by Benedetti and Petrinni for 
the "Gruppo Nazionale per la Difensa dei Terremoti" of Italy. The new methodology takes as a structural 
vertical seismic-resistant system to the masonry and incorporates the existence, in their work together, 
with the structures of reinforced concrete. It also makes the difference between the existence of the type 
of diaphragm, rigid or flexible. 
The methodology has been adapted to make it simple and agile in its application and so identify, between 
the existences of a large number of schools, quickly to those with pathologies associated with your 
seismic-resistant safety. 
This database will be able, in other instances, to apply quantitative, more sophisticated and precise 
methods to the most deficient structural systems v It will be possible to propose its repair, reinforcement, 
dissipators of energy or of seismic isolation. There is a possibility to recommend demolition. 
The results of the first four evaluated buildings affirm that they are in conformity with the structural 
designs used in his epoch and with the regulations and the constructive practices to the moment of his 
construction. 
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ABSTRACT 
 
Corrosion of steel reinforcement in advanced stages entails the risk of serious accidents. The 
environment where the structure is located can generate damages related to the physical and chemical 
conditions, independently of mechanical actions, that compromise the building structure durability. This 
paper goal is to investigate the causes of the reinforced concrete beams corrosion. These beams were 
built during a retrofit works of a historic building in the centre of the city of São Luís – State of 
Maranhão, in the northeast of Brazil. The building, located approximately 100 meters from the sea, is 
exposed to an aggressive environment, very influenced by saline mist. The beams were covered with a 
cement-based and clay mortars commonly used in historic buildings to preserve the architectural and 
constructive aspects. Covering samples from the lower, upper, and lateral beam faces together with 
reinforcement concrete covering layer were collected. Carbonation thickness of reinforcement covering 
(concrete + mortar) was determined by pH and phenolphthalein methods on collected samples. The 
MOHR method to quantify the chloride ions amount, present in the structure was also applied. Thus, it 
was possible to observe a total carbonation of the samples (concrete cover layer and mortars), showing 
total transparency during the application of phenolphthalein. An average content of 0.2% chloride, 
which is over the limit value of 0.14%, was detected. Therefore, the on-site analysis and laboratory tests 
allowed to conclude that concrete cover layer and mortars coatings qualities caused the beam steel 
reinforcement corrosion. Finally, it is interesting to remark that the existing steel reinforcement concrete 
cover layer is inferior to the minimum required in this environment by the standard norm. 
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ABSTRACT 
 
This peaper deales with a comprehensive analysis of the conditions that influence the structural behavior 
of a historical construction that was reinforced with concrete. This analysis is focused on determinate 
how the intervention of the structure with concrete has changed the structural behavior of the church. 
The Santo Domingo’s church is located in the historical Center of Mexico City. It is an eighteenth 
century building made with stone masonry and was reinforce with concrete in the mid-twentieth century. 
The study is based on the strategy of complementary analyses. Firstly, an analysis of the structure of the 
temple is performed, in which the historical, architectural and structural conditions are reviewed, as well 
as the current conditions that are evident through existing structural damage of the temple. From the 
historical and field surveys have been found that concrete was used at the foundation and at the dome; 
as well as in walls and the central vault. Second, a correlation between past and present conditions is 
made in order to determinate which effects are produced (directly or indirectly) by the inclusion of the 
concrete. The current deterioration in the temple is the result of a combination of several factors; the 
most important is the subsidence that affects the area of the city where the building is located. 
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ABSTRACT 
 
The Mexico City Cathedral is one of the most emblematic historical monument of the Colonial period. 
In 1987, it was classified as part of the World Heritage. From its constructive stage this structure has 
presented serious problems of differential settlements due mainly to the soft clayey soil where it is 
located and to which it was built on the remains of old constructions. These factors together with the 
excessive extraction of water from the subsoil have caused serious damage to the Cathedral. To try to 
understand their behavior and propose more efficient reinforcement measures, a series of simplified 
linear analyses have been carried out using finite element models, experimental tests and the installation 
of a continuous monitoring system. With the results of these tools was that in the decade of the 90s, an 
important program of rehabilitation and geometric correction was implemented over the Cathedral, 
managing to reduce the differential settlements and drifts of this structure. With the passage of time and 
with the development of high performance computing equipment, the three-dimensional model of the 
Mexico City Cathedral was created, trying to reproduce its original geometry and using an inelastic 
constitutive model of the materials. In this paper present the results of the modal analysis to determine 
its dynamic properties, as well as the calibration of these results using the dynamic properties obtained 
through the seismic instrumentation available to this building and previous environmental vibration 
tests. Similarities were found in the results even though the numerical model is the reproduction of the 
Cathedral without the absence of damage and repairs to which it has been subject during its period of 
life. 
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ABSTRACT 
 
The Historical Centres own historical, cultural, architectural and constructive heritage that must be 
preserved. The aggregated value exceeds the sum of the individual values of monumental and/or 
classified buildings, hence all rehabilitation interventions on buildings of the area should be subjected 
to common basic principles. This study is part of a campaign of survey, protection and enhancement of 
the built heritage of the Historic Center of Viseu. Aiming at characterizing the wood floors of an old 
building, an experimental diagnostic and inspection campaign was carried out based on load tests. These 
tests consisted of vertical and punctual loading in the floor beams, considered to be a more adequate 
load type to these floors than the uniformly distributed load, generally used. The deformation of the 
directly loaded beam and the adjacent ones was measured. The results of this experimental campaign, 
and its treatment for the characterization of the floor beams, are presented in this paper. Finally, a brief 
presentation is carried out on the background concepts for the distribution system, in which the ongoing 
validation and numeric evaluation of the floor system is based. 
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ABSTRACT 
 
The Canal of Aragon and Catalonia (CAC) irrigates 105,000 ha (131 irrigation user communities) and 
it is own by the “Confederacion Hidrográfica del Ebro” (River Ebro’s Water Agency). The canal is 134 
km long, running from Olvena, where water from the river Ésera is collected (Joaquin Costa reservoir 
in Huesca) to the river Segre (Lleida). The original designs date from the 18th century, when Charles 
III was King of Spain. At that moment, the main objective was to build an industrial and navigable canal. 
Its construction started later in 1896 under the supervision of the Civil Engineer Rogelio de 
Inchaurrandieta as an irrigation infrastructure. 
The aqueducts are located between km 67 and 71 of the canal and were designed by the Civil Engineer 
Félix de los Ríos Martín in 1907. The cross-section of both aqueducts, Coll de Foix and Capedevila, 
was extended within the framework of the project by Fernando Hué Herrero in 1962 in order to reach 
design flows of 26.1 m3/s and 25.7 m3/s, respectively. The structural performance of the aqueducts has 
been satisfactory, nevertheless the hydraulic capacity has reduced over the years. As a result, the 
irrigation user communities have expressed the need to extend the cross-section of the aqueducts to meet 
the irrigation demands. Given the age of the structure and the different design considerations at the time, 
it is paramount to verify the structural reliability of the aqueducts in the new load configuration. 
Therefore, the objective of the paper is to present the structural safety analysis conducted and describe 
the new extended cross-section for both aqueducts (maintaining the original structural typology). 
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ABSTRACT 
 
Land subsidence consists on the gradual sinking of ground surface due to different factors, which can 
be natural or caused by the impact of a wide variety of human activities. The settlements produced by 
land subsidence can affect the buildings, exceeding the allowable thresholds and generating a loss of 
functionality and different degrees of damage. Synthetic aperture radar interferometry (InSAR) 
techniques allow the measurement of the magnitude of the ground surface deformations from satellites 
that orbit hundreds of kilometres from the Earth with millimetre precision. Its application for monitoring 
land subsidence phenomena has experienced an exponential growing during last decades, consolidating 
as once of the most suitable techniques for the spatio-temporal study of this phenomena. Furthermore, 
the launch of high-resolution satellites as the CosmoSkyMed constellation or the TerraSAR-X satellite 
has improved the capacity of InSAR technique for monitoring buildings and other infrastructures. In 
this work a brief review of the InSAR technique and its applications for the remote evaluation of damage 
on buildings is performed. Moreover, a methodology for the evaluation of the serviceability limit states 
of the buildings is described trough some actual samples. 
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ABSTRACT 
 
The main facade of the Cathedral of Santo Domingo, Primate of America, is the most important of the 
colonial architecture of the first half of the 16th century in America, which is built of coralina limestone. 
The color of its façade has been lost for various reasons, leaving only remains of the original patina that 
covered the stones, which had never been studied and valued until now. For this reason, the main 
objective of this research is to determine the color of the historical patina present in the main façade of 
the Cathedral of Santo Domingo by applying UV-Vis-NIR Spectroscopy and comparing the color with 
the Munsell Systems in dry and wet conditions. Two representative areas of the patina and one of the 
natural stone that served as reference were selected, all located in the right part of the main façade. The 
samples (CSD-S1) and (CSD-S2) correspond to the patina while the (CSD-S3) corresponds to the natural 
color of the stone. 
The results with the UV-Vis-NIR Spectroscopy place all the values in the first upper right quadrant with 
values of a* and b* positive and luminosity greater than 50, consistent with the appearance of the 
material of the facade. With Munsell System, dry values showed that the CSD-1 sample is located at 7.5 
YR 6/6, CSD-S2 at 5 YR 6/8 and CSD-S3 at 10 YR 7/4, and at wet values are: CSD-1 located at 7.5 YR 
6/8, CSD-S2 at 5 YR 5/8 and CSD-S3 at 10 YR 6/6. 
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ABSTRACT 
 
The rehabilitation of ancient buildings requires detailed knowledge of the mechanical characteristics 
and stress states of the structural elements, which play an important role in the intervention process. 
Sometimes, the estimation of the properties of the structure can be difficult due to multiple factors. 
Nevertheless, the non and slightly destructive tests can be used to estimate the structural characteristics 
with good precision at relatively low cost. Consequently, this article focuses on the determination of the 
service stresses in a masonry structure of a historic building, as well as the evaluation of the structural 
safety before the intervention process is carried out. A brief description of the analysis and the 
motivation of the research, the methodology adopted and its application to a case study, namely, the 
Modernist Church of the Seminario Mayor de Comillas, Spain, is provided. Finally, the evolution of the 
measurements recorded and the analysis of the results are detailed. The study enabled recommendations 
to be provided for the agents involved so as to guarantee the structural safety during the intervention 
process. 
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ABSTRACT 
 
In the rate of deterioration of concrete, permeability is the parameter that directly influences, 
especially in situations where concrete is exposed to moisture. Currently there are no reference 
values that allow to know the degree of permeability of concrete with additions, which is known 
that improve by additions, such as microsilica (MS) and Metakaolin (MK). The purpose of the 
present work is to quantify the effect of small amounts of MS (5-10%) and MK (10-15%) on 
concrete permeability. The mixtures, which were use, correspond to w/c ratios of 0,40 to 0,60 and 
tests were carried out at 28 and 56 days. The permeability coefficient k was measured by applying 
a hydrostatic pressure difference between the two faces of the specimens. The flow of water passing 
through the specimens, or the depth of penetration in the material, was measured and the results 
show a significant reduction in k with MS and MK additions.For 10%MS the K parameter obtained 
was 0.95x10-13m/s ;in case of  MK this Kvalue was 1.63x10-13m/s. 
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ABSTRACT 
 
The retrofitting project of the old municipal slaughterhouse of Viana do Castelo, a building with a high 
heritage value dated from the beginning of the 20th century, must preserve the impressive masonry 
façades made of granite stone.  
In order to evaluate the adhesion tension of the mortar to the granite walls, a set of pull-off tests was 
carried out during the summer of 2017. During the experimental campaign, the mortar revealed to have 
no resistance. Failures occurred due to the mortar cracking leading to a set of bad results. 
Due to the bad results, a new experimental campaign was developed to study four new façades render 
solutions, designed to improve the façades performance and afterwards to select the most adequate 
render, according to the experimental results. Two types of mortars layers were applied to the granite 
walls: a cement mortar, with and without a bonding coat, and a lime mortar, also with and without a 
bonding coat. These new rendering solutions were tested on façades with different orientation, in order 
to evaluate the influence on the results of the climatic agents. 
The attained results allow us to conclude that the application of a previous bonding coat to the granite 
walls leads to higher values of the adhesion tension for the applied mortars solutions. The improvement 
due to the previous application of the bonding coat is valid both for lime and cement mortar. The 
application of a cement mortar over the bonding coat leads to 60% of the pull-off tests with results over 
0.3MPa, value for adhesion resistance defined by the standards that frame the application of pull-off 
test. This coating solution seems to be the most adequate for retrofitting the granite walls. 
Besides an adequate adherence to the substrate throughout their service life in order to protect the walls 
from the degradation agents to which they are subjected, coating mortars should also meet some other 
performance requirements, mainly to present a good plasticity, to increase the vapor permeability, to 
reduce effloresce and to avoid shrinkage and cracking due to effect of the climatic agents. The southern 
facade of the building, given its high exposure seems to be most relevant to study in order to define the 
most adequate rendering for retrofitting the façades of the building. 
 
  

mailto:acurado@estg.ipvc.pt
http://www.ipvc.pt/


 
1.- PREVIOUS STUDIES 

1.7.- Diagnostic techniques and structural assessment 
 

REHABEND 2018 Congress 157 
 

 
 

CODE 461 
 
 

CHARACTERIZATION OF CLAY BRICKS APPLICABLE IN THE RESTORATION 
OF BRICK SKIN OF ARCHITECTURAL HERITAGE IN THE URUGUAY 

 
 

Romay, Carola1; Rodríguez de Sensale, Gemma2 
 

1: Facultad de Ingeniería, Universidad de la República, Uruguay 
e-mail: cromay@fing.edu.uy 

2: Facultad de Ingeniería, Universidad de la República, Uruguay 
e-mail: gemma@fing.edu.uy 

 
 

KEYWORDS: Clay bricks; characterization; restoration. 
 
ABSTRACT 
 
The use of exposed ceramic bricks in building’s facades or roofs was a frequently used solution in the 
architecture of the 20th century in Uruguay. The unique characteristics of these clay units (color, texture 
and durability) are determinant aspects in the definition of the cultural and technological value of some 
buildings with heritage protection. Some of these buildings were designed by outstanding local 
architects, as J. Vilamajó, E. Leborgne, M. Payssé Reyes and R. Lorente; and engineers as E. Dieste, 
whose works have been recently inscribed in the tentative World Heritage List of UNESCO. 
Working in these buildings to value and preservate them, currently demands the use of restitution piecies 
compatible with the original ones. This implies the need to initiate characterization studies comparing 
the original masonry units and those potentially available in the country in order to select the most 
suitable units to guarantee the conservation of these buildings. 
This article presents the results reached in the characterization of different types of clay units produced 
nowadays in the country. The results are compared with the characteristics of units extracted from 
protected buildings in order to establish the degree of suitability of the first ones to replace the historical 
units. The properties studied are the mineralogical composition, capillary suction, permeability to high 
pressure water, absorption, efflorescences, color, superficial hardness, compressive strength and 
resistance to penetration. 
 These advances, in addition to contribute in the descision making about the suitability of the clay units 
studied for their particular use in the indicated buildings, encourages the creation of a technical data 
base of national ceramic products not yet available in our country. 
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ABSTRACT 
 
The stone from San Cristobal hill (El Puerto de Santa María, Cádiz-Spain) was used from the 15th to 
the 18th century in many of the monumental buildings in the Andalusian counties of Cadiz and Seville, 
such as Santiago Church and the Cathedral in Jerez de la Frontera-Cadiz or the City Council and the 
Cathedral in Seville. 
The degradation that this sandstone presents in some important buildings of the Andalusian heritage 
causes concern for people who participate on their restoration and maintenance. The current low 
compression strength of this stone has caused important architectural and structural interventions. 
One of the main characteristics of this stone is the great absorption capability. If this property is matched 
with atmospheric agents, the stone become softer and can easily decompose, causing important material 
and strength losses. 
The aim of this paper is to contribute to the mechanical characterization of this stone using a geophysical 
method and analyzing the effect that humidity produces on its mechanical properties with deep interest. 
To develop this study, we count on a series of test pieces that belong to the Church of Santiago in Jerez 
de la Frontera. They have been extracted from columns in parallel to columns axis. 
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ABSTRACT 
 
Knowledge of the mechanical properties of masonry structures is essential in all interventions, whose 
characteristics are influenced by the properties of bricks and mortar. In consequence, this study 
addresses the mechanical behaviour of ancient brick masonry structures considering low-strength 
hydraulic lime mortars. For this, an experimental campaign was carried out for their mechanical 
characterization. The campaign includes the determination of the properties of the constituent materials 
over time: two types of old clay bricks obtained from demolition, and 2 types of mortar combined 
hydraulic lime (HL) with two kinds of sandy aggregates (limestone, L and siliceous, S). 71 prismatic 
specimens of 40x40x160 mm were made, and tested under bending and compression at 28, 91, 180 and 
730 days of curing. Furthermore, the influence of the carbonation progress in these mortars was 
analysed. Additionally, two types of masonry specimens were constructed using the previously 
mentioned bricks and mortars. In consequence, six specimens were tested, three of each type. The paper 
includes a discussion on the ratio between the elastic modulus and the compressive strength of the 
masonry constituents and the comparison of these ratios with the ones suggested in design codes. A new 
source of data for the evaluation of the existing ancient structures was also obtained. 
 
 
  

mailto:yosbel.boffill@unican.es
mailto:haydee.blanco@unican.es
mailto:ignacio.lombillo@unican.es
mailto:luis.villegas@unican.es
http://www.gted.unican.es/
mailto:israel.sosa@unican.es


 
1.- PREVIOUS STUDIES 

1.7.- Diagnostic techniques and structural assessment 
 

160 REHABEND 2018 Congress 
 

 
 

CODE 497 
 
 

GEOMETRIC SURVEY, IN SITU MECHANICAL ANALYSIS AND STRUCTURAL 
BEHAVIOUR STUDY OF A 55M INDUSTRIAL BRICK CHIMNEY 

 
 

Lombillo, Ignacio1*; Fraile, Paula1; Boffill, Yosbel1; Blanco, Haydee1; 
Sancibrián, Ramón2; Villegas, Luis1 

 
1: Universidad de Cantabria, E.T.S. de Ingenieros de Caminos, C. y P. Grupo de Tecnología de la Edificación 

e-mail: gted@unican.es, web: www.gted.unican.es 
2: Universidad de Cantabria, E.T.S. de Ingenieros Industriales y de Telecomunicación 

e-mail: ramon.sancibrian@unican.es 
 
 
KEYWORDS: Industrial brick chimney; photogrammetry; laser scanner; flat-jack test; computational 
modelling. 
 
ABSTRACT 
 
Industrial brick chimneys are one of the most important symbols remaining from the industrial era. They 
were an essential elements, able to distribute the volatile combustion products at sufficient height, to 
reduce pollution on the ground. They also constituted landmarks of the industrial landscape of the time, 
serving in many cases as points of reference in the city. The existing difficulty of there being no 
functional use for the chimneys, once rehabilitated, should not be a reason for not keeping them. With 
this idea in mind, the article aims to develop the studies carried out in a 55m high industrial chimney. 
After this introduction, the works conducive to obtaining the geometry of the construction are presented. 
For this, in addition to the desktop work developed for the location of the construction plans, a 
topographic survey with total station was carried out, and exterior geometry was obtained by 
architectural photogrammetry and 3d laser scanner. A mini-perforation was made at the base of the 
chimney to determine, through videoendoscopy, the internal morphology of the chimney. In order to 
mechanically analysis the exterior brickwork of the chimney, a double flat-jack test was carried out. 
Equally, a simple flat-jack test to estimate the stress level in a specific area of the construction was 
carried out. With the data obtained, a numerical model was developed, which was validated, considering 
the loads of the chimney´s own weight, the solar thermal action and the wind action on the day of the 
simple flat-jack test, taking as a calibration point the experimental stress obtained. Finally, by using this 
model, the chimney behaviour was checked against more extreme wind actions to analyse the safety of 
the structure. 
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ABSTRACT 
 
About 55 % of the Spanish built-up park is previous to the year 1980 and almost 21 % is older than 50 
years. Is there sufficient the Technical Inspection of Buildings (ITE), as the only instrument that 
determines the degree of conservation of the real estate and allows to guarantee a worthy housing? How 
do the European requirements of the Package 20-20-20 “Energy and Climate Change” relative to the 
energy efficiency of the buildings apply in our country? 
The UNESCO Conventions on the Protection of the Cultural and Natural World heritage (1972 and 
2003) endorse the general applicable criteria for the management of the cultural heritage in the world; 
but, up to what point do they manage the generated tensions between the symbolic value and the capacity 
of generation of economic resources of the cultural heritage to mold these criteria? How is it the 
legislation in Spain in this regard? 
With this work we try to offer an explanation on the current regulation, and to do a general reflection on 
his application, repercussion, excesses and lacks, its influence and its achievements.  
In a descriptive phase a tidy and valued inventory is realized from the existing laws that can be applied 
to building rehabilitation and to the management of the heritage. In a posterior analytical phase, diverse 
practical cases are studied. In a third phase the results are classified and diagnosed and in a final and 
proposal phase, the application, impact, excesses and lacks of the legislation are measured and offers 
orientated to improving the legislative current area are raised. 
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ABSTRACT 
 
In the current legal framework, the urban renewal/refurbishment in Portugal, as most urban operations 
is governed by a set of laws, rules and regulations, making this subject a complex and stuffy legislative 
system.  The compliance checking of the majority of the urban operations is mainly a bureaucratic 
process, in which it is almost always possible to find a legal or processual provision that is not being 
satisfied. The rehabilitation activity by individual and private companies is deeply limited, whether by 
the inefficient and bureaucratic control, whether due to the issue of prior binding opinions regarding the 
design by dozens of external entities in which the query is mandatory and are dependent of the central 
administration. 
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ABSTRACT 
 
The management and conservation of cultural heritage, including architecture and urban sites, is a 
necessity and a duty of the modern world. The identity of European society is strongly linked to the 
architectural heritage, it represents an irreplaceable resource for its inhabitants, in terms of 
psychological, economic and social wellbeing. During the 20th century several international charters 
and conventions were adopted, developing and evolving conservation principles and methods. 
Meanwhile the object of the protection has changed, moving from the archaeological and artistic 
heritage to the historic towns, which require an integrated conservation in the society, in order to 
reconcile the urban renewal actions with the protection of historical and architectural values of each site. 
This means making delicate choices and difficult operations, which change from country to country 
depending on the attitude adopted regarding to the conservation. This work compares the legislative and 
political aspects on the theme of the architectural heritage management and conservation in Italy and 
England, in order to identify advantages and disadvantages of each approach and the lessons that can be 
drawn. Italy and England were chosen as case studies because they implement a profoundly different 
relationship between protection and utilization. The literature search carried out includes scientific 
articles, reports, laws and governmental and non-governmental guidelines. This research concludes that 
the relationship between protection and utilization depends on many factors: recognized values in the 
object of protection, affordability, rules and practices, limitations to the changes in legislation matter. 
The analysis of current attitudes about heritage built allows to understand the limits and potential of 
different approaches and the Italy and England are different in ideological, economical and 
methodological aspects, and therefore in the practical one. 
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ABSTRACT 
 
Juan Bautista Lazaro is a little-known architect in the Spanish architectural scene. However, he is a very 
interesting figure due to his approach in 1880 to a new way to restore our Heritage that differed from 
the usual actions that were carried out in our country at that time. In opposition to the practice developed 
by the followers of the “restoration in style”, Lázaro raised criteria closer to the conservationist 
principles. 
This article aims to show the criteria to heritage restoration that this architect established, after the 
research that I have done about his print publications, projects and restoration works during the last 
years. All the documentation has been obtained from different archives and libraries of our country. 
Lazaro was one of the most important architects of heritage restoration in Spain at the end of the 19th 
century not only because of his work in some of the most important buildings in Spain (the Cathedrals 
of Leon and Toledo, Santa Cristina de Lena, San Miguel de Escalada, Colegiata de Santillana del Mar…) 
but also because of his significant positions regarding the intervention in the architectural heritage: his 
respect for historical additions, his preference to avoid isolated monuments, his interest in structures and 
his desire to recover traditional crafts that were completely lost in Spain at that time. 
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ABSTRACT 
 
Two looks on a piece, temporary constructions where the product is also reflection and reflection 
becomes product. 
On the one hand, the visible work, the original project of Mesón de las Cañas (1947/1948) by Arq Julio 
Vilamajó and the process of project and execution of its reconstruction, shown in a chronological 
compilation that integrates graphics, photographs and texts over time (1947/2012) and on the other the 
invisible and possibly unfinished, unveiled through an invitation to the drift of project thinking, a look 
that oscillates between the analytic and the playful, the known and the unknown. 
A conversational model is established as a mode, which allows to recognize in the habit of the question 
and in the exercise of doubt, a way of knowledge generation. The unknown begins in the plane pl3542, 
a sulphite drawn on both sides, a vertiginous change of scale and a note from the assistant to the master 
who initiates a continuous conversation in time. A dialogue that in its course finds resignifications. 
Construction - reconstruction - product - reflection: they establish anarchic temporal relations that invest 
the current concept of time, that is, the idea of current time, as a linear, continuous, directed course 
where the time allowed is replaced by the undisciplined, that time model for which it is not contradictory 
to go simultaneously backwards and forwards. Practices that make the irreversible, reversible for a 
moment. 
A graphic story that connects texts and images as a shared thought out loud. 
The encounters with the building were, are and will be short essays, compose a notebook that allows to 
transform meanings, and are able to be ordered in memory time, technique, history, matter, landscape 
and its protagonists. 
Each episode determines a position and detaches itself autonomous, shareable and reinterpretable.  
A fragment that together with others will form lines still unpredictable, which will invite to continue 
building stable pieces ready to start again and propose again in the spiral of knowledge. 
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ABSTRACT 
 
The processes of depopulation and abandonment of the traditional agricultural activities experienced by 
many rural areas have led in recent decades to a situation of abandonment and defunctionalization of 
traditional architecture. However, the reoccupation of these ancient constructions is not simple, since 
they can not always satisfy the functional, technological and comfort demands that current lifestyles 
require. The inclusion of grafts of contemporary architecture is considered a way to adapt and, at the 
same time, preserve them. 
Building new forms on the remains of old buildings is a question that has provoked intense debates since 
the nineteenth century, although mainly around the monumental ruin. The purpose of this article is to 
take up the reflection, now applied to the vernacular, through the analysis of a specific type of 
intervention on the ruin, called "The house within the house". We refer to those interventions that reuse 
the pre-existence as a container in which a new construction is introduced. The capsule is required to 
satisfy the current requirements of use and habitability. The previous wall, appropriately consolidated, 
remains as an enclosure that facilitates the integration of the new object in the environment and 
providing a several values associated with the memory of the place and the building. Between ruin and 
artifact arises a contrasting relationship, in terms of time, functional, material, technological,... Both 
identities converge symbiotically to generate a hybrid that reinterprets the values of the past but with a 
renewed projection for the future. 
Several case studies are proposed: Dovecote Studio (Haworth Tompkins), S(ch)austall Rehabilitation 
(Naumann Architektur), E/C House (Sami Arquitectos), House in Tebra (Irisarri + Piñera), Rifugio 
Paraloup (D. Castellino, V. Cottino, G. Barberis, D. Regis), Architectural archive (Hugh Strange) and 
the renovation of a historical farmstead in Schöneiche (Alexander Palowski). 
 
  

mailto:david.ordonez@ehu.eus


 
2.- PROJECT 

2.1.- Theoretical criteria of the intervention project 
 

170 REHABEND 2018 Congress 
 

 
 

CODE 231 
 
 

THE IMPORTANCE OF PREVIOUS DIAGNOSIS ACTIONS WITHIN MULTIPLE 
CRITERIA DECISION MAKING 

 
 

Tavares, Alice1*; Costa, Aníbal2 
 

1: Universidade de Aveiro, RISCO, Departamento de Engenharia Civil. 
E-mail: tavares.c.alice@ua.pt, web: https://www.ua.pt/risco/  

2: e-mail: agc@ua.pt 
 
 

KEYWORDS: Multiple criteria decision making; AHP; diagnosis; cultural value; built heritage. 
 
ABSTRACT 
 
Multicriteria models within the Multiple Criteria Decision Making (MCDM) are set up with a complex 
multidisciplinary information framework that is provided by previous studies and analyzes, which for 
this purpose must be required in the context of the Inspection and Diagnostic Reports or Previous 
Reports. To better gauge the contribution of each expert, weighting weights are assigned to each 
criterion that will serve as a basis for analyzing alternatives to achieve the main objective, in a 
methodology that establish an hierarchy and constructs the decision, such as the AHP model. The quality 
of the final results depends on the compilation of adequate information and the previous in-depth 
knowledge of the built Heritage under analysis. This article intends to reflect on this process of using a 
multicriteria tool (MCDM), resorting as case studies areas of the historical center of Lisbon and Porto. 
From the study it was verified that for the rehabilitation processes with the maintenance of housing in 
the historical centers (without gentrification) the minimum intervention should be privileged. In this 
way it would be possible to establish good levels of functional compatibility, use and intervention costs, 
given the dimensional reality of housing, the costs and the average value of rents. Initiatives to promote 
urban rehabilitation for this purpose have in the MCDM important decision support tools. 
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ABSTRACT 
 
In order to improve the nave transversal response of historical churches, a strategy basing on wooden 
roof strengthening aimed to obtain the global “box” building's behaviour should be pursued. For this 
strategy the wooden roof has to work as a dissipative diaphragm able to contain the out-of plane lateral 
walls mechanisms by allowing controlled rocking of the walls. Therefore, the roof has to reduce the in-
plane shear transferred to the resistant transversal frames (or walls) by the dissipative behaviour of the 
steel connections. In this paper, the improvements due to the cross lam roof structure in the transversal 
nave response are pointed out with respect to several different solutions in terms of conservative 
restoration criteria. Moreover, the effects of the controlled lateral walls rocking obtained by cross lam 
panels are investigated for representative church configurations. 
The effects of the cross lam roof-diaphragm in terms of controlled rocking are shown by performing 
nonlinear analyses on equivalent finite element models simulating the nave transversal response. Once 
evaluated the target seismic performance of the church, in terms of maximum drift allowed by the 
masonry walls, the in-plane shear acting on the cross lam panels are evaluated too. 
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ABSTRACT 
 
In order to improve the axial capacity of masonry columns, the confinement techniques allow 
restoring the structural safety without altering the architectural value, the shape and the weight of 
the member. Traditional techniques do not always meet these criteria, so the innovation of the FRP 
technique is suitable in overcoming these issues. The use of FRP is now consolidated and its design 
criteria are well-defined in the Italian CNR DT 200 / R1-2013. The criticalities of this reinforcement 
technique are mainly related to the compatibility of organic matrices with masonry, especially in 
the case of historical-monumental buildings. This led to the replacement of organic matrix with 
inorganic matrices, creating systems like the FRCMs (Fabric Reinforced Cementitious Mortars). 
Despite the high number of applications of this technique on masonry structures, there are still no 
guidelines that govern its design. Based on a database of experimental compression tests on masonry 
reinforcements reinforced with FRCM-systems, the article presents an analytical study for 
calibrating appropriate design formulations to be included in future regulatory codes on this topic. 
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ABSTRACT 
 
The goal of this communication is the description of the main design variables that determine the 
efficacy of ventilated air cavities, typically laid out close to the foundation or base of the walls in cultural 
heritage buildings, in order to eliminate capillary rising damp. 
It is based on a methodology that has analyzed numerous projects and developed extensive field work 
in order to verify the performance of this type of constructive solutions. Both external and internal 
conditions of the cavities have been studied, as well as the environment of the building and the 
constructive characteristics of the foundation and the cavity. The real behavior of different types of 
cavities have been assessed through the collection “in situ” of the most relevant physical parameters of 
indoor air and the wall to which the chamber is attached. 
The main results obtained are summarized here, and the design factors of these cavities that are more 
important for the mitigation of the damage caused by capillary rising damp are put forward and 
discussed. 
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ABSTRACT 
 
Between 2005 and 2015, the Brazilian real estate market experienced strong growth, driven by the stable 
scenario of the Brazilian economy and policies to encourage real estate credit. With this demand, the 
companies of the sector sought to be more competitive in the market. One of the measures adopted is 
the search for more efficient executive processes. While the traditional manual methodology for 
underlayment predominates in the country’s construction sites, a self-levelling underlayment presents a 
tendency towards mechanization of executive construction procedures. This paper aims to present a case 
study of a residential construction in Rio de Janeiro which used self-levelling underlayment technology. 
Comparisons regarding cost and productivity of both methodologies were made to evaluate the viability 
of the self-levelling underlayment in future construction sites. Data obtained from other constructions 
were used to estimate the productivity and cost of the traditional underlayment levelling. The results 
demonstrate that the use of self-levelling underlayment has potential to be widespread and used in the 
constructions in Brazil. 
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ABSTRACT 
 
Built between 1753 and 1756 under the direction of Spanish military engineer Antonio de Arévalo, the 
Fort of San Fernando de Bocachica is still one of the most interesting examples of Spanish military 
architecture in the Americas, not only for its layout (a horseshoe shape with a curved seafront façade 
and inward-facing bastions) but also for its particular technical/construction characteristics. The 
foundations (made from recycled materials taken from the old Fort of San Luis) were laid using wooden 
piles and ashlars on a sandy terrain and support walls made of brick and coralline limestone blocks. 
Lancet arches, in turn, support a flat roof that serves as an observation deck. Not without its pathogens 
and despite being severely threatened by human and natural influences, the fort still stands and remains 
in use today. 
The purpose of this report is to provide a detailed account of the fort’s construction materials through a 
study based on the analysis of the materials employed in its construction systems: woods, clay bricks, 
mortars made with lime and stones sourced from the sea, all through laboratory tests conducted through 
the assistance of the Federal University of Bahia (Brazil) and the National University of Colombia. 
The results contribute in two ways: on the one hand, to understand the nature of the construction 
techniques used to select and prepare materials in the second half of the eighteenth century; and on the 
other, to provide the data required on the preparation of mortars and clays required when doing 
restoration work on the building. For example, the analysis of lime mortars used to bind bricks together 
reveals both their origin (sourced from quarries near the current site) and their pulverization and dosing 
methods when the mixtures were prepared. Likewise, the analyses detect the presence of pathogens that 
accelerate degradation processes. 
It is an original and unprecedented study, pursued through an experimental methodology that also draws 
upon the history of construction as background in order to facilitate the analysis processes and the 
interpretation of the results obtained. 
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ABSTRACT 
 
In recent decades, the construction materials of historic buildings in the Dominican Republic show an 
accelerated and advanced deterioration. For this reason, the main objective of this research is to 
determine the physicochemical characteristics and mineralogical structure of the historic brick used in 
the Cathedral of Santo Domingo, Primada de América, built between 1521-1541. This has led to studies 
never before conducted in the country, taking advantage of scientific developments in recent years. In 
consequence the methods used to determine characteristics of the brick are: Petrographic Microscopy, 
X-ray Diffraction (XRD), Scanning Electron Microscopy (SEM), Mercury Intrusion Porosimetry, 
Hygroscopicity or Pipette Test, Saturation test, Sclerometric analysis, infrared thermography, 
Colorimetry, salt and moisture estimates. At the conclusion, the minerals that made it up were obtained 
in a precise and quantifiable way, their chemical composition, resistance, porosity, water absorption 
capacity, as well as other physical characteristics. These results have been essential to your conservation 
and maintenance program. 
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ABSTRACT 
 
This research focuses on the analysis of the color homogeneity of Smalti type Murano glass pieces used 
for exterior tile coatings with trencadís technique, in which restoration work demands replacement of 
the glass tiles due to possible defects derived from exposure to atmospheric and environmental agents. 
For this, a color characterization of 48 Smalti samples, from the same manufacturer, was carried out 
using a portable spectrocolorimeter that allowed to make a catalog of the reference colors currently 
produced within the CIELCh color space, with the objective of evaluating the homogeneity of the colors 
of this handcrafted material. Subsequently, an analysis of the stability of these colors was performed 
based on a statistical comparison of the results obtained with the instrument and the color difference 
(ΔE94) was determined between the two faces of the glass sheet, to determine whether it was a factor 
to be considered at the time of the façade restoration. It is intended to continue this characterization and 
cataloging with a comparison of the values obtained with historical glasses. The present study provides 
a method of color analysis with a portable instrument that allows its subsequent use in situ in areas 
difficult to access, and a process for the categorization and identification of colors in non-industrialized 
materials. 
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ABSTRACT 
 
In the present work are proposed test methods for physical and mechanical characterization of 
compacted soil-cement. To achieve this objective, a new mold model for the production of Ø 5cm x 10 
cm specimens was proposed, replacing the mold adopted by the Brazilian standards, which recommend 
Ø10cm x 12.7cm specimens, making the tests more practical and reliable, in order to encourage the use 
of civil construction techniques that generate less negative environmental impacts. It is also proposed a 
metallic device for the diametrical compression tensile strength test, an important parameter for 
characterization of the material, which is not considered in Brazilian soil-cement standards. Tests were 
carried out using the proposed mold and device, as well as tests using the specimens produced with the 
current mold, to evaluate the proposed methods. With the results obtained, it is intended to open the 
discussion with other researchers, aiming at a future revision of Brazilian soil-cement standards, with 
the Brazilian Association of Technical Standards (ABNT). Some difficulties were found in the 
demoulding operation of the new specimens, however, the mold was corrected and the results obtained 
were promising, in terms of facilitating the process of physical and mechanical characterization of the 
material (with reduction of raw material consumption and of the time required for the specimens 
production) and to improve sampling, maintaining a level of reliability compatible with that obtained 
by current methods. From the point of view of the practical application of the obtained results, a soil-
cement dosage curve was produced, with the purpose of guiding the choice of the minimum cement 
content, to reach a desired compression strength, or established by norm. 
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ABSTRACT 
 
In January 2016, the bell tower of Sant Pere‘s church in Rosselló (a town 10 km away from Lleida) 
collapsed. The causes of the collapse, still undetermined, were probably due to the destabilization of one 
of the side walls of the bell tower itself. The church, built in the XVIII century, is the only one of the 
town and a restoration is urgently needed to recover the function of worship. 
The project of restoration does not propose the reproduction of the original tower, but to built a structure 
that marks its silhouette. The designers decided to use materials compatible with the original one, 
specifically using lime as a binder.  
The present study focuses on the investigation of an hydraulic lime concrete with specific initial features: 
 - a 90-day compressive strength of 10 MPa; 
 - reproduction of the color of the original stone of the front wall of the church; 
 - particular conditions of setting up. 
The investigation was based on the existing bibliography and local materials, to develop an experimental 
campaign in the laboratory. 
The results obtained satisfy the performances initially proposed and demonstrate the feasibility of using 
the lime concrete tested. 
The construction work is currently being done with excellent results. 
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ABSTRACT 
 
Interventions historic brick buildings require an exhaustive analysis of the current characteristics 
of the bricks, in order to establish the role that these elements maintain in the buildings. This study 
presents the result of an experimental analysis for the compressive strength of brick specimens 
extracted from different buildings built in the 19th and 20th centuries in the province of Zamora 
(Spain). specimens with very different characteristics are analysed, allowing comparisons between 
brickworks and manufacturing processes. The obtained resistance values are related to the result of 
a macroscopic and microscopic analysis of the material, which classifies the pieces into four groups, 
and to the results of the study of the density, absorption and open porosity of the samples. The 
compressive strength results show high variation between brick specimens and in-between the 
samples extracted from the same brick. A correlation between the of resistance and open porosity 
values, with less dispersion in the case of high sintering level is observed. Finally, the compliance 
with the current rules respect to their carrying capacity is checked. 
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ABSTRACT 
 
In the history of construction, the erection of a vault has always been an architectural/engineering 
challenge. Such a structures, indeed, were able to cover large spaces with complex geometries and a 
high effort in design and construction. Often, beyond the successful examples, many failures occurred 
along with disastrous collapsing and changes of mind. In any case, the whole available apparatus of 
structural and technological knowledge was exploited, leaving a large space to imagination and 
experimentation. On the other side, consolidated structural and architectural schemes were often taken 
from the rule of the art or from manuals. Technological innovation were always merged with the science 
of construction, with design and drawing – of the whole structure as well as of meticulous illustrations 
– and with a wise usage of traditional local materials. 
Stereotomy is the true heart of the vaulted construction. A precise science able to shape the constitutive 
material, the stone, with an absolute precision, useful not only to the statics of the system but also to the 
aesthetic output of the pushing structure. In this work many examples and constructive experiences are 
reported and compared. Furthermore, originalities and typologies are highlighted to show how the 
technical knowledge was highly transversal and shared, thanks to a large diffusion of ideas and artisans 
through the various countries. 
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ABSTRACT 
 
The historic centre of Iglesias, small town located few kilometres far from the coast in the south-west 
Sardinia, is an outstanding document with 800 years of history. 
Its story is linked with the exploitation of mineral resources of the Sulcis sub-region. We know that 
Iglesias exists since Middle Ages when the earl Ugolino della Gherardesca invested in its development 
as a “garrison” of the area.  
The building fabric is a palimpsest in which building types and technologies from various times coexist, 
those of the initial medieval phase and those of the more recent XIX – XX century urban 
transformations. These transformations were stimulated by the capitals and the intellectual resources 
that reunited in Iglesias for a new period of mineral resources exploitation.  
Now the historic centre is affected by a political strategy that aims at improving the living conditions 
and, more generally, at the development of the city through the valorisation of its cultural identity. This 
strategy calls for the arrangement of the urban plans. Recently, in the framework of a collaboration 
between DICAAR and Iglesias municipality, our research group has been asked to analyse the historic 
building fabric as a preliminary study to support the definition of the operational aspects of the historic 
centre urban plan. 
This paper describes the technological characteristics of the building fabric, in which local traditional 
building techniques, that belong to the pre-industrial economy, merged with technological innovations 
brought by the mining industry. These were used first for public and then for residential buildings. 
This work will spread the knowledge about this human settlement, that is characterised by an unusual 
history and that is few investigated by the building technology point of view. This study will be useful 
for those that will work for its rehabilitation and for comparative analysis with other case studies. 
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ABSTRACT 
 
The main concern of the fire regulation with the occurrence of fire is not related to the interest of 
preserving the patrimony, but rather to ensure that the structure remains with its preserved carrying 
capacity for a period of time considered sufficient to assure the total evacuation of people. 
The work developed is about the safety of buildings in compacted earth blocks (CEB) when subjected 
to fire situations. The results of resistance achieved by the CEB during a fire and after being cooled are 
analysed with the main objective of increasing the knowledge and thus ensuring the safety of the 
property and mainly of the people. 
It is also the objective of this work to understand the influence of the stabilizers, responsible for 
increasing the resistance of the CEB, through thermomechanical resistance tests in steady state. For this, 
5 stabilizers mixtures using lime and cement were analysed, and different behaviour responses of the 
material subjected to the fire action were obtained. An analysis of the residual compression tests with 
the sample that attained the best performance is also performed. 
The best performance was obtained for the composition with the highest amount of stabilizers, with 10% 
of lime and 10% of cement. However, the composition with 5.0% of lime and 7.5% of cement showed 
a resistance close to the previous one, this composition being a better choice due to the smaller amount 
of stabilizers, being more economical and more sustainable. 
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ABSTRACT 
 
In order to improve the quality of railway infrastructures and reduce maintenance costs, the replacement 
of traditional sleeper railways by concrete slab tracks system is proposed in this work. The use of 
recycled aggregate into the concrete should reduce the cost that this substitution implies. This recycled 
aggregate can be obtained directly crushing the elements removed from the traditional railway 
superstructure, specifically using the concrete sleepers and the ballast. 
In a first phase, the fatigue behaviour of mortars using the recycled sands from both sleepers and ballast 
wastes were analysed. Miniature cylindrical specimens of 40 mm height and 20 mm diameter prepared 
with recycled and natural siliceous sands, using the same grading have been manufactured: old sleeper 
concrete, ballast and standard silica sand. The method followed in order to analyse the fatigue behaviour 
was the accelerated LOCATI method. 
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ABSTRACT 
 
Architecture based on modernism’s precept in Brazil reached world recognition mostly by the hands 
and work of Oscar Niemeyer. The construction of a Brazilian architectonic identity is quite noticeable 
in the work of this architect, which is permeated with environmental considerations. Grounded on the 
consolidation of these precepts in the process of project creation, though late in North Brazil, two 
professionals came to be in the limelight, who are responsible for the reconception of modern Brazilian 
architecture when environmental conditionings in the region are taken under consideration; Severiano 
Porto (1930 -), headed in Manaus (AM) and Milton Monte (1929 – 2012) based in Belém (PA), this 
being the object of the PhD thesis. It can be said, summarily charactering Milton Monte’s work, that his 
architectural proposals aimed at understanding and adequately responding to specific climatic demands 
in the Amazon; nevertheless, much of his work reveals traces, structural solutions and architectonic 
elements and regional construction methods. By successfully applying such characteristics to his 
designs, Monte was able to directly influence both the method of project conception as well as future 
architects in the field. Thus, the same way Niemeyer made his the international style criteria and gave 
it Brazilian culture characteristics, so does Monte provide the architecture in Belém with an equatorial 
aura by interlacing the modern with the regional. 
Many particularities inherent to the work of the architect are condensed in the object which is suggested 
for the article referring to an architectural and constructive study on the Unifamily Housing Kalume, an 
award winning project in which Monte used, apart from armed mortar on the floor, the bent eaves, a 
devise of the architect’s creation; the topic – Project: traditional materials and construction methods – 
allowed a theoretical study on modernism in Brazil, the adaptations of the concept to the region, was 
developed; also a photographic, documental and project collection was made in the private heritage of 
the architect. This theoretical and documental search supported the comprehension of Milton Monte’s 
significant contribution to the building of a more modern and regional climate adequate Belém. 
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ABSTRACT 
 
Adobe is a traditional construction technique used throughout the world. It requires low-energy and 
produces minimal waste material among many advantages. Adobe can be found in historic and new 
construction throughout the world, many in earthquake prone regions. Due to their substantial mass and 
low tensile capacity, adobe structures are particularly susceptible to the effects of seismic forces. In 
addition, adobe is often affected by moisture that penetrates from the ground or through the plaster. This 
paper describes the preliminary findings of an experimental program to investigate the effect of moisture 
content on the lateral resistance of adobe walls. Lateral load tests were conducted on small-scale adobe 
walls with variable moisture contents to evaluate the effect of moisture near the foundation-wall 
interface. In addition to variable moisture contents, different foundation types (i.e., traditional versus 
modern) were used to evaluate their effect on the wall performance. It was observed that a slight increase 
in moisture content of the adobe has a significant effect on the wall’s strength characteristics. The wall 
behaviors were evaluated and compared. Finally, bio-inspired concepts are introduced for improved 
sustainability and resilience of adobe construction. 
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ABSTRACT 
 
The construction characteristics of architecture in the city of Cuenca (Ecuador), in accordance with the 
representative time periods of its cultural, political, economic and social transformation, have 
permanently defined the nature of the areas, zones, sectors and/or neighborhoods that constitute the city; 
even so, the recurrent use of certain local materials exposes both the attachment and availability to these 
materials; be it the case of andesite, brick, or travertine, but also other materials  like mud - in the form 
of adobe, bahareque (wattle and daub), plaster and paint – which delineate the architectural identity of 
the city. 
From recognition of this situation, the details of its architectural condition (type of element, location, 
general characteristics of shape and material appearance) are collected and documented in file records, 
as part of a preliminary characterization based on observation and field inspection applied to the French 
Neoclassical building facades, as it represents a temporary synthesis of the integral transformation of 
architectural work in Cuenca.  
Under this perspective, the identification of the historical uses of these materials, and the estimation of 
the risk to which they are exposed nowadays in such conditions implies an approximation towards the 
hierarchical implementation of mitigation measures of the incidence factors, as well as the treatment of 
pathological lesions, in accordance with the patrimonial valuation of the buildings or urban areas in 
which they are located, as well as the intrinsic material characteristics. For this purpose, application of 
the ABC Method, which in conjunction with the Leopold Matrix, defines the methodological guidelines 
that enables the analysis, as well as the determination of complementary fields of study, such as the 
characterization of materials, the prediction of scenarios, and the orientation of corrective and preventive 
public conservation policies. 
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ABSTRACT 
 
Between the end of the fifteenth and the beginning of the sixteenth century, military architecture 
underwent significant transformations. The use of the artillery and the progress of sciences occurred 
during the Renaissance period led to the introduction of new architectural forms and the consequent 
adoption of new building technologies. The main innovations were the replacement of the medieval 
squared towers with circular corner bastions, the lowering of the height of the fort constructions and the 
increase of the thickness of the defensive walls. The fortified walls of the city of Nicosia, built by the 
Venetians at the end of the sixteenth century, are to be considered among the first examples of the new 
way of constructing polygonal fortresses according to the changed requirements of the art of war.  In 
1570, the Venetians demolished and rebuild the medieval walls of the city in only eight months under 
the threat of the imminent invasion of the Ottomans. The new walls were designed by the Italian military 
engineer Giorgio Savorgnano according to the Renaissance ideal city with a stellar shape circumscribed 
in a circumference of a diameter of 7 km interrupted at regular intervals of 260 meters by eleven heart 
shaped bastions of the same size and form, outlining a regular hendecagon with eleven sides and eleven 
angles. The adoption of the circular lines of the walls and the shape at the heart of the ramparts provided 
a greater resistance to the fortification than those of the medieval type with squared lines, which made 
corner areas of the weakness points of the fortification. In spite of the numerous and bloody conflicts 
that have marked the history of Cyprus, the Venetian walls of Nicosia have been preserved until today 
and can be counted among the most beautiful monuments of the worldwide military architectural 
heritage. This work illustrates the preliminary experimental results of a research activity aimed at the 
study of construction technologies used by the Venetians for the construction of Nicosia fortress and at 
the characterization of the original materials, whose knowledge is a prerequisite for the design of 
restorations and maintenance of the architectural heritage. 
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ABSTRACT 
 
The Extremadura vaulted system is made up of the extreme vault and the walls on which it rests. It is a 
typical typology Extremadura (Spain), the Alentejo (Portugal) and bordering areas, which has been used 
in the construction of houses and buildings until the early seventies of the last century. 
The extreme vaults are like the vaults of edge, but in which the central key of the vault is higher than 
the keys of the arches of the arrangements in the walls. The difference between both dimensions is called 
rumble. Another important geometric variable in the behavior of the system is the point, which is the 
arrow of the elliptical arc of the arrangements of the vault. Therefore, a difference of the firearms that 
are the result of the intersection of two cylinders, these two are the intersection of two toroid of a wide 
radius. 
To carry out an analysis and evaluation of the structural system, within an intervention that is 
increasingly common, it is essential to know the most important variables that condition their behavior. 
This is what is conducting a study of the structural behavior of the system, which is analyzing the most 
important variables, both geometric and mechanical. 
Within this study, a parametric analysis of the geometric variables has been carried out in which up to 
648 configurations of vaults and walls have been studied. In this communication the works carried out 
are exposed, describing the geometric variables that influence the behavior of SABOVEX. After a 
sensitivity analysis, the most influential variables, to finally present the parametric analysis of how to 
influence the light, the point and the return in the deformable and resistant behavior of SABOVEX. 
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ABSTRACT 
 
This paper aims the revision of work already carried out on soil-cement blocks with incorporation of 
waste, which it´s the basis of VALORCOMP project and which intends to characterize ecological blocks 
resulting from a homogeneous and compacted mixture of soil, cement and water in suitable proportions, 
cured without heating. 
Soil is an abundant raw material, recyclable and reusable, non-combustible, non-toxic, with significant 
thermal behaviour and without too expensive transformation processes, which allows selecting this 
material as a major possibility for sustainable construction. The limitations of soil as a construction 
material, in particular its mechanical behaviour and its susceptibility in the presence of water, can be 
minimized through soil stabilization processes.  In the composition of the blocks, the soil is the major 
element and the cement is added in various proportions functioning as a binder since it is responsible 
for the mechanical strength properties of the final product. With wastes incorporation, mechanical, 
physical and thermal properties change. Laboratory tests in order to evaluate the potential use of the 
wastes in blocks composition, it´s essential. 
The main organic wastes found in the research were eggshells or ashes, rice husk, malt bagasse, sugar 
cane, boiler ash, waste paper industry, wood and organic waste deposited in landfills. The best results 
in terms of overall performance were achieved with eggshells or ashes, rice husk, banana bagasse and 
organic residues, which allows verifying that this alternative of reuse for the wastes, besides the 
environmental advantages also allows a low costs associated with landfills. 
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ABSTRACT 
 
Each intervention on the built heritage requires, before moving to operational in situ, a fundamental step 
of knowledge and analysis of all the historical, architectural, constructive, structural and architectonic 
aspects of the latter because of their sensitivity, complexity and the values it possesses. Indeed, in the 
framework of the preservation of ancient buildings located on the Algerian coast, the rehabilitation of 
colonial coastal lighthouses needs in-depth knowledge of their architectural typologies, materials and 
constructive techniques. 
The colonial coastal lighthouses in Algeria constitute a very interesting patrimonial richness dating back 
more than a century and a half and represent a variety of architectural and constructive typologies of the 
late 19th century and early 20th century, due firstly to the chronology of their construction where the 
first lighthouse was built in 1861 and the last in 1954, secondly, to their geographical location which is 
different either on land (on cape), on islets or on isolated islands at sea , And finally, to their tower, 
which is the remarkable and highest element in a lighthouse, whose forms, heights, and locations in 
relation to the building vary from one lighthouse to another; Which one finds either the tower in the 
middle of the building, or the tower attached to the building or the independent tower. 
Our presentation will focus on all the constructive typologies of these buildings in stone masonry, which 
we find structures with stone and other with cut stone coated or apparent size with the blocks of stone 
for the corner chaining And the framing of openings. And also on architectural typologies that 
encompass a category where the lighthouse building is alone and another one whose lighthouse forms 
an ensemble with ancillary buildings with or without garden. 
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ABSTRACT 
 
During the decade preceding the independence of Algeria, the French architect Fernand Pouillon 
marked the Algerian context by many architectural projects. With deficiency in residences, the 
needs for re-housing the Moslem community of the shantytowns as well as the urgency to build in 
quantity, quickly and at lower cost, were the conditions to satisfy immediately. 
However, at that time both cement and steel were insufficient, and to find materials of replacement 
constitutes a major task. In this respect, Pouillon conceived and implemented material diversity as 
well as constructive modes in stone masonry in its projects. This alternative, allows cost effective 
constructions with a better quality and resistance. Indeed, contrary to the “HLM” constructions of 
the time, which were built expensive and within long times, Pouillon was able to maintain not only 
the costs and the deadlines but also the quality and the comfort of the inhabitants.  
The choice of the “prefabricated stone” of Paul Marcerou, gives place to several modes of 
implementation and is accompanied by complementary technical research that Pouillon tested in 
the whole of Tourette in Marseilles, then continues with the 200 residences of Aix in Provence, and 
finally the Algerian operations. 
The scope of the present research is the revelation of the built heritage of Fernand Pouillon in 
Algeria. Based on the work of preceding researchers as well as on some in-situ investigations, this 
research is thus a contribution to rediscover the traditional materials and innovating construction 
methods, implemented by this architect. 
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ABSTRACT 
 
This article presents some of the main results of laboratory tests done with additives waterproofing 
agents based on minerals applied to concrete and having, among other properties, the ability to 
make it waterproof. The waterproofing capacity of the concrete was tested when receiving this 
additive in its trace, as well as its resistance compared to the concrete of trace standard (without 
additive), through the breaking of cylindrical specimens. Comparatives of guarantees, durability 
and its own resistance. In addition to the trait suggested by the manufacturer of the product, several 
other traits were tested so that it could be observed as the ratio between the quantity and water-
cement factor, influence the strength of the concrete as well as its waterproofing. A major joint 
effort of the technical society (research entities, universities, manufacturers of materials, 
construction companies, developers, entities representative of consumers and representatives of 
public authorities) is being provide a level of performance compatible with the required concrete 
structures. 
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ABSTRACT 
 
Achieving the sustainable development target is not plausible through only technological perspectives, 
especially in the building sector, it requires the incorporation of multiple paradigms. Through the 
continued affinity for technological solutions, the sector has demonstrated a sustained undermining of 
the stability of the planet and unsustainable usage of earth’s resources. Suffice it to state that, on the 
other hand, built vernacular heritage has demonstrated varied layers of lessons in these contexts. 
However, these lessons fell victim to alternative engineering safety paradigm offered by modern 
building construction. In this vein, this paper argues that while it is necessarily true that built vernacular 
heritage lacks engineering compliance, the amalgamation of its age-long sustainability lessons with 
minimal contemporary engineering solutions could provide alternatives to the challenges of greenhouse 
gas emission and unsustainable use of earth’s resources in the building sector. To validate this position, 
therefore, this paper conducts a comparative analysis of a built vernacular heritage and a modern 
building in the context of the building envelop and carbon footprints, with the aim of demonstrating 
the values of built vernacular heritage in the context of Sustainable Development Goal (SDG) 13. 
Conclusively, this paper posits that, imbued with the values from the past, built vernacular heritage 
is a finite and non-renewable environmental resource which needs to be sustained for the benefit of 
future generations.  
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ABSTRACT 
 
The present work analyzes the influence of the substrate preparation on the adhesion of mortar, 
especially the preparation of the roughcast, simulating situations that occur on site. The study was 
carried out from field tests and include the preparation of samples in 5 different conditions (reference: 
no preparation of the substrate, substrate surface moistened with water, moistened with lime solution, 
with roughcast, roughcast with lime solution). The substrate was made of ceramic bricks on which 
industrial cementitious coating mortar was applied. After 28 days, adhesion strength tests were 
performed, in accordace with NBR 13528 (2010). The results show the influence of the substrate 
treatment on the adhesion, especially in the case using roughcast with lime solution, instead of the 
substrate surface moistened with water (adhesion increase of approximately 30%). This is an alternative 
of simple implementation and low cost. 
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ABSTRACT 
 
Fly ashes (FAs), generated as by-products, can be active in the presence of lime generating cementing 
hydrates through pozzolanic reaction. These can enhance the strength of hydrated-lime mortars still 
preserving their physical and chemical compatibility with traditional and historic masonry. 
This paper assesses the properties and reactivity of FAs from different sources in order to evaluate their 
potential as pozzolanic additions in lime mortars. 
The results evidenced that the incinerator and sugar bagasse ashes studied are reactive and combine 
substantial lime. All ashes significantly increased the flexural strength of hydrated lime alone and only 
one of the incinerator ashes lowered the compressive strength of the lime at 90 days. The significant 
strength increase is probably due to the generation of pozzolanic cements and to the increase in 
nucleation sites for C-S-H precipitation.  
The gas adsorption measurements indicate that the specific surface areas of the ashes range between 
4.50 and 5.27 m2/g. Values greater than those typical of other pozzolanic additions such as GGBS and 
PFA, however, lower than RHA or MS. 
The finest (incinerator) ash (IFA2) which also has the greatest specific surface area and the highest 
calcium content, shows the greatest activity with the mechanical test however disagreeing with the 
chemical test. The compressive strength reactivity rating follows the trend of the BET results where the 
most reactive ash is IFA 2, followed by IFA 3 and finally IFA 1.  
The ashes consist of a mix of irregular porous and vitreous particles. The chemical composition and 
the presence of cubic crystals suggest the presence of halite (NaCl) in the incinerator ashes which 
can adversely impact material durability. The mineral composition evidenced the presence of 
silicates, oxides, carbonates and salt minerals. 
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ABSTRACT 
 
The injection aim has been the inner consolidation of the stone walls which remained an incorrect 
present state, in order to improve this way their behaviour and strengthening them without hardening. 
This natural lime mortar injection in the Santa María cathedral stone walls was preceded with imperative 
studies based on the cathedral structure behaviour and the utmost necessity of repair it. Once the 
injection decision was taken, those surveys have been following two main different ways, the proper 
material selection and the application techniques on site. It was decided that the injections were made 
of medium strength features natural hydraulic lime and low grading aggregates, providing a high fluent 
mortar obtained by means of additives. For he on site performance, surveys have been focused on what 
pressure the material should be injected into, the dumping rhythm not only in time but also in volume, 
the wall penetration extent and the minimization of the produced damage because of the necessary 
perforations for the injections. All this tasks do not complete the studies on lime injection for the stone 
walls consolidation, it is essential to do a pursuit routine, by means of monitoring, on the movements of 
the injected elements thus the evolution and time stability could be observed. 
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ABSTRACT 
 
There are products on the market known as migratory corrosion inhibitor agents (ICM), which are 
characterized by their ability to move through the porosity of the hardened concrete and to place in the 
reinforcement zone, drastically reducing the corrosion intensity and thus preventing pathological 
phenomena related to the corrosion of the reinforcement in the structures of reinforced concrete. 
Migratory corrosion inhibitors are liquid products that are applied directly to the surface of hardened 
concrete and must be able to migrate to the reinforcement zone. This mechanism has aroused much 
scepticism in engineers and architects, which has entailed the limited use of these technologies.  
 
BASF Construction Chemicals, with its migratory corrosion inhibitor agent, has carried out an intense 
monitoring of its effectiveness in a real project, the Miró Foundation of Barcelona, where the application 
of the inhibitor was made in 2005 and measures have been taken of monitoring in 2007, 2013, and 2015, 
by the “Instituto de Ciencias de la Construcción Eduardo Torroja”, obtaining spectacular results even 
under adverse conditions of carbonation, after ten years since the application. 
 
Once the effectiveness of the product has been demonstrated in real cases, the use of proven corrosion 
inhibition agents (ICM) opens new possibilities in repair techniques and in its design and design, and 
represents a unique opportunity for preventive interventions. 
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ABSTRACT 
 
With the discovery and subsequent development of portland cement, in the restoration of traditional 
structures there has been a tendency to use cement mortars in a systematic way. However, damage to 
the masonry and factories in general has been repeatedly reported due to the incompatibility of this 
cement with the materials of the old buildings. 
The most recent restoration works have studied and reproduced lime mortars used in antiquity because 
they are considered more suitable for compatibility between materials, non-chemical aggression to stone 
and structural ceramics, and in order to avoid excessive stiffness in the breast of the constructive 
elements. But there are no studies on its structural safety. 
It is possible to improve the design of the mortars and concretes for the historical structures with 
aggregates of controlled granulometry and that in turn decrease the mass for a better structural behavior 
of the historical structures especially before seismic actions (as they can be the vaults before an 
earthquake to make them compatible with the elements to be restored), with the inclusion of granulated 
cork (recycled, surplus of other processes) and adding polypropylene fibers. 
The study confirms that it is possible to obtain a mortar and concrete that applied to the factories, it 
achieves a greater physical, chemical and mechanical compatibility with the structures of the historic 
buildings. A better structural behavior, more ductile and less rigid, has been demostrated, lacking "brittle 
breakage". 
The use of hydraulic lime for the restoration of the patrimony and in particular to improve the behavior 
of the structures of historic buildings in certain accidental situations such as the earthquake is a clear 
innovation because it is this material improved with fibers and cork the ideal to assume this structural 
role. 
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ABSTRACT 
 
In the present work, the physical and mechanical properties of different types of concretes made with 
commercial cement and with natural and recycled coarse aggregates are evaluated. For this purpose, 
cylindrical specimens with different dosages were made: a standard concrete with commercial cement 
and natural aggregates, and two concretes with commercial cement and recycled aggregates with 25% 
and 50% replacement. 
The density, porosity, absorption, resistance to simple compression, modulus of elasticity and behavior 
to resonant fatigue in compression were determined from the processed concretes. To carry out this last 
test, the Locati methodology was applied, for which 6 steps of 1·105 cycles each were configured, with 
a single minimum voltage and an increasing maximum voltage for each of the steps. 
The results obtained show that there is a significant loss of load capacity in all the concretes evaluated, 
regardless of their type. On the other hand, a high loss of rigidity is observed in the standard concrete, 
while in the concretes with recycled aggregates said loss is significantly lower 
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ABSTRACT 
 
In the present study, the main results of the characterization of the components of a structural concrete 
for protection against ionizing radiation from radiological installations are presented. 
Those radiological equipments are placed in several kind of facilities, from radiotherapy or nuclear 
medicine installations to industries for materials production, or nuclear power generation plants, all of 
them with stringent security requirements, specially in terms of protection against radioactive release. 
Therefore, they must be built with suitable construction materials, among which structural concrete is 
one of the most important. 
Its design parameters are not set to obtain a high-performance concrete, but a very high-density one, 
whose total aggregate fraction is composed only by magnetite aggregate (90% ferrous-ferric oxide). The 
use of this kind of high-density aggregates may provide a concrete with a low thickness of the half-value 
layer. This allows higher attenuation of electromagnetic ionizing radiation and, at the same time, the use 
of smaller concrete thicknesses. 
The study also proposes the use of a water/cement ratio of 0.59, attending to a compromise solution 
between the overall density of the concrete and its resistance, and the establishment of mix proportions 
with three aggregate sizes (0/2, 0/8, 0/20) and Portlad cement CEM I. 
On the basis of this, this concrete characterization requires a study on its mechanical behavior under 
high temperatures, by mean of tests that emulate the thermal effects radiation and extreme temperature 
gradients would cause in case of accident. The physical-mechanical behavior of the concrete after 
exposure to aggressive external agents is also investigated, in order to quantify its life expectance. This 
characterization is accomplished with those tests dictated by the standards. 
The obtained results show the feasibility of obtaining a suitable structural concrete with high density 
and a suitable behavior that allows its application in radiological installations, guaranteeing its 
effectiveness against high temperature shocks. 
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ABSTRACT 
 
Through the analysis of 80 interventions in buildings and urban spaces of the historical heritage 
belonging to 24 countries, it has been established that structural membranes (both fibre-based and ETFE 
films) are suitable for refurbishment when protection, extension of the covered areas or courtyards are 
needed, because they are able to satisfy the principles of restoration of the architectural heritage 
formulated by the International Council on Monuments and Sites. 
Three intervention strategies have been identified. The first strategy does not alter significantly the 
architectural character of the building or its constructive integrity. The second strategy adopts a different 
approach but maintains a dialogue in such a way that the coherence of the whole is maintained. On the 
other hand, the third strategy introduces a totally new concept by juxtaposing an outstanding new shape, 
which could be an appropriate choice if the context lacks character or definition.   
On special occasions, the preservation of the external image of the building is added to the 
aforementioned principles. It is a requirement that considerably affects the design. It is also noticeable 
the suitability of membranes to cover large areas on existing stadiums and arenas because this capability 
is based on the lightness, translucency and compatibility of the intervention that does not alter the basic 
outlines and preserves the architectural character being easily differentiated and in some cases, easily 
removed. The same features are convenient for the protection of ruins and archaeological areas that 
require minimal and reversible interventions. 
The concepts involved are illustrated with examples taken from the author's own experience and most 
of the projects on which the research is based are available at: 
http://sites.upc.es/~www-ca1/cat/recerca/tensilestruc/REFURBISHMENT_web.pdf (24/10/2017).  
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ABSTRACT 
 
In order to improve the quality of railway infrastructures and reduce maintenance costs, the replacement 
of traditional sleeper railways by concrete slab tracks system is proposed in this work. The use of 
recycled aggregate into the concrete should reduce the cost that this substitution implies. This recycled 
aggregate can be obtained directly crushing the elements removed from the traditional railway 
superstructure, specifically using the concrete sleepers and the ballast. 
To evaluate the quality of the sands from both sleepers and ballast wastes, the durability of mortars was 
analysed, as well as with siliceous natural aggregate sand. In order to evaluate the behaviour to aging, 
humidity-dryness cycles tests have been performed. The humidity-dryness cycle test was performed 
using three different types of fluids: distilled water, seawater and water with sulphates. 
To quantify the durability of mortars with each type of aggregate measurements of the mass of the 
specimens have been performed, both dry and saturated and it has been analysed the microstructure after 
the exposition to each aggressive agent. 
 
  

mailto:sainzajaj@unican.es
http://www.ladicim.unican.es/


 
2.- PROJECT 

2.3.- Novelty products applicable and new technologies 
 

204 REHABEND 2018 Congress 
 

 
 

CODE 247 
 
 

CHARACTERIZATION OF SELF-COMPACTING MORTARS WITH ADITTION 
OF PERLITE POWDER AND LIMESTONE POWDER 

 
 

Cortez, Franco1; Artigas, Veronica2 
 

1: Facultad de Ingeniería 
Universidad Nacional de Salta, Argentina 

e-mail: franco6cortez@gmail.com 
2: Facultad de Ingeniería 

Universidad Nacional de Salta, Argentina 
e-mail: veronicaartigas6@gmail.com 

 
 

KEYWORDS: Mortars; self-compacting; perlite; limestone filler. 
 
ABSTRACT 
 
The benefits of limestone filler as partial replacement of portland cement are very well known, increases 
the resistance at early ages and improves the viscosity in mortars and self-compacting concretes. On the 
other hand, fine ground and unexpanded perlite has not been studied in depth as addition in mortars and 
concretes. However, its high silicon and aluminum oxides content can increase the strength of concrete 
at late ages. It is therefore that many mixes was proposed, replacing cement with perlite powder (PP) 
and limestone filler (LSF) in several proportions until 50% by mass. Rheological properties were 
evaluated by V-funnel and Slump flow tests. Flexural and compression strength was evaluated in 
prismatic samples of 40x40x160mm at 1, 3, 7, 28 and 90 days. The results have been used for the 
evaluation of the combination of these materials that offer a better performance for a self-compacting 
mortar in the fresh as hardened state. 
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ABSTRACT 
 
The general consumption of concrete is way over any another material of engineering. The speed of 
depletion of the natural resources associated with this consumption is evident. One of the main problems 
of the steel industry related to the manufacture of steel, are the secondary products that are produced, 
causing over the past few years news types of industrial residues that depending on the sustainability of 
the environment, are re-used or well-treated. This work proposes the analysis of the resistant behavior 
of residues in test tubes of concrete, like the powders of smoke proceeding from ovens of electrical arch, 
when the melting of the materials takes is produced. 
It is tried by this work to contribute to the evaluation of the behavior of these materials, characterising 
its properties. Its durability or aptitude to support, during the useful life for it has been projected to, the 
physical and chemical conditions to which it is exposed, and that would manage to cause its degradation 
as consequence of different effects from the considered  charges and solicitations in the structural 
analysis. 
The aim is to analyze the concentration of industrial residues as concrete component promoting 
economic and environmental improvements. What interests us is the knowledge of the Carbon footprint 
and the Water footprint of the products, which are the indicators of the largest use and founded on the 
concept of Analysis of the Life Cycle (ACV) in agreement to international ISO procedure [1,2 and 3], 
and as such, they need experiences and relevant conclusions to complete their research. 
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ABSTRACT 
 
The application of Laser scanning, has introduced significant changes in 3D data acquisition process 
and in contrast to the “classical” manual data acquisition techniques, such as terrestrial surveying and 
analytical photogrammetry, these automatic recording methods allow an automated dense and accurate 
sampling of the object surface within a short time. 
Due to the development of this technology and also to the fact that precision and measurement volume 
requirements are very diverse, one laser scanner is not normally enough to cover all the applications in 
cultural heritage. Thus, the study of the performance and results accuracy of different types of equipment 
in a variety of scenarios is important to assess their capabilities against different objectives and needs in 
terms of cultural heritage. 
In this paper we present the results of a comparative analysis of 3D data collected with three types of 
Laser Scanning equipment and respective fusion, used in the survey of the Founder´s Chapel of Santa 
Maria da Vitória Monastery, also known as Batalha´s Monastery. The Laser scanning systems used 
measure the time lag between the emission of a laser beam and the detection of its backscattered echo 
using different forms of measurement such as, round-trip time measurements, phase based ranging and 
triangulating laser scanner measurements. The data was collected with equivalent capture conditions. 
This work is part of the project entitled “Monumental Polychromy: Revealing Medieval Colours at 
Batalha” which aims to recreate the three-dimensional original polychromy of the Founder´s Chapel of 
Santa Maria da Vitória Monastery, Portugal. 
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ABSTRACT 
 
Much of the cultural heritage such as monuments, facades and sculptures, is made with stones of 
different nature, or mortars of plaster and lime. The great variety of materials and execution techniques 
employed implies that the alterations they suffer are very heterogeneous and complex. The alteration 
and deterioration processes are produced by the natural aging process of the materials, or induced by 
external agents. In recent years, the deterioration of historical and cultural heritage assets has been 
accelerated by the increase in pollution and the absence of preventive conservation systems. One of the 
most important deteriorations at present is due to the proliferation of microorganisms. Among the 
conservation treatments we can find biological control through biocides, cleaning, the application of 
consolidants or water repellents. On the other hand, restoration mortars on a lime basis are perhaps the 
most frequently used materials in the interventions of historical and archaeological constructions. 
Taking into account this situation, a consortium led by the GRUPO PUMA company, together with the 
company ALSENS TECH and the research organizations Universidad de Córdoba and Fundación 
CIAC, have agreed to tackle this problem. They are developing functional materials based on 
encapsulation techniques to obtain products based on lime mortars with biocidal activity, for the 
rehabilitation of historical heritage. These materials are developed from inorganic supports such as 
mesoporous materials, laminar hydroxides or clays and in polymeric materials, in which substances with 
biocidal activity are encapsulated. The objective is to lengthen the biocidal activity of the mortar and 
reduce the initial concentration of biocide required. The results are confirming the encapsulating 
capacity of the selected supports, their effectiveness in the release of these products and the inhibition 
of the growth of microorganisms. 
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ABSTRACT 
 
This article aims to show how the use of BIM methodology and all the associated research and 
information management techniques can help to organize the results of a building pathology assessment 
campaign. 
The use of this methodology allows transferring data collected in a field campaign to a 3D model in 
which can be documented the main results obtained in a pathological study. 
Thus, it is described how the use of techniques such as laser scanner and photogrammetry point cloud 
acquisition allow the generation of a building condition model and documenting the existing damages. 
The main uses of BIM analyzed are: (i) Modeling of an existing building from the available technical 
documentation and data achieved in field campaigns; (ii) Integration of field campaign results in the 
model file; (iii) Structural building assessment from the model data. 
With these processes, it is intended to generate a well structured and easily accessible information 
database, in which can be possible to know, on time, the results of all field campaigns carried out, their 
location, and the results of the tests and analysis performed. In addition, all the information can be 
organized in a way that together allows the insertion of the obtained data in the assessment reports. 
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KEYWORDS: Condensation risk; dew point temperature; Phase Change Materials (PCM); moisture 
control and numerical simulation. 
 
ABSTRACT 
 
The condensation of water vapour on inner surfaces of residential buildings is a crucial problem, which 
influences the health and thermal comfort of the occupants. It also has important detrimental effects on 
the appearance and durability of construction materials. The mitigation of condensation risks is not 
simple, particularly in the process of rehabilitation of old buildings. The preservation of architectural 
features precludes the possibility of using thermal insulation materials in facades. The installation of 
these materials inside buildings (on walls and ceilings), when possible, leads to other problems, such as: 
(i) breeding of thermal bridges; (ii) reducing of thermal inertia; (iii) reducing the interior area. 
Phase Change Materials (PCM) can be incorporated into traditional building materials  with the aim to 
increase heat storage capacity, enable stabilization of interior surface temperatures of buildings whereby 
influencing the thermal comfort sensation and the stabilization of the interior ambient temperatures and 
without influencing the aspect of those traditional building materials.  
This paper aims to assess the possibility of using PCM plastering mortars to mitigate condensation risks 
in the inner surfaces of walls of old residential buildings. The use of PCMs in internal coatings can 
potentially avoid (or strongly reduce) the occurrence of condensation temperatures in the inner surfaces, 
thus fulfilling their twofold intent: improvement of inner thermal comfort and minimization of 
condensation risks. Numerical simulations are used to predict dew point temperatures due to exterior 
climatic conditions and envelope characteristics of typical Portuguese old residential buildings. The 
influence of PCM on condensation risk mitigation is assessed and the global results are presented with 
the goal of highlighting behavioural differences in regard to common construction materials. 
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ABSTRACT 
 
The aim of this work is the study of the influence, from the point of view of the thermal behaviour, of 
wood waste incorporation in cement and/or gypsum composites and its constructive implementation in 
building rehabilitation works. 
Previously, a characterization of the used waste is carried out and the physical (density) and mechanical 
properties (flexural and compressive strength) of the resulting composites are analyzed. 
Finally, the influence of the new composite materials use in building rehabilitation works is studied by 
incorporating them into thermal covering. Direct implementation techniques and/or new prefabricated 
products are incorporated. These solutions are compared with traditional constructive solutions. The 
results show that the incorporation of wood waste in gypsum and cement composites implies, in all 
cases, an improvement in the thermal behavior of the materials and, consequently, of the building 
façades in which they are applied. 
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ABSTRACT 
 
After more than 3 centuries of deterioration and different structure modifications, back in the 1990’s 
Santa María Cathedral closed its doors to the public in order to begin an integral rehabilitation, which 
after 20 years of duration has reached great achievements in terms of Conservation of its Heritage. 
Within Santa María’s conservation works, it is of utmost importance the restoration of the stone covering 
its walls and, moving in with the researching and innovating line, the Fundación Catedral Santa María, 
in the company of the General Laboratory Service from the Diputación Foral de Álava, joined the 
European Project ‘Nano-Cathedral’ in 2015, an initiative providing funding from the European Union 
for the nano-materials researching and its application to heritage and high artistic importance buildings 
through stone consolidation and protection products. 
Coordinated from the University of Pisa and constituted of a Consortium including several entities from 
6 different countries: Austria, Belgium, Germany, Italy, Norway and Spain, this Project summarizes 
basically in a three essential phase action application such as: development and study of new materials, 
application and validation at a laboratory scale on specific lithotypes and final application and validation 
in monuments from the European geography. 
Santa María Cathedral and its materials conservation process will begin yet in a few years, nevertheless 
this initiative entry is included within the intervention overall plan currently being prepared; in which is 
very important to find a stone affine product for the building, lengthening its conservation and slowing 
down its decay, being this the main objective pursued by the Foundation and Laboratory. 
The Project ‘Nano-Cathedral’ is currently in its final stage and, through its almost 3 years of duration, 
several improvements have already been produced, not only in developed materials and good achieved 
results for the different studied lithotypes (limestones, sandstones and marbles) but non-destructive or 
invasive test methodologies, complete characterizations of these lithotypes and mapping systems for 
decay detection in the different studied stones. 
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ABSTRACT 
 
The construction industry is one of the human activities that most consumes natural resources and 
generates great amount of debris. Therefore, there is a bias towards to lessening the environmental 
impact derived from this sector through the development of new alternatives that enable more 
lightweight, efficient and low-cost materials so that attending to the concept of sustainability. In this 
context, the sandwich panels which are already potentially applied into the aerospace industry begin to 
have application into the civil construction industry sector, due to associating high resistance and 
lightweight, bringing them to be used on the vertical sealing system and even on the structural flooring, 
offering this way alternatives to the conventional floor slab. Particle panels are widely used on the 
furniture industry, and a range variety of academic studies have been suggesting the adoption of non-
conventional lignocellulosic raw material in the production of these panels, such as sugarcane bagasse, 
coconut fibres, peanut peels and others still. The goal of those researches is to add value to those 
agroindustrial by-products and provide alternative raw materials to the panels industry. The present 
research paper aims to provide possibilities of application of sugarcane bagasse particles sandwich 
panels agglomerated with castor bean oil base polyurethane resin. It is about an innovative particles 
panel that brings structural properties due to its sandwich form with its corrugated nucleus, which 
increases potentially the stiffness to the material flexibility. Such material has been characterized with 
the physicomechanical properties according to the recommendations of the specific north american 
norms for sandwich panels from the American Society for Testing and Materials (ASTM). The results 
obtained permitted to conclude that the panel studied in this research is able to support typical residential 
loads for the application as structural flooring and attends to the load requirements stablished by the 
International Building Code (2006) for its purpose. 
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ABSTRACT 
 
Steelmaking industry generates vast amount of waste aggregates. The practical use of electric 
steelmaking furnaces is divided into two stages: the primary melting-oxidizing processes and the 
secondary-reducing processes. In the first, an Electric Arc Furnace will generate slag (EAFS) in 
proportions of 150 to 180 kg per ton of steel. In Spain, approximately 70% of total steel is produced in 
electric arc furnaces representing around 15% of total European EAF steel, and leaving more than 1 
Million tons of EAFS every year. In order to reduce these EAFS, many researchers around the world 
are studying applications for their incorporation. 
In the present research, mixes of steel slag concrete (CEAFS) were reinforced with fibers, and their 
properties in fresh and the hardened state were analyzed; likewise, some real slabs were constructed. 
The results were very promising, reaching the CEAFS reinforced with around 0.5% of fibers, good 
mechanical behavior, appropriate toughness, and suitable impact resistance for its use in pavements and 
slabs of buildings. 
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ABSTRACT 
 
The main objective of this paper is to diagnose and determine the evolution of the passive hygrothermal 
behaviour in the traditional Basque architectural model as a consequence of its periodical adaptation. 
For that purpose, the traditional architecture of river Lea’s valley, which is located in the Historical 
Territory of Bizkaia (Basque Country, Spain) and characterized by a temperate-humid climate, has been 
analysed. 
Since its origin in the 15th century as an «architectural model», it has suffered from many construction 
adaptive solutions due to the social, economic and technical demands, which have also implied the 
evolution or variation of its passive hygrothermal behaviour. Not only do the construction system, 
structure, architectural composition and construction materials evolve, but also the hygrothermal 
performance is altered. 
Once local traditional architecture’s construction system’s evolution has been evaluated, that is, the 
building type, construction system and envelope materials, the most representative models have been 
defined by the energy simulation Design Builder v. 5.0.1.024 programme. Therefore, the two 
hygrothermal variables, Operative Temperature [ºC] and Relative Humidity [%], have been collected 
according to the external environmental conditions and building type. Finally, the obtained results have 
been summarized and chronologically compared based on winter, summer and mid-season division. 
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ABSTRACT 
 
Facing a project aimed at the energy refurbishment in historical buildings means – first of all – to declare 
which are, for the designer, the priorities to respect. Every intervention on cultural heritage, actually, 
especially when the focus is pointed to the goal of improving energy and sustainability related aspects, 
assumes a strong cultural relevance.  
The case study of the Monastery of Santa Maria de Monfero in Galicia, Spain, is an interesting example 
to explore the range between a general “adaptive reuse” project and the “energy refurbishment” good 
practice according to the conservation guidelines for historical buildings. The research is targeted at this 
monumental complex, which has been in state of abandonment for more than two hundred years, with 
a large part that is now in ruin.   
The project that has been used for the research analysis is the result of the first prize in an international 
ideas competition aimed at giving a new cultural and touristic vocation to the monastery. The 
competition was won by the Spanish architects Patricia Sabin Diaz and Enrique M. Blanco, co-authors 
of the paper. 
A focus of the study here presented was to investigate the actual performance of different building 
envelope retrofit solutions, in terms of thermohygrometric compatibility between existent wall and new 
internal insulation layers, thermal comfort provided and energy demand reduction. Results confirmed 
the importance of evaluating the proper retrofit strategy by coupling heat and moisture simulations and 
pointed out that guidelines, which can be applied on a "case by case" basis, are needed, since the retrofit 
of historical buildings represents an important part of conservation and protection actions and not a mere  
intervention aimed at reducing the energy consumption. 
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ABSTRACT 
 
Buildings of European countries use almost 40 % of the global energy, by generating the 40–50 % of 
the total output of greenhouse gases. The heating requirement is responsible for almost 80 % of the 
energy demand in houses. Since historic buildings constitute 25 % of the European built environment 
they have a role to play in delivering CO2 emissions reduction targets along with the rest of the domestic 
stock. Reuse of existing heritage buildings is a creative challenge for all countries.   
This paper discusses different approaches for evaluation of heritage buildings’ sustainability. 
Comparison of new buildings and renovated heritage buildings is made with respect to environmental 
aspects and life cycle analyses. Renovation and refunctioning of heritage buildings are giving benefit in 
saving of material resources (compared with new buildings), reduction of environmental pollution 
because of materials production and transportation, reduction of production waste and energy needed 
for construction.  
Life cycle analyses is presented a good method to evaluate environmental issues and to make sustainable 
decisions.  
Social and cultural aspects of sustainability as an important part of sustainability are also discussed. 
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ABSTRACT 
 
The recognized environmental benefits of upgrading existing reinforced concrete structures or extending 
their service life have led to the need of including environmental criteria when a structural intervention 
is designed. Life Cycle Assessment (LCA) is a methodology to assess environmental impacts associated 
to a product or a process which considers energy, materials, and emissions over its whole life.  
This study presents a LCA comparison between two techniques used when reinforcing concrete beams: 
steel sheets, placed with metallic anchors and epoxy resin, and carbon fibre reinforced plastic laminates 
(CFRP laminates) attached with epoxy resin. The objective is to provide environmental decision criteria 
as well as scientific data able to be incorporated in a whole building LCA.  
Results reveal that the environmental impact of carbon-fibre production is greater than that of steel. 
Nevertheless, the whole CFRP reinforcement has a better environmental behaviour compared to 
steel/epoxy due to the mechanical properties of CFRP that leads to a reduction of the required material. 
Using metallic anchors results in a significant reduction of environmental impact revealing the 
responsibility of epoxy resin and the importance of considering the constructive process. 
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ABSTRACT 
 
Currently, the reduction of the useful life of some technologies, generates a large amount of electronic 
waste whose main destination are landfills located in underdeveloped countries. On the other hand, the 
lack of availability of electric power can contribute to the use of other less efficient generation means 
and with a high environmental impact. 
Therefore, to solve these questions is interesting recycling certain waste to manufacture of small power 
wind turbines to use in the buildings rehabilitation of those countries.  
This article presents a practical example of the manufacture of an electrical machine for wind turbines, 
paying special attention in didactic training in the correct recycling of materials and manufacturing and 
testing of synchronous generators carried out in workshop schools. 
Different possibilities of obtaining stators and magnets, their treatment and varieties of assembly are 
presented. Subsequently, with the manufactured generator, the results obtained are shown. 
To conclude, the possible social, economic and environmental advantages for the regions involved are 
listed, proposing their analysis as an interesting future study. 
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ABSTRACT 
 
The materials of the flooring systems used in rehabilitation projects of historical buildings, public and 
commercial buildings such as schools, hospitals, hotels and museums, have a high wear due to their 
intense use. A frequent choice is the resilient floors and in particular the continuous systems, seamless, 
based on self-levelling polyurethane, executed in situ, which allow to extend the service life compared 
to prefabricated systems such as linoleum or PVC. 
This will increase the service life of the system and therefore reduce the maintenance and retrofit 
required over the years, making it a more sustainable solution. As an advantage, when rehabilitation 
must be carried out, the existing system does not need to be removed. The new system can be applied 
over the old one without generating waste that must be taken to landfill.  
These flooring solutions have low emissions and exceed the highest global standards for indoor air 
quality. 
The color choice is another factor that influences sustainability. Different color means different 
consumption of the energy of the building  
In this article, I will present a Life Cycle Assesment study from cradle to grave that will show results in 
energy efficiency for the specified surface. The service life will be done for a building service life of 40 
years. It will be assumed the need replacing the PVC and linoleum system every 20 years and a refit 
facelift for the self-levelling polyurethane floor. The analysis investigates the total costs and 
environmental profile of the specified flooring systems over the entire assumed life cycle. 
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ABSTRACT 
 
Energy efficiency is a complicated challenge in existing public buildings due to their internal complexity 
and age. Added difficulties come from the required user’s disposition to collaborate and the intervention 
of public administrations. Real-time monitoring of ambiental variables and energy consumption data 
through an open information system can facilitate the management of these problems and provide new 
sources of solutions. The SmartPoliTech project provides tested experiences and data in two complex 
centers belonging to the University of Extremadura and the Government of Extremadura. Some the 
benefits expected from the project are the decrease in heating energy consumption, reduction of clean 
water use and improved fresh air renewal decreasing CO2 levels Air Quality Indoor). The final success 
of the project is directly related to the involvement of final users by providing easy to use information 
and persuasive indications. Also, a crucial aspect will be to achieve a proactive response from the 
building’s users so they become ready to detect problems and propose innovative solutions. 
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ABSTRACT 
 
DomusSocial, EM, is the enterprise responsible for the management and maintenance of public 
buildings, residential and non-residential, at Porto city, with 48 neighborhoods comprising 12,617 
apartments, plus 272 buildings scattered throughout the city with 535 apartments and 112 other public 
municipal buildings. 
In the last decades there’s been a massive consumption of resources due, mostly, to the industrial 
evolution, the world population exponential growth and the social-economic policies applied worldwide. 
The current consumption model puts the preservation of resources at risk, compromising the future 
generations. So, it stands clear the need of a new model of sustainable construction, that focus on a 
optimization of natural, social and economic resources. 
With this in mind, the (presented) study has as objective the evaluation of sustainability in two 
neighbourhood of Public Housing under Domus Social management: neighbourhood of Carvalhido, 
build in 1958 with 14 buildings and 264 apartments, and neighbourhood of Pasteleira, build in 1960, 
with 27 buildings and 608 apartments. 
The evaluation is based on the Portuguese method “LíderA – Sistema de Avaliação da Sustentabilidade” 
whose methodology is based on six fundamental principles: local integration, efficient use of resources, 
reduction of environmental impact, promotion of sustainable socio-economic living, guarantee of 
environmental comfort, and sustainable use through environmental management and innovation. 
The aim is to reinforce the importance of sustainability principles in low-cost housing, construction and 
maintenance, in order to identify the main deficits and possible improvement points, redesigning social 
housing with space and technology solutions that enhance optimization, performance, quality and 
efficiency of buildings, in response to user needs, namely reduction of energy poverty index, indoor air 
quality and the enhancement of the dwelling function. 
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ABSTRACT 
 
After a period in which the construction activity went down on its production levels, presently the 
industry is gaining new directions and assuming again a leading role on the countries development. In 
Portugal, there are still many relevant infrastructures to be built and some new building construction for 
services and for residential uses. Building refurbishment is gaining a strong relevance. Strategic 
documents drawn for the industry highlight the importance of rehabilitation for the industry production 
KPI’s. Notwithstanding, they place in parallel other requirements as efficiency and sustainability, from 
environmental, social and economic points of view. The present paper is endorsed to the economic 
issues, namely the provisions in terms of Life Cycle Cost (LCC). Base on literature review, standards, 
legal framework and work developed with a major contractor the research explored and defined a 
strategic approach to initiate the development of streamlined LCC analysis, from the investor/contractor 
point of view. These processes will contribute to the construction objectives and also for the compliance 
of provisions set on the new Public Procurement European Union (EU) Directive. 
 
  

mailto:pmeda@fe.up.pt
mailto:jjm@fe.up.pt
https://paginas.fe.up.pt/%7Eicfeup/index.html
mailto:hipolito@fe.up.pt
http://www.fe.up.pt/
mailto:MarcoGilMorais@lucios.pt


 
2.- PROJECT 

2.4.- Sustainable design and energy efficiency 
 

REHABEND 2018 Congress 223 
 

 
 

CODE 274 
 
 

CONSTRUCTION PRODUCTS INFORMATION – IMPORTANCE AND 
INFLUENCE TOWARDS DIGITALIZATION 

 
 

Sousa, Hipólito1*; Mêda, Pedro2; Moreira, Joaquim2; Costa, Rui1 

 
1: CONSTRUCT-GEQUALTEC, Civil Eng. Department, Faculty of Engineering, Porto University  

e-mail: hipolito@fe.up.pt; ruifcosta@fe.up.pt, web: www.fe.up.pt, 
2: CONSTRUCT-GEQUALTEC, Construction Institute, Faculty of Engineering, Porto University 

e-mail: pmeda@fe.up.pt; jjm@fe.up.pt, web: https://paginas.fe.up.pt/~icfeup/index.html 
 
 

KEYWORDS: Decision support; efficiency; competitiveness; product data template; life-cycle. 
 
ABSTRACT 
 
One of the main challenges of building refurbishment operations is the combination of 
traditional/ancient technical solutions with current/innovative technologies. In addition to the 
requirements in terms of aesthetics and compatibility with the preexistence, there are also requirements 
in terms of functionality, efficiency and durability. This research benefits from the experience of a 
contractor on rehabilitation strategies, clients demands and work results. Yet, in order to implement 
innovative processes to improve construction competitiveness and sustainability, there are information 
gaps and processes that need to be streamlined. Construction information digitalization is found to be a 
driver to achieve these outcomes. This paper presets a simple case study (but that is representative of 
the industry practices) of a commonly used product; Gypsum board, using a small sample (3 
manufacturers) and developing an analysis focused on the information requirements towards an 
improved efficiency of the industry. 
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ABSTRACT 
 
In the context of the environmental challenges set by the EU for the year 2020 and the promotion by 
public administrations of the implementation of technologies that reduce the energy consumption of 
buildings, numerous solutions have been developed in recent years for the energy retrofit of building 
envelopes. 
Currently, conventional solutions are based on a single solution for the whole surface of the building. 
However, the ongoing technical developments in this field hint at the future development of hybrid 
solutions combining different technologies. The energy efficiency of current building could be 
substantially improved by combining active solutions collecting solar energy with passive solutions 
increasing the thermal resistance of the thermal envelope. This requires the development of a 
substructure that is able to integrate the different systems and guarantee their maintenance. 
Current solutions that feature an auxiliary substructure, such as ventilated façades, most often require 
many anchoring points to the existing wall. Nevertheless, the stability of this element is not always 
guaranteed. 
This paper presents the development of a substructure that is especially conceived for integrating diverse 
envelope retrofit solutions and guaranteeing their interchanging and maintenance, while being 
structurally independent from the original façade. Anchoring points are therefore restricted to the 
structural elements of the building. Architectural and mechanical considerations are discussed, 
presenting the technical solutions developed and their full-scale experimental verification. 
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ABSTRACT 
 
On the road towards an energy neutral building stock, increasingly demanding insulation levels are 
advised for both new and retrofitted buildings. While centuries of past experience have led to vernacular 
construction methods suited to local climates, the incorporation of thermal insulation to existing walls 
fundamentally alters their moisture balance and drying capacity. The impact of insulation assemblies on 
moisture risk is relatively well studied for cold climates; however, research and case studies are scarce 
for the warmer climates of Southern Europe, where such highly insulated walls have been unusual up to 
now. 
This paper presents a parametric study evaluating the hygrothermal performance of 3 types of insulated 
wall assemblies exposed to 5 climates of the Iberian Peninsula. In particular, the influence of climatic 
parameters on hygrothermal risk is investigated, using transient numerical simulation methods. 
Results show that the impact of solar irradiation and wind-driven rain over different orientations can 
outweigh that of temperature and humidity. Moreover, their combined effect can be either beneficial or 
detrimental, depending on the interplay of the specific climate and type of assembly. Hence, it is found 
that simplified assessment methods that do not consider the impact of wind-driven rain underestimate 
risk significantly for certain scenarios. Finally, the hygrothermal performance of the assessed wall 
assemblies is evaluated in the context of Iberian climates, discussing possible improvements. 
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ABSTRACT 
 
Rear-ventilated rainscreen façade insulation systems are becoming a popular retrofit solution in 
Southern European climates, due to their good thermal performance in both winter and summer 
conditions. In these assemblies, the substructure of the new cladding is anchored to the original building, 
thus puncturing the thermal insulation. This study assesses the impact of such thermal bridges on the 
overall thermal performance of the external wall. The renovation of a conventional Spanish wall 
construction with a ventilated façade is used as a case study, featuring an anchoring system with L-
shaped aluminium brackets. Two scenarios have been assessed: in the first one these brackets are fixed 
onto both the reinforced concrete slabs and the existing brickwork of the building, while in the second 
one they are anchored solely to the structural slabs. Simplified one-dimensional calculations are 
compared with two- and three-dimensional numerical models. Results indicate that anchoring elements 
can account for a substantial increase in heat flow. If the additional heat transfer through the anchoring 
elements is not taken into account, the energy savings delivered by the renovation could be considerably 
lower than expected by calculations, resulting in an increase of energy consumption over predicted 
values. 
 
 (1) Topics: Indicate the subject area to which this abstract belongs. The codes for each area are defined 
on Congress website (HERE). You can only select one code. 
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ABSTRACT 
 
The durability of cement-based materials is one of the most pressing issues in today’s infrastructure 
park, given the high cost of repair and maintenance where it is compromised. The use of additions has 
consequently become widespread in the design of binary cements or cast-in-place concrete as a way of 
enhancing durability throughout the service life of structures exposed to aggressive (marine, freeze-thaw 
or sulfate) environments.  
That, in conjunction with today’s socio-economic demands to replace the current linear with a circular 
economic model has encouraged the scientific-technical community to seek alternative raw materials in 
pursuit of high performance end products.  
This study compared the effect of including 10 wt% of mining and electric power generation industry 
waste on the durability of new eco-efficient cements. Cured, 1x1x6 cm prismatic paste specimens were 
exposed to a sulfate-high environment.  After exposure they were characterised for strength and their 
microstructure was analysed to identify the respective reaction products.  
The main conclusion drawn is that the inclusion of this waste induces no loss of durability in cement-
based materials exposed to sulfate-rich environments.  
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KEYWORDS: Durability; water penetration; construction and demolition waste; concrete. 
 
ABSTRACT 
 
As a porous material, concrete is vulnerable throughout its service life to physical and chemical agents 
present in the medium. That vulnerability can wreak considerable damage in environmental exposure 
classes where sulfates, chlorides or carbon dioxide are present and can penetrate into the concrete in 
aqueous solution or as gases.  
Water permeability is a durability indicator that quantifies a structure’s resistance to penetration by 
external agents. An understanding of this parameter is of particular significance, for water is one of the 
main vehicles for the ingress of such substances into concrete interiors, in addition to being directly 
related to freeze-thaw damage in exposure class H-F environments.  
This study compared the effect of the partial (25 wt% and 50 wt%) replacement of natural aggregate 
with recycled aggregate processed from two types (concrete and mixed) of construction and demolition 
waste on water permeability in the respective recycled concretes. Cylindrical concrete specimens (15x30 
cm and 10x20 cm) were moulded, cured and tested for total water absorption and water penetration 
under pressure. 
The findings support the conclusion that in recycled concrete structures, water penetration mechanisms 
are essentially unaffected by the nature of the recycled aggregate used in partial replacements of the 
natural material. 
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ABSTRACT 
 
Algiers is a city that has a rich building heritage with high historical value, where different solutions 
meet environmental requirements and more precisely the needs of current comfort.  
Various issues have been raised in many scientific debates through previous works. This reveals the 
architectural richness of the Casbah houses as well as the important potential of study and work on this 
subject. Nevertheless, these scientific researches, focused on a case study, the Ottoman house has never 
been analyzed in terms of energy efficiency, comfort and thermal environment conditions. 
The aim of the presented work is to answer to this lack in the study of the Ottoman houses in the Casbah 
by trying to insert ourselves in the framework of the comfort and the energetic aspect. This work is done 
in logic of continuity by punctual and more in-depth aspects that the different transformations and 
modifications made on the interior comfort could have, more precisely on the hygrothermal comfort of 
the residential building. 
The idea developed in the research is that the old design offers practical and sustainable solutions to 
problems related to the quality of the environment and the comfort of housing, with a view to correlate 
the impact of the transformation during the colonial and post-colonial period on the residential buildings 
of the old city of Algiers.  
In this work we evaluate the microclimatic conditions and the comfort level in these traditional houses, 
in their former and current state. We specify that the purpose of this work is not to establish new 
methodologies, but rather build an in-depth knowledge of the operation of these houses to meet the 
requirements of current comfort.  
Numerical simulation, the in-situ measurements and the study of many parameters were the tools that 
enabled us to evaluate certain houses that have maintained favorable living conditions. 
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ABSTRACT 
 
Climate change is one of the main challenges for our society. The need for reducing the emission of 
polluting gases to the atmosphere has been corroborated by data from the World Meteorological 
Organization (WMO); emissions of CO2 in 2015 reached 400 ppm, which worryingly surpasses the 
natural balance between atmosphere, oceans and biosphere, i.e., 278 ppm. In order to revert this 
unbalance, replacing fossil energy sources with renewable sources and reducing consumption are 
paramount requirements. The exponential increase of energy consumption to satisfy comfort conditions 
at homes is associated with 40% of the total consumption in Europe, and is mainly due to the 
implementation of inefficient thermal envelope solutions (approximately 55% of heat losses in a 
building during winter occur through opaque parts of the front facades and roofs, and 18 % are produced 
through glass and thermal bridges). Therefore, the study of the thermal transmittance is crucial in order 
to determine whether a building envelope is optimal or, on the contrary, energy efficiency improvement 
is required. 
Conventionally, the calculation of thermal transmittance in buildings has been carried out by means of 
methods based on ad-hoc temperature measurements, hence constraining the applicability of the 
obtained results to the specific scenario. Infrared Thermography (IRT) stands out as a promising 
technique that allows to overcome the aforementioned limitations by performing real-time 
measurements over the entire front surface of a building within predetermined time intervals. 
Additionally, IRT has been shown to be easier to implement and less expensive when compared to other 
well-known strategies. 
In this paper, we consider adapting IRT as a useful methodology to analyze the thermal transmittance 
of existing buildings. The fundamental aspects of the technique are addressed, and the measurement 
procedure is described in detail. Finally, the IRT-based methodology is applied to the front facade of a 
building located at the seaside in Santander, Spain. As a conclusion, it can be stated that IRT has been 
proven to be an accurate and versatile tool for non-destructive evaluations of thermal transmittance in 
existing buildings and its application to scenarios which location and environmental conditions allow to 
fix technological limitations and establish procedural improvements.  
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ABSTRACT 
 
Domus Social, EM, is an Oporto company, whose purpose comprises the promotion and management 
of municipal public housing, including the building maintenance and rehabilitation, accompanying 
equipment and inherent infrastructures. 
 The municipal public housing estate under its supervision, built between 1940 and 2008, presents 
architectural and constructive solutions outdated and non-operational by current regulations 
requirements. 
The ever-present concern for the promotion of tenants’ quality of life in what concern habitation settings, 
associated with the commitment in order to promote buildings’ sustainability, have motivated the 
development of rehabilitation projects which enhances energetic efficiency.   
The case study here presented - rehabilitation of S. Roque da Lameira (buildings 21 to 23) – aims to 
analyze the economic, social and environmental effects after rehabilitation from a global point of view 
(company, tenant and society) after implementation of energetic efficiency solutions, mainly solar 
thermal panels to integrate an existing hot water system. 
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ABSTRACT 
 
Recovering old urban centres is a Portuguese strategy to promote development and economic growth, 
supported by the strong evolution in the tourism sector that has been revealed as a key element for 
increasing gross domestic product (GPB). The Europe has also a specific worry in which built 
environment is concerned, namely through the European goals until 2020 that are based on the need to 
reduce the energetic consume and to increase the use of renewable resources. 
Having in mind these aspects, in this paper the following tasks were done: i) sustainable assessment 
tools for rehabilitation actions were analysed; ii) European and national policies for urban rehabilitation 
and renewal were studied, in deeper sense, the one towards sustainability; iii) to create a simplified 
model to assess sustainability in old city centres interventions, criteria were defined; iv) a model was 
designed with areas, criteria and assessment indicators. The model presented is accurate with the built 
environment and its application makes possible to assess the impact of solutions, systems and techniques 
adopted in the design process, with the analysis of the defined criteria and the aim of improving the 
environmental, social and economic performances of buildings and old urban centres. 
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ABSTRACT 
 
The main scope of this research study has been to evaluate the thermic contribution of specific 
microspherical thermoplastic particles consisting of a polymeric shell encapsulating a gas into different 
elastomeric coating solutions.  
As complementary objectives, there were conducted other trials to demonstrate suitability and durability 
of this technology in exposed roofing solutions, where its thermic contribution could help to reduce the 
gradient of temperature without any drawback in required waterproofing performances of these coating 
solutions.  
As proposed methodology, after proper characterization in laboratory conditions, there were conducted 
specific trials with most promising solution to achieve a comprehensive characterization in dynamic 
outdoor conditions, according to Paslink Network test methodology.   
As main results, it has been possible to demonstrate the feasibility and suitability of this technology in 
elastomeric coatings. It has been measured its quantitative contribution to this “cool roof” approach in 
elastomeric solutions for waterproofing coatings, and finally, it has been opened a promising "toolbox" 
in formulations where this thermic performances could help to improve energetic efficiency in building 
elements like roofs.   
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ABSTRACT 
 
The present research is an investigation about Mediterranean vernacular inner courtyards, using GIS 
tools and monitoring. The topic is investigated from different perspectives and placed at the centre of 
energy conscious design for Mediterranean climates. The focus varies from analysis on vernacular 
architectural morphology, building codes and their relationship with climate, detailed monitoring of 
internal and external conditions, and integration of other different studies on inner courtyards. This study 
aims to contribute to the scientific debate and the current architectural discourse on the role of courtyards 
in architecture and their importance in the context of sustainable design solutions, identifying 
appropriate morphology for optimum thermal conditions in the climatic context of Spain. Such 
knowledge can contribute to energy design, to enable reduction of energy use for cooling, the main 
concern in warm climates, along with the reduction in associated CO2 emissions. To perform that 
comparison, morphological and measurement methods have been used to delineate spatial boundaries 
of urban densification. This methodology has been applied to a real case study in Spain, where building 
codes establish several climatic zones. 
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ABSTRACT 
 
LEDs (Light-Emitting Diode) have been used in numerous lighting design projects in different sectors, 
mainly because of the considerable advantages over conventional lamps. However, there are still some 
doubts about the technology itself and its operation, as well as questions about the exclusive LED use 
in any environment or retrofit in existing lighting systems. This article is about artificial lighting in 
commercial buildings – shopping centers. It presents a case study that aims at testing the efficiency and 
quality of light emitted by the LED lamps compared to fluorescent lamps. The investigation also verifies, 
on a percentage basis, the economy reached by the two lighting systems, their performance and the 
illuminance ratio of both fluorescent lamps and LEDs. The methodology seeks for answers about 
lighting systems that are able to meet technical and economic parameters. Our objective is to propose a 
qualitative and quantitative evaluation system to replace the existing system for LED lighting 
technology, using the following parameters: existing lighting, energy costs, the amount of light in the 
work plan, light quality, energy source lifetime, investment in technology, return on investment, 
reducing replacement and maintenance of lighting products, creating more sustainable enterprises. 
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ABSTRACT 
 
This study provides a characterization of the existing European stock of residential buildings, with 
a specific focus on their energy performance. Eight countries with different characteristics and 
climates have been selected as a representative sample. After identifying relevant parameters, data 
has been compiled from several sources, including national statistical bodies and European datasets 
from official and unofficial bodies, as well as previous research projects. Based on those projects 
as initial source of information, the study is complemented with energy efficiency related 
regulations as well as with external climate data. The collected information has been subject to a 
critical review and analysed to identify insights and trends related to the energy performance of 
European dwellings. The information gathered is intended to provide a general view about the 
current status for each of the assessed countries and by extension a global picture of the European 
stock. The outcomes of this study will constitute a realistic baseline scenario for identifying needs, 
potentials and constraints for renewable energy technologies, and will assist the development of a 
novel software tool for planning energy-efficient retrofits of residential buildings. 
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ABSTRACT 
 
The building sector is responsible for more than 40% of greenhouse gas emissions, according to 
Eurostat. Massive energy retrofittings of the pre-normative built blocks are the best and most effective 
solution to this problem. However, it is not possible to act with guarantees in the existing buildings 
without the effective characterization of the efficiency of their thermal envelope before and after their 
retrofitting. This means that it is necessary to carry out thermal transmittance measurements (U-value, 
expressed in W/m2K), i.e., the amount of energy that flows through the building’s envelope per unit 
area before and after its energy retrofitting. But today, if many thermal transmittance measurements in 
a short time are needed, the current devices, cannot carry out them, except if a great amount of devices 
are used at once (which is impractical due the cost) along with intensive and tedious post-processing 
and analysis work. This is a serious handicap because only with measurements it is possible demonstrate 
in an effective way the envelope improvements carried out and the consequent energy savings. 
This paper presents a new device, developed by the University of Huelva’s Research Group TEP192 
Control and Robotics, for the measurement of the thermal transmittance of the building envelope. The 
developed device is modular, scalable, and fully wireless; it is capable of taking as many measurements 
at once as user needs.  
The developed device has been tested in in a study case of social housing energy retrofitting. Taking 
measurements before and after the energy retrofitting has been possible determining the amount of heat 
that is left to transmit through the building’s thermal envelope. From here we have been able to carry 
out calculations of savings in the electric consumption and, consequently, estimate the investment 
payback. 
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ABSTRACT 
 
As part of the fight against the on going climate change is the retrofitting of existing buildings. Around 
50% of homes in Spain were built between 1940 and 1980, among these buildings are numerous 
neighbourhoods dedicated to social housing. Nowadays, the rehabilitation of these social housing units 
is essential with regards to thermal envelope to reduce energy consumption and to increase thermal 
comfort. 
This paper presents some of the results of the study which were performed on different typologies of 
residential buildings in Pamplona (Spain). The results were obtained during the research performed for 
the project prestaRener Protocol. From the study, key factors for the demand reuction were identified, 
among them are: climate, orientation, the position of the dwelling within the building and the building 
within the block, the patterns of use, etc. ... 
The results are presented using a matrix, which can be used as a decision-making tool that allows 
selecting levels of intervention and its efficient investments. Starting from the conditions established 
under regulations, CTE-DB-HE1, the savings to be achieved vary between 20% and 80% depending on 
the rehabilitation scenarios (partial or total thermal envelope performances) and the levels of 
intervention (either inside or outside the enclosure, and with different thicknesses of insulation in each 
case). 
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ABSTRACT 
 
Considering it one of the most important collections of cultural artifacts, it is the obligation of each 
nation to safeguard its historical memory. The architectural heritage, including nineteenth century 
cemeteries, is no exception. The city of has been, historically, one of the most prosperous cities in the 
Dominican Republic. Its municipal cemetery holds some of the local architectural-funereal gems, 
samples of dissimilar burial typologies and architectural styles that have evolved from the cemetery’s 
foundation in the mid-nineteenth century until the modern day. However, the inexistence of an integral 
safeguarding plan puts the permanence of diffusion of this cultural asset at risk. The principal objective 
of this work is to elaborate an intervention plan that conserves, shares, and intervenes in the heritage 
that this cemetery possesses. This project is a continuation of a previous project, “INVENTORY AND 
CATALOGING OF GRAVES WITH ARCHITECTURAL-MONUMENTAL VALUE AT 30 DE 
MARZO CEMENTERY, SANTIAGO DE LOS CABALLEROS, (DOMINICAN REPUBLIC)” that 
was presented at this congress in 2016. This project was completed using two fundamental strategies: 
clerical work and field work. With the first, the framework for the intervention and plan of action was 
constructed. With the second, the necessities for the conservation and intervention of the cemetery were 
inventoried. The final result is an intervention project that consists of two main axes: the first, a 
remodeling, conservation, and restoration plan; the second, diffusion and awareness. 
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ABSTRACT 
 
The Arruabarrena Palace, was erected between 1916 and 1919 with the project and direction of the 
architect Gabriel Dulin. In 1926, the house was sold and in 1973 it was about to be demolished by the 
Argentine Army. Finally, the municipality buys the house and becomes the headquarters of the 
Municipal Regional Museum. The building is solved in the language of French eclecticism, has an 
important access and is crowned by a mansard. The access is materialized with a Carrara marble 
staircase. The residence has four floors: the basement, the main floor, the first floor and the mansard. 
The interior decoration is also eclectic. The work carried out in the building consisted in the survey of 
the existing pathologies, which cause and cause deterioration, the problems of water ingress and 
deterioration in the roofs, as well as the interior and exterior ornamentation, the wall coverings and 
enclosures. And subsequently, it is indicated how to approach the treatment of the aforementioned 
pathologies, for their subsequent intervention, always taking into account the paramount of maintaining 
the original image in the building. The tasks of Valorization and Restoration have not yet begun, but it 
is in the stage of elaboration of an Intervention Plan that includes actions, sequences, progress schedules 
of the work, and stageability. 
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ABSTRACT 
 
During the rehabilitation, the hotels presents own characteristics. So it is normal that there is a change 
of ownership, or the need to update equipment in order to adjust to the hotel categories and technological 
advances that implies the hotel use itself. 
On the other hand, it is usual for the building to be fully operational during the various pre-work phases, 
such as structural inspection or the architectural project itself, which implies access difficulties in the 
necessary structural research of the building. These phases should complement the execution of the work 
itself. These technical indeterminations affect the content of the project, they also have consequences in 
phases as fundamental as the budgetary allocations or the own execution periods, always very tight and 
fixed. This last aspect is important. It is usual that in very early stages of work already exist reservations 
of rooms or other stays for the reopening, reason why, delays of work are not an option. 
This paper describes and exemplifies on real cases this dynamic and presents the methodology that we 
have been used in various buildings of this type that we have rehabilitated over time, with very different 
structural and site characteristics. 
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ABSTRACT 
 
As in the animal kingdom some species throughout their life make a change in their epidermis, existing 
buildings are undergoing a transformation in its envelope. There are several reasons for this epidermal 
moult, but the main reason is the need for an energy optimization in buildings. 
For the first time in history, the construction sector has focused more its development in the intervention 
on the existing buildings than on the construction of new buildings. The main reason is the need for 
energy saving on existing buildings as a priority for the European Union. The transformation of our 
cities through the epidermal moult is a fact. Existing residential buildings are being transformed to 
improve their energy characteristics. So far the energy interventions that have been made in our cities 
have been isolated and with the sole purpose of the energy saving improvement. But as a result, a number 
of issues arise in this regard: Has an analysis been done of what will be the result of this epidermal 
moult? Is the only consideration that must be taken into account when we must intervene on an existing 
building? There are no more values within the urban architecture and its configuration that should be 
considered?  
In this regard this paper aims to answer some of these questions. For this purpose we have analyzed the 
town of Errenteria (Gipuzkoa), where some of these transformations have already begun. Other 
considerations in addition to the energy results should be taken into account. Definitely other points of 
view on the architecture of the city and its transformation should be linked to the energy intervention on 
existing buildings.    
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ABSTRACT 
 
The Walls of Trujillo were built by the Muslims during the Caliphal era, in the Tenth Century, reformed 
in Century XI and expanded in the centuries XIII, XV, and XVI.  They were adapted to the most 
unfavorable contours for the defense of the mountain where they lay, resulting in a sinuous drawn.  In 
the interior, a hamlet was settled and at one end the castle. 
The Directorate General of Heritage of Junta de Extremadura considered as essential the existence of a 
Master Plan to present the adequate proposals as a base document and structure for the preservation of 
The Walls, also following the recommendations from the National Plan of Defensive Architecture of 
the Ministry of Culture. Objectives, methodology and results of the Master Plan are exposed and 
analyzed, based in an intense research work: historical archeological study, planimetric survey, 
architectural study, of the characterization and behavior of materials of factory, pathological analysis; 
juridical, urbanistic and environmental studies. From this point the criteria, objectives, and priority of 
actions are established; the times and the intervention budgets of each section are valued; uses for the 
enclosures and the revitalization of the set and the surroundings are proposed, as well as a variety of 
actions for the cultural diffusion of its historical and architectural worth. 
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ABSTRACT 
 
This study is based on the present need to restore the current building stock in Europe. The building 
sector accounts for 40% of final energy consumption and 36% of CO2 emissions in Europe. The 
European Union set the goal of 20% reduction of these emissions by 2020 for member countries (from 
1990 levels). In the specific case of Spain, 58% of the buildings were built before the first thermal 
regulation, which makes this building stock a key for emission reduction. Because of this need of energy 
efficient renovation, the need of an integral refurbishment is added due to the poor condition of the 
buildings and the lack of universal accessibility in them. 
However, in order to face these actions, we encounter multiple legal, economic and social barriers. 
Facing the economic barrier, we find the rooftop extensions as a possible solution. 
The rooftops of the buildings present a high potential to carry out interventions with low environmental 
impact, as it does not use land and takes advantage of the existing infrastructures. In turn, these actions 
can finance the refurbishment, as the sale of the interventions made will generate income that can be 
invested in the existing building improvement. 
On the basis of the rooftop extension potential for the construction market recovery and the profitability 
of refurbishment, the aim of this study is to analyze the development of such actions in Europe and in 
Spain. The analysis is done on legislative, constructive and social levels; assessing the potential barriers 
and means to address these interventions. 
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ABSTRACT 
 
Mexico has a very rich heritage of religious structures built mostly in masonry using different types of 
stone existing in each region of the country, however, in populations of the center-south where it exists 
clay soils typical of the agriculture regions, the buildings built in earth had a great influence on most of 
the vernacular and religious construction. Unfortunately, much of this adobe work has been lost due to 
the effects of climate, lack of maintenance and in other cases due to the action of earthquakes, which 
has generated a constant concern on the part of the municipalities and universities to preserve such 
buildings with its original characteristics, so the analytical and experimental study of simple and 
economical intervention proposals in constructions in vulnerable condition, acquires today a sense more 
in line with the vision of the modern restaurateur, being the responsibility of said professional to improve 
and optimize the current methodologies in order to achieve a better practice, that guarantees a healthy 
procedure in the complex structural area of conservation and restoration. In the present work the 
structural behavior is analyzed in detail before a certain seismic demand, of a 17th century adobe chapel 
located in the south-west of the Mexican Republic within the municipality of los Reyes, Michoacán, 
which presents an important deterioration level and interventions that have not been the most 
appropriate, suggesting a proposal for improvement of seismic behavior using compatible materials and 
intervention techniques common in the local construction, illustrating solution possibilities that could 
be applied to structures with similar typological characteristics. 
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ABSTRACT 
 
The necessity to identify strategies useful to management of issues strictly connected to climate 
changes at local scale supported the scientific and administrative fervour in determining adaptive 
actions at urban scale, suitable and complementary to the mitigation ones. On the contrary, in 
managing Urban Heat Island effect and energy retrofit issues of existent residential heritage, built 
enclosed in historic districts represents a challenge in both fields until now.  
In fact, the necessity to coordinate actions useful to the reduction of energy consumption of historic 
built heritage cannot overlook his inherent physical complexity, as well the future increasing trend 
of temperatures highlighted by scientific community and local amplification effects in urban areas. 
For these reasons, paper analyses the historic district of Molfetta, located along the coastal area of 
Apulia region (Italy) in order to identify a system of strategies useful to management and correction 
of energy level of criticism and to identify inherent factors of resilience to climate changes. 
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ABSTRACT 
 
The Brazilian colonial architecture is singular due to the different European influences contributed in 
the Portuguese colony in the XVI centuries until the end of the XIX century. In the state of Minas Gerais, 
cities such as Ouro Preto, Mariana, Sabará, São João Del-Rey and Tiradentes are world references of 
colony architecture; the masters of works succeeded in building monuments, which today are the 
patrimony of humanity. The preservation and restoration works in the last decades in Brazil had a great 
impulse, - considering the need to preserve our culture and the international guidelines presented through 
patrimonial letters. However, historical buildings, which do not stand out as part of the great historical 
centers, end up being forgotten, without proper conservation over time. Non-destructive testing on 
wooden structures is an unexplored alternative for the study and preservation of historical constructions. 
The armor-plated scissors, a constructive system that was widespread between the 17th and 19th 
centuries in Brazilian historic cities, is a structural cover that, due to the fragility of its stability, suffers 
great plastic deformations and displacements, weakening underlying constructive systems such as 
linings and masonry. In this article we aim at the applicability of the methodology to the non-destructive 
tests in armor-sheared scissors in the city of Jequitibá and in the district of São Bartolomeu, belonging 
to the city of Ouro Preto, central region of the state of Minas Gerais, characterizing the deformations 
and structural pathologies , respecting the integrity of the structure as well as describing the 
methodologies of analysis and the importance of the non-destructive survey in historical wood 
structures. 
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ABSTRACT 
 
Sikkim, the second smallest state in India is situated in the highly tectonically active Himalayan Arc. 
The entire state of Sikkim lies in Zone IV with maximum expected shaking intensities of VIII on the 
Modified Mercalli Intensity (MMI) scale. Sikkim has many historical religious structures mainly 
numerous old Buddhist monasteries which constitute the rich cultural heritage of the state. After an 
earthquake of magnitude 6.9 on 18 September 2011 at 18:11 hrs IST in Sikkim-Nepal Border region 
many areas in Sikkim sustained various degrees of damages. The monasteries were impacted 
highlighting the urgent need for intervention  
To achieve better performance of the monasteries in next earthquakes some strong recommendations 
creating a holistic approach to fulfill the requirements for future sustainability of the vulnerable 
monasteries are required. Some guidelines, action plans and retrofitting policies are pointed out for 
further considerations. 
There are many approaches and possibilities for the seismic retrofit of the monastery buildings but the 
appropriate retrofitting techniques should be used economically using of locally available materials, 
with suitable modifications. Earthquake experts should be deputed for supervision. The measures to be 
undertaken are building specific. So to begin with the retrofitting processes the weak parts and also the 
parts which have become weak have to be identified. Then the strengthening measures have to be applied 
to weak members or of the old structures. 
The originality of historical heritage should be kept in mind during retrofitting. To keep their pristine 
identity of the historic monasteries is quite complex and thus special attention should be focused on this 
aspect of action. 
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ABSTRACT 
 
The response of rehabilitated unreinforced masonry (URM) structures to strong ground motions is 
studied in the present paper. Commonly used radical interventions comprise addition of a steel or 
reinforced concrete frame in the interior of the structure after removal of interior load bearing or/and 
partition walls. The embedded substructure is designed to support the functional loads of the building 
and commensurate seismic design forces associated with its mass. In this setting, perimeter walls are 
relieved of any bearing action apart from resisting the state of stress associated with their self-weight. 
An important design decision is the extent of contact and interaction that is allowed to occur between 
the perimeter URM wall and the interior structural system; both options present advantages and 
disadvantages. The effect that this design option has on the seismic response of the composite system is 
studied in this paper using linear elastic finite element analysis. It is found that connection of the frame 
to the masonry walls at several points around the floor and roof perimeters creates a diaphragm action 
that effectively reduces the out-of-plane bending of the self-standing perimeter URM walls without 
excessive local stress intensities and increases the shear strength of the building. Lack of contact between 
the old and new load bearing elements leads to higher intensity stresses due to bending and only the 
addition of a reinforced concrete tie belt at the top of the walls may mitigate serious damage. 
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ABSTRACT 
 
Reinforced concrete structure durability has been getting a lot of attention in academic research 
related to building security and stability. Thus, knowledge about the condition of the structures, 
particularly those affected by issue symptoms, is a powerful tool to minimize costs and improve 
structural reinforcement and repair service efficiency. Steel corrosion in reinforced concrete 
frames is the most frequent pathological manifestation in buildings around the world, and it is 
closely linked to the concept of structural integrity and safety. This paper describes, explains, 
and remarks on the services performed by a company specialized in structure pathology in 
determining the causes, origins, and mechanisms involved in steel corrosion in reinforced 
concrete frames in the ground and mezzanine floors of a building located in the coastal city of 
Cabedelo/PB. Mechanical, physical, chemical, and electrochemical tests were conducted in the 
structure, and the conclusion was that concrete carbonation was the mechanism behind the 
pathological manifestation, and the source of the issue was linked to the execution of the work. 
The therapy process adopted was divided into levels related to the degree and progress in the 
observed degradation, and a few structural repair techniques were adopted, such as traditional 
structure repair, chemical realkalinization, corrosion inhibition, and surface protection. 
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ABSTRACT 
 
Many of the historic Spanish buildings have been built with ceramic brick and mortar of lime and sand. 
These materials undergo degradation processes because over time, mainly by the action of water from 
the ground, rain and the environment. These degradation processes are very frequent so it is interesting 
to design some test procedure, non-destructive, that allows to know the volume of water that can contain 
a brick wall. Once this volume of water is known, it is possible to define more accurately the appropriate 
interventions in the rehabilitation of buildings with lesions that have been originated by the processes 
of water absorption and desorption. The basis of this experiment is based on two principles: 1) the heat 
flow that crosses a wall is conditioned with its insulating capacity. 2) Water is one of the best heat 
transmitters. For the same external conditions, the heat flow through a wall is greater if it contains more 
water. Therefore, if we know the heat flow we could know the water content of a wall. This article 
describes the laboratory tests carried out with brick work specimens, in accordance with European 
regulations, in order to analyze whether a non-destructive test could be carried out to evaluate the water 
content of a brick factory wall. 
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ABSTRACT 
 
My contribution is the analysis of mechanical and chemical characteristics: shore hardness, tensile 
strength, elongation at break, water absorption, adherence to concrete, to membrane, to wet concrete; 
bond strength, curing time, crack bridging, elasticity, bending, sagging and waste cause to rebound while 
spraying. This analysis will prove a better long term performance regarding service life. And it compares 
differents formulas in order to improve the characteristics mechanical and chemical.  
This fast application to reduce construction time and costs, easy application, suitable for complex 
geometries. 
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ABSTRACT 
 
Frequently the highway bridges are subjected to seismic actions that cause damage. After a destructive 
seismic event, it is necessary to evaluate different rehabilitation and / or reinforcement techniques to 
improve the expected behavior in the future. Common rehabilitation techniques increase the stiffness 
and the strength of the structure; among them are: jacketing, external prestressing, addition of structural 
elements, use of composite materials and passive control systems. The inclusion of an isolation system 
is an alternative that can reduce seismic demands and at the same time increases the energy dissipation 
capacity of the structure. In this study, the addition of isolation systems in existing bridges built in 
Mexico is evaluated as an option to improve their seismic behavior. The main objective is to determine 
the feasibility of using lead rubber isolators to improve the seismic response and reduce the vulnerability 
of the bridges. For the study, two bridges built in Mexico are selected with proximity to the seismic 
sources and are subjected to typical accelerograms registered in Mexico. Non-linear time-history 
analyzes are carried out to determine the effect of isolation systems on the demand of shear forces and 
expected displacements in piers. The results allow to quantify the viability of the use of these systems 
in the reduction of the seismic response and the importance of the parameter selection of the isolation 
system on the expected seismic vulnerability. 
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ABSTRACT 
 
The first constructions with the concept of modern concrete date from the end of 19th century, although, 
in many European countries, some developments took place at the begining of the nineteenth century. 
The concrete as a structural material was new so it had not been taught in universities; and it replaced 
other classical materials such as stone, and it worked differently, so it required a different and specific 
structural typology. But not only were different the structural forms, but also the materials in its working 
behaviour. They were different from those that existed at the moment, but also very different from the 
concrete used nowadays. Despite everything, many of these structures made with concrete with more 
than one hundred years built are still in use, however, with serious problems of conservation and resistant 
capacity, acording to the new requirements of loads. The typology analyzed in this study is a bridge of 
“pi” shaped beams executed “in situ” with three isostatic spans of approximately 9 meters length. The 
máximum load had already been limited, and, also, some previous interventions had been done, but in 
spite of it its condition was very deplorable. In this paper, the evaluation of its initial state, the 
intervention proposals, the intervention itself and the decision making during the execution of the 
reinforcement work through the application of new materials as carbon fibers are analyzed. 
 
  

mailto:jamartinez@ubu.es
mailto:aragont@ubu.es
mailto:lmgcite@ubu.es


 
3.- BUILDING INTERVENTION 
3.2.- Rehabilitation and durability 

 

REHABEND 2018 Congress 257 
 

 
 

CODE 204 
 
 

CONCRETE CRACK SEALING BY COLLOIDAL NANOSILICA INYECTION: 
EFFECTIVENESS AGAINST WATER ABSORPTION 

 
 

Sánchez Moreno, Mercedes1*; García Calvo, José Luis1 

 
1: Instituto de Ciencias de la Construcción Eduardo Torroja (IETcc), CSIC 

e-mail: mercesanc@ietcc.csic.es, web: http://www.ietcc.csic.es 
e-mail: jolgac@ietcc.csic.es, web: http://www.ietcc.csic.es 

 
 

KEYWORDS: Concrete crack sealing; durability performance improvement; capillary absorption 
coefficient; colloidal nanosilica injection. 
 
ABSTRACT 
 
In the present work, an innovative treatment based on colloidal nanosilica injection for crack sealing in 
concrete is proposed. Nanosilica particles polymerize within the crack, acting as a filler but also 
interacting with the substrate on the crack sides, even forming new hydration products on the crack.  
Cylindrical fiber reinforced mortar samples (10x20 cm) made with siliceous sand 0-4 mm and a 
water/cement ration of 0,4 were fabricated. After a curing period of 90 days in a climatic chamber 
(100%, 21ºC), the samples were cut in slices of 4-cm thickness. The slices were pre-cracked up to a 
crack mouth opening displacement (CMOD) of 300 µm.  
The crack sealing was carried out after a drying process under laboratory conditions until constant 
weight was reached in order to simulate the real conditions of a concrete cracked surface. A commercial 
dispersion of colloidal nanosilica (Bindzil 301 CC) was used for the treatment. Three experimental 
conditions were studied: reference sample without cracking (REF), water injection in the crack 
(WATER) and nanosilica injection (CNS). Three samples were evaluated in each case.  
After the treatment the samples were maintained in high humidity conditions (100% HR) before 
characterizing the treatment effectiveness. The effectiveness was assessed at 7 and 28 days after the 
treatment by determining the water capillary absorption coefficient. The results shown that filling the 
crack with colloidal nanosilica improved the durability performance of the treated concrete by 
decreasing both the rate of penetration and the total amount of absorbed water, although the cracked was 
not totally sealed. It must be remarked the influence of the curing postreatment period on the sealing 
effectiveness, with lower values of the capillary absorption coefficient for the longer post-treatment 
curing periods. 
Authors acknowledge Zeus Química S.A. for supplying the colloidal nanosilica dispersion. M. Sánchez 
also acknowledges the financial support from the Spanish project BIA2014-56825 JIN and from the 
COST Action CA15202. 
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ABSTRACT 
 
The grouts injection is one of the possible techniques for structural consolidation works of stone 
masonry walls. However, besides the reversibility, one of their biggest problems is precisely the choice 
of mortar or grout to use. Due to easy preparation, the commercially available grouts (pre-dosed products 
that you need only add water) are preferred over the grouts dosed and prepared “in-situ” because they 
requiring less labour and less equipment for its elaboration. However, the use of commercial grout has 
some disadvantages, mainly from an economic point of view besides presenting in the respective 
datasheets limited information which makes the direct comparison between materials more difficult. 
This work aims to demonstrate that compositions with proper proportions of metakaolin, cement and 
hydrated lime, plasticizer and water, may have very similar features or even higher than some of the 
commercial products available in the market. This study aims to compare the rheological properties, 
physical (texture and colour) and mechanical of one of the commercial grouts with one composition 
made in the laboratory as well as an economic study, demonstrating that these materials constitute a 
possible alternative to existing commercial grouts on the market. 
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ABSTRACT 
 
As a result of the permanence of people, mainly elderly and not only, in the interior spaces of old 
buildings situated in strict climatic zones, both rural and urban, has been a greater concern with the 
thermal comfort and air quality inside. This concern is fundamentally based on improving the living 
conditions of residents in order to avoid abandonment and to arouse their interest in them, since these 
areas are often areas of great tourist interest that need to be preserved and kept alive. 
In spite of the enormous evolution of thermal energy conservation systems and control of indoor air 
quality in construction, as well as of the regulations governing its implementation, the ancient buildings 
do not follow this evolution, presenting a thermal and hygrometric behaviour that sometimes can 
compromise the comfort, health and activities of its users. 
This article intends to characterize the inside habitability conditions of sixteen buildings located in the 
historic centre of Bragança, more precisely in the city's Citadel, buildings characterized by being small, 
with little natural light and rarely subject to thermal rehabilitation work . It is also intended to compare 
with the results obtained in 2012 with a similar study and to verify the influence of the programs of 
incentive to the rehabilitation that have arisen in the meantime. 
In this way, were analysed the main parameters of hygrometrical nature inside inhabited buildings, 
chosen at random, such as: temperature and relative humidity, as well as the state of degradation of the 
building and the existence of pathologies both outside and inside. 
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ABSTRACT 
 
When reinforced concrete was first used, it was believed to be indestructible. Many years later, 
however, we have learned that it is not only destructible; it has a determinable life-span. In Brazil, 
the appearance of pathologies has led us to discover a series of flaws in construction and 
maintenance of both concrete structures and secondary elements. Along with the development of 
the Ross-Heidecke model, the degradation found in buildings can now be used to determine their 
actual real estate value. The devaluation model we have used is based on the Ross-Heidecke model; 
however instead of analysing the building as a whole, it is applied to each of its parts. With the use 
of visual inspections, photographic evidence, and the determination of both the projected life-span 
and the actual life-span, we were able to determine the physical devaluation of a multi-storey 
apartment complex through the study of the degradation and conservation state of its individual 
components. 
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ABSTRACT 
 
There is a growing concern about how to preserve and maintain the historical centers of cities. The 
administration and private companies have been carried out works of conditioning and improvement, in 
order to the historic centers regain the importance and quality of life they had in their day. 
One of the major objectives is to reduce pollution and dirt produced by motor traffic, and to promote 
non-motorized transport such as bicycles or electric vehicles. To enhance this type of transport we need 
to have bike lanes and the electric carparks. For that we need delimited these areas. Both solutions can 
be covered with resin floors compatible with asphalt. 
In this article, we will analyze the characteristics of these resins compatible with asphalt: flexibility and 
scratch resistance, impact resistance, elasticity, aspect (glossiness), QUV resistance, ice cycle. These 
resins contribute to a more sustainable life first with less contamination and second because I will present 
the analysis of Life Cycle Assesment in compare with epoxy and epoxy water base resins. 
 
  

mailto:miranda.maria@es.sika.com
mailto:alejandro.urena@urjc.es
mailto:alberto.jimenez.suarez@urjc.es
mailto:mjrubio@isoquiral.com


 
3.- BUILDING INTERVENTION 
3.2.- Rehabilitation and durability 

 

262 REHABEND 2018 Congress 
 

 
 

CODE 317 
 
 

LABORATORY ASSESSMENT OF FUNGI GROWTH ON A TABIQUE WALL 
REHABILITATED WITH LIME MORTAR 

 
 

Barreira, Eva1; Almeida, Ricardo M.S.F.2; Silva, Elisabete3; Brás, Isabel3;  
Rocha, Ana1; Costa, Catarina3 

 
1: CONSTRUCT-LFC, Department of Civil Engineering 

University of Porto, Faculty of Engineering 
e-mail: barreira@fe.up.pt; ec12302@fe.up.pt 

2: CI&DETS - Polytechnic Institute of Viseu / CONSTRUCT-LFC, Department of Civil Engineering 
Escola Superior de Tecnologia e Gestão de Viseu / University of Porto, Faculty of Engineering 

e-mail: ralmeida@estv.ipv.pt 
3: CI&DETS - Polytechnic Institute of Viseu  

Escola Superior de Tecnologia e Gestão de Viseu  
e-mail: beta@estv.ipv.pt; ipbras@estv.ipv.pt; catarinakisabel@hotmail.com 

 
 

KEYWORDS: Fungi; painting systems; lime mortar; tabique. 
 
ABSTRACT 
 
The development of fungi inside the buildings has not only aesthetic consequences but also it affects the 
durability of materials and constructive solutions. However, no less important is its effect on the health 
of the buildings users. The paint system is a main key to be considered when dealing with the resistance 
of the wall to biological activity. Additionally, in the rehabilitation of a tabique wall, one of the main 
concerns is the selection of the mortar, as it must be compatible with the existing materials. The mortar 
choice will have consequences in the selection of the painting system. 
In this work, a specimen with 1.22 x 0.45 m2 extracted from a tabique wall of an old building located in 
the historical centre of the city of Viseu was used to evaluate the resistance to the fungi growth of 
different paint systems applied on a lime mortar. Eight painting systems with different chemical 
compositions (organic paint, silicate mineral paint and lime paint) were selected. They were applied in 
a mesh of 0.15 x 0.14 m2 elements. For each scenario three samples were prepared, in a total of 48 tests. 
The specimen was placed inside a climatic chamber under constant hygrothermal conditions (T = 22 ºC 
and RH = 90%) for 5 months. Fungi growth was evaluated by counting the number of Colony Forming 
Units (CFU) and by visual inspection using photographic record, which included the quantification of 
the percentage of black pixels. 
From all paint systems that were assessed, the one with the less satisfactory performance inhibiting 
biological growth was the lime paint, since it was the only one where fungi were visually detected and 
with the highest CFU values. These results may be explained due to the relative humidity that was kept 
permanently very high throughout the all test. 
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ABSTRACT 
 
This paper deals with the wood durability when applied in the building façades and outdoor subject to 
aggressive environmental agents and its means of protection. This study is justified since wood outdoors is an 
important part of the built heritage that needs to be preserved. The aim of this work was to obtain the relationship 
between the performance of wood surface protection products and different service situations. It was evaluated 
its coating ability to the environmental aggressions, simulating an application above ground and exposed to the 
weather (use class 3.2 - EN 335-2:2013) and to the attack by fungi simulating an application in direct contact 
with soil (use class 4.1). The long-term goal of this work is to contribute for the creation of a results network 
making easier for the user to protect wood from external aggression. Four different environmental conditions 
were chosen: next to the coast (saline); urban centre (pollution); interior of the country (high thermal amplitude); 
soil contact (fungi and moulds) and building interiors (control). Three commercial water based products were 
chosen due to its characteristics: WRN - water resistance assured by nanotechnology; WAC - weatherproof 
acrylic copolymer; ART - acrylic resins with Teflon®. 
This work showed that the most aggressive environment was the one with high thermal amplitudes. Comparing 
the performance of tested products: WRN exhibits the lowest protection levels, only antifungal function was 
comparable to the other products, in this formulation instead of sealing the pores, nanoparticles "dress them", 
assuring that water is effectively repelled by chemical forces; WAC and ART were very similar since both form 
a protective film increasing the surface resistance; ART presents the best performance with respect to coating 
integrity with very positive influence against the development of cracks. 
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ABSTRACT 
 
The detailed characterization of the old building stock is fundamental in any rehabilitation process. In 
the specific case of energy rehabilitation, it is crucial to accurately evaluate the thermal properties of the 
original building elements, especially the thermal resistance, in the case of opaque elements of the 
external building envelope. This determination is usually made by calculation based on the tabulated 
properties of the materials. 
However, either because of the uniqueness of the materials and constructive solutions found in older 
buildings or because of their conservation status, such quantification can lead to values that do not reflect 
the real thermal performance of the buildings. In this sense, both in-situ and laboratory tests are 
fundamental for a more rigorous evaluation. These concerns are particularly important in constructive 
solutions of high heterogeneity, such as the wood-mortar traditional partition walls. 
On the other hand, although usually assumed as constant in the thermal and energetic models, the 
thermal resistance of the building elements presents variability, due to factors such as temperature and 
moisture content. 
In this work, the thermal resistance of a specimen extracted from a partition wall of a building in the 
historical center of the city of Viseu was evaluated in laboratory, trying to establish its variability as a 
function of temperature and relative humidity. For this purpose, the "Hot-Box" method was used and 
followed the methodology recommended in ISO 8990. Several cycles were established, with different 
values of temperature and relative humidity to evaluate the variability of the thermal resistance of the 
partition wall. 
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ABSTRACT 
 
The present work refers to one of the main problems related to concrete structures and elements such as 
the appearance of cracks that compromise mechanical behavior and limit the durability of concrete. In 
order to avoid or limit this tendency to cracking, innovative technologies based on the use of inorganic 
expansive additives are proposed. In particular, the use of expansive grouts with high penetration 
capacity in the crack is evaluated in order to avoid the entry of aggressive agents and to recover the 
initial mechanical properties. In this study the expansive grouts are composed of CEM I 52,5R and 
different proportions of two types of expansive agents: type K (based on calcium sulfoaluminate) and 
type G (based on calcium oxide). Both agents promote expansive behavior by increasing the content of 
a specific type of hydrate; the first one promotes the formation of ettringite while the second one 
promotes the generation of portlandite. In this study, the mechanical properties and the expansion 
characteristics of the manufactured slurries were evaluated under conditions of uniaxial restriction. In 
the results obtained, a clear influence of the type of expansive agent and its content was detected. 
Eventually, the sealing efficiency of the slurries was evaluated. Cylindrical samples of steel fiber 
reinforced mortar were manufactured and cracks of 1500 μm were induced after 28 days of curing by 
means of the Brazilian test controlling the crack opening. Once cracked, the samples were stored in 
relative humidity greater than 98% and at 20°C for 28 days. At that age, the recovery of the initial 
mechanical properties was evaluated. The results show that expansive behavior improves the repair 
efficiency. 
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ABSTRACT 
 
In order to fully perform their functions and be durable, mortars for renders and plasters are 
requested to have a set of characteristics that can vary with the type of exposure to external 
environmental actions and the type of substrate. Generally, they need moderate strength, high 
deformability, some water protection capability, and good adhesion to the substrate. 
To be used in rehabilitation works, especially for application on old buildings, with structural 
masonry walls, it is of utmost importance that mortars are compatible with pre-existent materials. 
The presence of water and its movement inside the pore structure of the mortars are among the most 
significant causes of degradation. However, several authors consider that the main factors for 
durability and good performance of lime-based mortars are mostly related with the good quality of 
the binder and the use of adequate aggregates with appropriate particle size distribution. 
Accelerated weathering tests are the easiest, quickest, and most commonly used way of studying 
the durability of a construction material exposed to given environmental conditions. 
This paper intends to study the effect of ageing, on the properties and durability of air lime mortars, 
using aggregates of different lithological natures. For this purpose, different mortars compositions 
are made and exposed to an accelerated weathering test under defined conditions. The obtained 
characteristics are discussed and finally compared with the results obtained with the same mortars 
tested in laboratory conditions. The effect of the aggregate type on the durability of mortars is 
highlighted and discussed. Some remarks are made about the fields of application of these mortars. 
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ABSTRACT 
 
Mortars have a fundamental role in buildings’ global behaviour. They provide protection to the 
constructive elements and contribute significantly to thermal and acoustic comfort of the users. The 
selection of an adequate product for repair or replacement of old mortars is a very important issue. 
Considering the current quality required for mortars’ industries in what concerns to technical 
specificities and environment, it is fundamental the use of natural raw materials, with lower 
environmental impact. The development of multifunctional mortars, suitable for different substrates, 
also guarantees the versatility of these products, a major requirement in the context of rehabilitation. In 
this way, mortars with the incorporation of granulated cork, a bi-product from the exploration of cork, 
largely produced in Portugal, were developed. With this work, it is intended to develop lighter mortars 
with improved thermal behaviour comparatively with common cement based mortars, and suitable for 
different substrates.  
For this purpose, 3 different compositions were analysed, with fine cork granulate, black common 
pigments and black “NIR (near-infrared) control surface coatings” pigments. 
Mechanical behaviour was determined through compressive and flexural strength, dynamic elasticity 
modulus and adhesive strength for different substrates. Mortars’ higrothermal behaviour was also 
evaluated considering the results obtained for water vapour permeability, capillary absorption and 
thermal conductivity tests. 
Very promising results were obtained, which allow the framing of these mortars in the recent context of 
CE marking requirements for rendering and plastering mortars. 
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ABSTRACT 
 
The relation between transport phenomena and frost durability of cement-based materials are a main 
focus of research. The purpose of the study is to understand how the cyclic water freezing (0, 50,100 
and 150 freeze-thaw cycles) impacts on microstructure as well as mechanical and transport properties 
of cement-based materials. The experimental study is conducted on cement mortar and concrete with 
two water to cement ratio equal to 0.50 and 0.40 without air-entraining admixtures. The changes of pore 
size distribution and water absorption coefficient are investigated for cement mortars by means of 
mercury intrusion porosimetry and capillary absorption test. Moreover, the interaction of frost action 
with permeability and mechanical properties of concrete is discussed. The damage of material is 
characterized by the reduction of elastic modulus, as well as the permeability evolution due to cyclic 
water freezing. It is established that a variation in the mechanical properties induces an increase of water 
transport parameters such as intrinsic permeability coefficient. In case of w/c=0.50 one can observe the 
extension changing both mechanical and transport parameters. For w/c=0.40, it can be noticed a lack of 
reduction of the ice-induced microstructure degradation. With the increasing number of freeze and thaw 
cycles, no further destruction of the pore structure is noticed. 
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ABSTRACT 
 
Slab on grade supported on expansive soils though not common in Benghazi, however few cases have 
been encountered. These slabs are subjected to large deformations due to the volumetric strains induced 
in this type of soils upon wetting and drying yielding high detrimental damages to these structures.  
A case history is presented in this paper where foundations of a residential building of total plan area 
200 m2 are constructed with tie beams at 1.2 m above the formation level. Expansive soil is used as back 
fill material to the ground floor level. After being wetted and lightly compacted, plain concrete slabs of 
thickness 120 mm are poured between the tie beams. This produces different sizes of slabs on grade. 
After one month of heavy rain a pattern of wide cracks including longitudinal, diagonal and warping 
cracks appears on the slabs due to the large uneven deformation of the expansive soil. 
This paper includes photos of the uneven large deformations of the slabs that took place and the different 
cracks induced. The paper also includes the geotechnical properties of this expansive soil as well as its 
potential to swell and shrink and applies two different methods in predicting the pressure induced in 
these slabs due to the differential heave. 
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ABSTRACT 
 
The municipality of Loja is located halfway between the cities of Málaga and Granada, it is the last town 
to the west of Granada with a population close to 25.000 and its economy is mainly based on the primary 
sector which is home to an important monumental heritage with civil, military and religious 
constructions, as well as Roman remains and prehistoric from the lower Paleolithic. 
A significant part of Loja´s monumental heritage has disappeared and the other part is found in an 
advanced stage of damage. This was the case of Iglesia Mayor de la Encarnación. This church, which 
situation is in the town centre was named by the Reyes Católicos to show the victory of Christians over 
muslims and it is dedicated to Santa María de la Encarnación. 
The construction began approximately in 1491 on the site previously occupied by the old aljama mosque 
at the iniciative of the Bishop of Malaga Pedro Díaz de Toledo y Ovalle. The Renaissance altarpiece of 
the church from Miguel Sánchez and Pedro Machuca stands out from the rest. It was declared National 
Historic Monument in 1979. 
By the time when the restoration works began it showed and advanced state of damage, with a pathology. 
This situation, added to the seismic location, recommended an integral intervention on it as well as 
incorporate new constructive-structural elements to improve its stability. Always carrying out this 
process following the recommendations of the restoration letters and the latest investigations. 
The aim of this article is to describe all the damages found and their analysis to find out the causes that 
have originated them along with the justification of the constructive solutions adopted. It is also an 
objective of this article the decision to incorporate new constructive-structural systems capable of 
ensuring a better overall performance of the monumental complex; as well as the design and constructive 
justifications of them. 
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ABSTRACT 
 
Reinforcement in structures aims to restore the carrying capacity, when there is a need for correction 
any anomaly or its increase to a new purpose. The objective of the present study is to evaluate the 
efficiency of reinforcement with carbon fiber composites in concrete beams through a theoretical design 
and experimental analysis. For this, the behavior of two groups with three beams was evaluated. Group 
A was the reference group (without reinforcement) and group B received reinforcement in the traction 
region of the beam. The load capacity was analyzed by reaching the maximum displacement allowed by 
Brazil standard (L / 250) and the load capacity at the time of the rupture. As a result, a load increase was 
obtained in the beams of group B, in relation to group A, of approximately 20% when reaching the 
maximum displacement established by norm and load increase around 12% in the rupture. At the 
rupture, the beams of group B also had an average displacement around 24% lower compared to group 
A. 
 
  

mailto:michelcarfer@gmail.com
http://www.group.pt/
mailto:avargas@unesc.net
mailto:acp@unesc.net
mailto:dss.engcivil@gmail.com


 
3.- BUILDING INTERVENTION 
3.3.- Reinforcement technologies 

 

272 REHABEND 2018 Congress 
 

 
 

CODE 6 
 
 

EXPERIMENTAL ANALYZE OF THE SHEAR REINFORCEMENT WITH STEEL 
PLATES IN CONCRETE BEAMS 

 
 

Bez Batti, Marília M.1*; Vale Silva, Bruno2; Costa Piccinini, Ângela3; dos Santos 
Godinho, Daiane4; Guglielmi Pavei Antunes, Elaine5 

 
1: Universidade do Extremo Sul Catarinense, Curso de Engenharia Civil 

e-mail: mariliabezbatti@hotmail.com ,  web: http:www.unesc.net 
2: Centro Universitário de Adamantina, Departamento de Engenharia Civil  

e-mail: dovalesilva@hotmail.com, web: http://www.unifai.com.br 
3: e-mail: acp@unesc.net, web: http:www.unesc.net 

4: e-mail: dss.engcivil@gmail.com, web: http:www.unesc.net 
5: e-mail: elainegpa@unesc.net, web: http:www.unesc.net 

 
 

KEYWORDS: Concrete; shear; reinforcement; steel sheets. 
 
ABSTRACT 
 
In some situations, it is necessary to reinforce or rehabilitate the structure in the short term, but for this 
it is necessary a critical analysis of the causes, in order to be able to define what better technique to use. 
The structural reinforcement is used to increase the element's ability to withstand an effort, which due 
to faults, wear, thermal variations, lack of maintenance, no longer meets the original conditions or new 
needs of use. The objective of the present study is to evaluate the reinforcement behavior with SAE 
1020 steel sheets, with a thickness of 0.75 mm, bonded with structural epoxy adhesive. The steel sheets 
were applied in the shear area of reinforced concrete beams before and after the breaking load. With the 
results of the tests, it is possible to conclude the effectiveness of the reinforcements applied in the sound 
beams, increasing their capacity by up to 50%. In the reinforced beam, after being ruptured, in which 
the fissure was restored with epoxy-based structural adhesive, its load capacity increased by 49.2%. The 
beams that had the cracks filled with mortar presented a drop in their bearing capacity in 58.70%, in 
relation to the reference beams, presenting an unsatisfactory performance. 
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ABSTRACT 
 
One of the most attractive applications of fibre reinforced polymers (FRP) is the confinement of concrete 
columns to enhance both strength and ductility. Concrete confinement can be achieved by bonding 
layers of hoop FRP around the column. Many experimental studies have been conducted on small-scale 
plain concrete specimens of circular cross-sections confined with FRP and subjected to pure axial 
compressive loading, and several design models have been proposed. Experimental studies on non-
cylindrical specimens are much scarcer and show that confinement is less effective. 
This paper presents results of an experimental investigation on the behaviour of axially loaded square 
and rectangular columns strengthened with carbon fibre reinforced polymer (CFRP). A total of 10 
compression tests have been conducted, including one control specimen, and the behaviour of the 
specimens in the axial and transverse directions has been investigated. The parameters considered in the 
study are: amount of FRP reinforcement (1, 2 and 3 layers), aspect ratio of the cross section (1, 1.5 and 
2) and corner radius (20, 25 and 30mm). The specimens height is 600 mm and cross-sectional 
dimensions are: 150x150, 150x225 and 150x300 mm2. 
The test results show that FRP confinement can enhance the compressive strength and ductility of RC 
rectangular columns with rounded corners. The strength enhancement increases with the amount of 
reinforcement and the corner radius, and the confinement efficiency is strongly influenced by the aspect 
ratio of the cross-section. The rupture strain of the FRP jacket is lower than the ultimate strain obtained 
by standard tensile testing of the FRP material.  
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ABSTRACT 
 
This document presents an option of improving the resistance of mortars based on clay by adding natural 
binders derivatives macerating plants: nopal (Opuntia) cocklebur (Bidens pilosa) for removing a gel 
with a viscosity suitable for increasing the cohesion of the clay particles and thus the compactness 
needed to withstand erosive atmospheric agents, in a smaller percentage PVA (Polyvinyl Acetate) as 
artificial stabilizer was used. It began with the study of local clays and natural binders suitable for a 
plaster. Then through the characterization of the chemical composition clays was used to determine the 
amount of silica is obtained. The result is within the framework of regulatory requirements for 
application in adobe houses, thus obtaining an economical and efficient alternative application. 
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ABSTRACT 
 
It has been accentuated in the last few years a rising concern about rehabilitation on buildings and other 
constructions such as civil works with the aim of increasing their service life. Consequently, the use and 
study of the Fibre Reinforced Polymers (FRP) for structural retrofitting have increased notoriously. 
Specially, the reinforcements for confinement of reinforced concrete structures. The extensive research 
undertaken to date has resulted in a number of numerical and pseudo-empirical models that take into 
consideration the effectiveness of these reinforcements in different structures, being the geometry of the 
reinforcement one of the most relevant parameters. A comparative study of the existing models is 
presented, for the case of vertical structures (pillars) with square or rectangular section under axial 
compressive stresses. A database comprising 235 tests was built. The model fitting of the models has 
been evaluated with that database. Furthermore, the analysis revealed the critical influence of the 
following parameters:  the section geometry, the concrete strength of the unreinforced member and the 
FRP-reinforcement thickness, on the confinement effectiveness. The final aim of this study has been the 
improvement of the existent models that presented the best goodness-of-fit for the considered database. 
The optimization was done by the modification of their coefficients in order to accomplish a more 
exactly calculus of the structural retrofitting and its functioning. The reference models used to achieve 
the optimization were the ones by Lam and Teng (2003a) and by Pham and Hadi (2014). The most 
remarkable finding of the analysis is the obtainment of two optimized models, in which the least square 
was noticeably reduced. 
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ABSTRACT 
 
Two cases of intervention in a building are exposed, related with strengthening solutions for reinforced 
concrete columns (particularly for rectangular sections): an example of a damaged column on a random 
building floor, an another where it`s necessary to reinforce all building floors. Each of them for three 
commonly used strengthening solutions: reinforced concrete jacket, steel jacketing, and FRP 
confinement. In the case of the first two alternatives, a substitution reinforcement is proposed in which 
the collaboration of the existing damaged section is despised. 
The analysis of these examples reveale the aspects that are critical in the structural design of each of the 
alternatives. A technical-economic comparison of the solutions is exposed, analyzing the advantages 
and disadvantages of each case, being able to draw conclusions about that in which cases it may be 
preferable to opt for one alternative over another. 
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ABSTRACT 
 
One technique for strengthening reinforced concrete beams and slabs, entails caulking the underside of 
these members with steel shapes. 
This sort of strengthening is often designed from a passive approach; i.e., until the load is increased, the 
shapes are either not loaded or are only slightly loaded to some unquantified extent by caulking with 
steel shims. 
An alternative is an active approach, by applying forces (with jacks or threaded bars, for instance) 
between the shape and the member to be strengthened. The shape is subsequently caulked under the 
beam at the points where the forces are applied with steel shims, mortar or similar. As deflection 
calculations in steel girders are extremely reliable, the forces applied with this procedure can be very 
precisely determined by measuring the deflections of the shape, not only when the strengthening is 
settled down, but in any time. 
This type of strengthening has been analysed in a Doctoral Thesis presented by one of the authors of the 
present paper, under the direction of Prof. Enrique González Valle and Prof. Jorge Ley Urzaiz, in the 
E.T.S. of Civil Engineers of the U.P.M. 
This paper presents some examples of this type of strengthening. The examples show the technical 
aspects to be considered in the design, execution and control. 
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ABSTRACT 
 
In the consolidation of masonry arches and vaults, the designer is asked to find effective solution 
compatible with the existing material and respectful of the historical evidence, according to the principle 
of “minimum intervention”. The author has developed an innovative technique for the consolidation of 
masonry arches, vaults and domes called "RAM - Reinforced Arch Method".  This technique consists 
in modifying the loads acting on the structure through the application of post-tensioned steel cables, 
either at the extrados of the arch or at the intrados, that increase the axial compression. The structural 
efficiency of the method has been widely tested under vertical loads, analyzing more than 400 arches of 
different shape and scale. Furthermore, recent experimentations, performed on more than 100 small 
scale physical models, were oriented to verify the effectiveness of the system to resist also horizontal 
loads, such as seismic ones. In the present paper an intervention in Masino Castle (Italy) is described, 
where RAM was adopted. Fifteen years ago, an evident longitudinal crack appeared crossing all the 20 
meters long, finely decorated, barrel vault of the Galleria dei Poeti, together with a 15 cm depression of 
the central part of the vault. Due to this considerable damage, a consolidation intervention was required. 
It was aimed to reduce the horizontal thrusts of the vault, not sufficiently counteracted by the perimeter 
walls, and, mainly, to improve the stress state of the masonry in the depressed zone. Light and reversible 
choices were adopted, operating only on the extrados of the vault. The RAM was adopted to locally 
restore the behaviour of the vault in the depressed zone. Several post tensioned cables were applied over 
the vault, each one strictly connected with the surface. In the central zone, small anchorages were used 
to force the cables to follow the depressed shape. 
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ABSTRACT 
 
Building rehabilitation is currently recognized as a national need for the conservation and safeguarding 
of built heritage, for the improvement of the quality of life of the populations and for the revitalization 
of historic centers, in which most of the buildings contain structural masonry walls and pavements, and 
structural timber frameworks. 
Since the 40s of the last century, with the advent of concrete, masonry and wood in some of these 
buildings started to be successively replaced by reinforced concrete structures. These buildings are 
known as “transition buildings”. Many of these constructions were built prior to the introduction of 
reinforced concrete regulations in the 1960s, and therefore require intervention due to pathologies 
caused by construction faults that affect their structural safety; advanced degradation due to lack of 
quality of the building materials; changes in use and  adaptations to modern functional requirements. 
In the 70's and 90's, there was a substantial increase in the construction of buildings with reinforced 
concrete structures in Portugal, many without structural and aesthetic quality. Although these 
constructions are quite recent, they also require intervention, in particular due to advanced degradation 
of concrete and the need for structural reinforcement particularly to prevent seismic damage.  
Therefore, Portugal has an important heritage of reinforced concrete buildings requiring rehabilitation. 
Several processes, techniques and materials are available to carry out these interventions, but 
information on the different processes is dispersed in literature and specialty journals and scientific 
articles. This paper aims at systematizing the techniques currently used in the repair and reinforcement 
of reinforced concrete structures, describing concerning processes, limitations and applications. 
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ABSTRACT 
 
Unreinforced masonry (URM) structures are typical of many seismic countries around the entire world. 
In Italy, many of the constructions of the historical heritage are, generally, characterized by masonry 
having low mechanical properties, both for its texture and for the bad mechanical characteristics of 
mortar. Masonry walls are often consisted by irregularly shaped stones, although sometimes minimally 
worked or selected for similar size, and rubble masonry fill, without any transverse connections. 
Therefore, the earthquake performance of URM elements is often unsatisfactory. 
Within the framework of a research project at University of Messina (Italy), the chance of improving 
the relatively poor performance of ancient masonry buildings, which characterize the region of Sicily, 
by strengthening URM walls with an innovative system was investigated. 
The use of steel ribbons to improve the seismic performance of URM walls was used in the past. This 
method consists of adding normal-strength steel rebar or ribbons along different directions on either one 
side or both sides of URM walls. The ties comprise steel strips, which are anchored to the walls using 
steel bolts, and they are either fixed or not fixed to the ground-foundation. 
In this paper, the experimental research will be shown and an application to real case will be presented 
and discussed. 
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ABSTRACT 
 
Several pedestrian bridges in cities of Mexico have small clear spans, and their structure was built 
by reinforced concrete or steel. Many of the steel ones have been designed without full fill the 
appropriate design code, i.e. based on the experience of steel structures workers. It is noticed that 
many of these structures lack of the basic design requirements, as it is to full fill the service limit 
state, for example in limiting excessive vibration with the pedestrian walking. Farther, there is not 
a constant evaluation program whose aim most be to determine the damage state of the bridges in 
their structural elements, this is needed in order to provide an adequate maintenance service along 
the pedestrian bridges service life. Because of the lack of these action, frequently the structures 
present excessive damage. The present work presents a case of study aiming to develop three 
possible reinforcement alternatives for a pedestrian bridge. The work is based on a topographical 
survey and on an ambient measurements campaign to determine the bridge’s geometry and dynamic 
properties, these work allowed us to build a numerical model of the damaged bridge that was 
calibrated based on the ambient vibration tests, and based on it to get to know the original structure 
by inferring the material properties. There were identified the structural deficiencies with the aim 
to develop alternatives that were modelled analytically. The results allow to determine the best 
reinforcing alternative that could be implemented in pedestrian bridges with a similar structure of 
the case studied in this work. 
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ABSTRACT 
 
The increasing use of glued-in rods (GiR) in timber structures and the persisting lack of european 
standardization for this connecting system have been gearing the research on this topic. Most of the 
existing work has been carried out with softwoods, because these are the most frequently used in 
new timber structures, where the application of the technique is focused. However, it is also of use 
in the rehabilitation of ancient degraded timber structures, often made up with hardwood species, 
as is the case with chestnut in Portugal. This paper describes the experimental work carried out with 
specimens of both old and new chestnut wood, aiming at the characterization of glued-in rods 
behaviour, the comparison with values provided by some design methods proposed in the literature 
and the feasibility of its estimative application in strengthening and repair design. 
With pull-pull tests, cohesive failure in the glueline was the prevailing failure mode of new wood 
specimens, while the old wood specimens showed a cohesive failure in the wood. With pull-push 
tests, the share of cohesive failures in the glueline increases in both types of specimens. The 
comparison of experimental results with those provided by proposed design methods shows that 
some are not on the safe side. 
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ABSTRACT 
 
Timber is one of the oldest and widely used construction material all over the world, thus there 
exists huge number of historical timber building. The main principle of preservation of historical 
timber buildings is minimum intervention and maximum retention of materials. At this point, 
instead of replacing, the retrofitting or strengthening of existing timber members by means of 
innovative techniques plays a vital role. Strengthening of existing structural members with Fiber 
Reinforced Polymers (FRP) has been widely used in the latter decades. In this study, a new 
strengthening method with textile-reinforced elastomers is introduced. The strengthening method 
consists of combined application of a glass fiber textile in open mesh configuration and a special 
sprayed elastomer to the outer surface of the structural member. Within the scope of the 
experimental program, unstrengthened and strengthened timber beams were tested to failure under 
four point bending. The strengthening method provided a notable enhancement of strength, stiffness 
and ductility of the timber beams. 
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ABSTRACT 
 
The recovery and reinforcement of the concrete structures has been significantly increased in recent 
years. Polymeric composites reinforced with fibres have been currently one of the most appropriate 
choices to structural reinforcement performance. Recent research suggests the use of new fibre-
matrix combinations for composite development, producing a system that meets the structural 
requirements with reduced costs and environmental impacts. The replacement of synthetic fibres to 
natural fibres is an alternative to the production of these composites. The sisal fibre is abundantly 
in Brazil, has excellent mechanical properties and low cost. This paper analyzes the use of sisal 
fiber composite epoxy matrix as bending reinforcement in reinforced concrete beams. The epoxy 
matrix composites with sisal fibers aligned unidirectionally in content 50%, 60% and 70% by 
volume. The 70% fibre composites showed the best mechanical properties with modulus on the 
order of 36 GPa and tensile strength equal to 309 MPa. The performance of these composites as 
structural reinforcement has been evaluated by comparing your performance with carbon fiber 
composites. To this end, numerical simulations were carried out using the finite element method, 
by relating the increase on load capacity of beams reinforced with carbon fiber composites and the 
sisal fiber composites. The results showed that for the same performance of epoxy laminates with 
carbon fibres, composites with vegetable reinforcement required a thickness of 4.8 times larger, so 
your use as structural reinforcement may be feasible. 
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ABSTRACT 
 
In last decades, several experimental tests were carried out in order to investigate the effectiveness 
of strengthening systems by using FRP as a confinement technique of masonry columns. Recently, 
in order to solve problems related to the compatibility of FRPs with masonry members, a new 
technique based on the use of inorganic matrix rather than resins has been developed (FRCM - 
Fabric Reinforced Cementitious Matrix). 
In order to investigate the structural effectiveness of FRCM systems, an experimental program was 
carried out on full-scale masonry columns by means of uni-axial compression tests. In particular, 
the effectiveness of FRCM systems based on the use of A.R. glass fibre grid embedded in lime-
based mortar with high mechanical properties has been investigated. Test programme, material 
mechanical properties, and test setup are herein presented along with the preliminary experimental 
results in terms of load and ductility capacity of a control and strengthened specimen. A preliminary 
comparison between the performance of FRP and the strengthening systems is also reported. 
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ABSTRACT 
 
In many seismically active regions, historical masonry buildings represent a significant portion of 
the building heritage. These structures very often are characterised by masonry having low 
mechanical properties, both for its texture and for the bad mechanical characteristics of mortar. If 
it is wanted to preserve this heritage, the use of strengthening methods is necessary and, as 
consequence of an increasing interest in the conservation of historic construction, there is wide 
interest nowadays in studying new strengthening techniques. In fact, in the past was widely used 
“conventional” techniques as grout injections or concrete external reinforcement, but these systems 
have shown problems over time in terms of effectiveness and durability. In most recent years, new 
reinforcement materials were introduced to the world of restoration like Fibre Reinforced Polymers 
(FRP) or Fibre Reinforced Cementitious Matrix (FRCM), which are made up of synthetic fibres 
embedded in resins or mortar, respectively. However where is requested to maintain the original 
aspect of facing-masonry all the previous techniques seem to be unsatisfactory. In this paper is 
presented a review of the innovative techniques recently proposed to solve this problem, in order to 
facilitate the role played by designers in restoration and rehabilitation interventions. 
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ABSTRACT 
 
Due to the significant growth of traffic in the last years, along with increasing environmental impacts, 
the deterioration of the infrastructure has increased. This degradation in reinforced concrete structures 
is mainly caused by the corrosion of the steel reinforcement. To increase the life span of these structures, 
the implementation of new non-corrosive materials has become more prominent in the last years. Glass 
fiber reinforced polymer (GFRP) reinforcement bars are one of the non-corrosive alternatives to the 
traditional steel rebars. The GFRP rebar industry is, to-date, very broad, where manufacturers produce 
rebars with very different surface textures to enhance the bond between the rebars and the concrete. 
This study focuses on the analysis of the bond properties between GFRP rebars and concrete under 
corrosive environments, such as costal zones in Florida, in order to evaluate the deterioration of this 
mechanical property. To simulate these conditions, the bond samples were submerged in sea-water tanks 
at different temperatures (30, 40 and 60 ºC) and two exposure periods (60 and 120 days) were analyzed. 
In the scope of the project, three different types of rebars (with different surface enhancements) were 
tested. 
The preliminary results of these bond tests, following the American standard ACI440-3R (B.3), show 
that no major degradation of the bond properties after the exposure has occurred. 
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ABSTRACT 
 
Raw earth has been used as a building material for centuries, resulting in a significant and 
worldwide spread built heritage, among which rammed earth is one of the most common building 
techniques. Nevertheless, the existence of this heritage is continuously endangered by the 
occurrence of earthquakes, even by those with relatively moderate intensity, as earthen structures 
are acknowledged by their high seismic vulnerability. Thus, the protection of this heritage and of 
the respective inhabitants requires adopting seismic strengthening solutions that are simultaneously 
efficient and compatible with the original materials. The seismic strengthening of rammed earth 
walls with textile reinforced mortars (TRMs) is a solution being recently investigated within this 
framework. The pursuing for fulfilling compatibility requirements led to the incorporation of earth 
based mortars and low-cost strengthening meshes in the proposed solutions. The fact is that the role 
of the mortar in this strengthening solution is yet insufficiently investigated, namely with respect 
to the shrinkage and bond behaviours. 
An experimental program was carried out to better comprehend the bond and shrinkage behaviour 
of mortars applied in TRM strengthening for rammed earth walls. The characterisation of the bond 
and linear shrinkage of different mortars was investigated by means of pull-off and Alcock’s tests, 
respectively. In addition, the influence of the rammed earth support on the shrinkage behaviour of 
the earth mortar was also investigated by monitoring its drying with digital image correlation (DIC) 
after application. As conclusions, it can be referred that the clay content of earth mortars must be 
controlled to minimize shrinkage and that the shrinkage of earth mortar coatings is a very fast 
process. Furthermore, the selected earth based mortar was shown to achieve similar adhesion 
performance to that of stabilised earth mortars or of stronger cement based mortars. 
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ABSTRACT 
 
An experimental study on externally bonded FRP (fiber reinforced polymer) laminates bonded to 
masonry structures subjected to out of plane bending and axial load has been carried out. This technique, 
well known and widespread for strengthening reinforced concrete elements, can be effective as a 
structural reinforcement of masonry, due to the poor capacity of this material to resist tensile forces, 
which makes them vulnerable when they are subjected to accidental destabilizing actions. 
Strengthening masonry with “FRP” materials may be interesting mainly in the event of damage due to 
exceptional events (such as earthquakes), damage occurring with time in the life of a building (such as 
differential soil settlement) or in the event of an increase in live loads. 
This work presents the main results of an experimental campaign carried out on nine solid brick masonry 
specimens reinforced with different type and amount of carbon FRP. The specimens were tested 
subjected to out of plane bending and compression. 
The obtained results differ in part from those documented in experimental tests carried out by other 
authors, which pure flexion tests were predominated, and show that the compression level supported by 
the wall is a key factor in the behavior and ultimate strength capacity of the strengthened masonry walls. 
It is also verified that it is possible to obtain remarkable increases in out of plane bending capacity of 
walls using this reinforcement technique. The flexible formats (not preimpregnated sheets) result very 
interesting and allow a better adaptation to the irregular masonry surface. 
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ABSTRACT 
 
Carbon fibre reinforced polymers (CFRPs) are being increasingly used in the last years in civil 
engineering applications. This innovative material is attractive due to its high strength, light weight and 
good resistance to corrosion. The use of adhesively-bonded CFRP laminates is a very promising 
technique to strengthen steel structures that have deteriorated due to corrosion, ageing or increasing 
loads. One of the most critical issues in this strengthening strategy is the adhesive layer placed between 
CFRP and steel and its interfaces with the materials joined (CFRP and steel). To study the bond 
behaviour between CFRP laminates and steel plates in such strengthened structures, a series of tests has 
been carried out in double-strap joints under tensile loading, evaluating the effects of different steel 
surface preparation and different bond lengths on joint strength and failure mode. Based on the 
experimental results, some parameters of an analytical model used to predict the bond strength of 
double-strap joints have been adjusted. Also, numerical models with finite elements have been calibrated 
from the results of these tests. The combination of the experimental, analytical and numerical evaluation 
of the behaviour of the bond in CFRP-steel double-strap joints can be a good tool for the design of CFRP 
strengthening strategies for steel structures. 
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ABSTRACT 
 
The restoration of the portico of St. Francis was an example of active collaboration between different 
public institutions. Concerted actions have been developed on the cheap that, in respect of the 
architectural-historical-artistic values recognized to the monument, have allowed its conservation and 
enhancement. This has all been possible thanks  to the various private sponsors who have  contributed 
to the restoration of the monument. A model has been put into to rationalize public spending in the field 
of culture. Also it was an important training moment for the students of the School of Conservation and 
Restoration; in fact, through on site training, they were able to learn and put into practice the methods 
and techniques underlying the interventions. The restoration project was developed within the Master 
in Instruments and Methodologies for Cultural Heritage Conservation and Valorization of the 
University of Urbino Carlo Bo in collaboration with the School of Specialization in Architectural 
Heritage and Landscape - University of Rome Sapienza and with ICCROM. The restoration of the 
portico of the Church of St. Francis was an opportunity to implement a design of and for the restoration 
of well - defined historical - critical tracks. Intentionalities have been predominantly conservative and 
respect for material authenticity has been assumed as a starting point. The design choices have respected 
the criteria and principles invoked in the science of restoration. Thanks to the use of GIS systems and 
3D digital systems, further and possible reintegration interventions of some missing parts of the 
monument to be realized in the immediate future are occurring. With a view to pursuing a greater 
awareness of cultural heritage by those who are not professionals, a multimedia project is being 
developed that is able to communicate to the public the important work carried out to date. 
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ABSTRACT 
 
In Spain, a current of performance has begun in places for industry for a few decades. Through 
expanding and rehabilitations the changes of uses. In the province of Badajoz rehabilitation of industrial  
buildings have been carried out which have been promoted mainly by Culture Council of Government 
of Extremadura, through the Works and Projects Service, with good results in general, which is usually 
accompanied of a change of the use of the buildings among which museums, libraries, youth leisure, 
accommodation, etc., also following the recommendations of the National Industrial Heritage Plan of 
the Culture Ministry. 
Some interventions have been selected in the way of the most significant examples in the province of 
Badajoz, boarding the most productive own sectors, which are characterized by the agri-food industry, 
markets and public infrastructures. When dealing with architectural interventions, the actions on these 
buildings and the projectual value of the before said works and its cultural impact are also valued. 
So that a methodology of intervention with changes of the use of industrial heritage is presented, which 
is based on the acquisition of some diagnostic filing cards of the buildings, where details of its material 
and urban environment and describing, detecting constructive and compositional elements which 
configure them. The study is completed with graphic historical information and the analysis of plans 
and old photographs with the rehabilitation projects, comparing the reformed current and visualizing the 
new solutions or the restorations of the restorations of existing elements. 
The rehabilitation of industrial architectures has a character of safeguard of the patrimony, reason why 
it is necessary a study of the new use of the building that conserves the values of industrial heritage. 
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ABSTRACT 
 
The Industrial-Agrarian Heritage in the Extremadura landscape is based on whole of buildings full of 
meaning and architectural values, which are in a precarious situation due to, in the absence of a viable 
use, they are being abandoned until their slow disappearance. The collective conscience for the 
protection of the environment, differs from the impunity that exists for the environmental impact created 
by these obsolete buildings. Our aims to give alternatives to the agricultural model of the 20th century 
under the concept of “Recycling”, a term that indicates the volition to modify the building use in a new 
reality, furthermore, searching new uses because they are not practical nowadays and they have become 
obsolete or amortized. Recycling is, undoubtedly, a sustainability strategy because it reduces the 
architecture impact in our environment by seeking the reuse of existing infrastructure and keeping the 
natural territories. Considering recycling over demolition leads us to minimize the "footprint" of 
architecture. By means of the study and analysis of the different variables to be taken into account for 
its cataloging and subsequent action as recyclable architecture, the concrete indicators of this type of 
buildings are established, in order to indicate the guidelines to protect the native heritage with useful 
constructions that enhance the regeneration of the site and do not increase the built heritage. 
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ABSTRACT 
 
The work in research is motivated by the need for a debate on the conservation of patrimonial assets and 
the development of the city itself; a debate on how to re-value buildings that have been marginalized for 
a long time and that nevertheless, were really important in the past, relating itself to the city in a balanced 
manor. 
The project focuses on an old construction of an industrial character from the early nineteenth century 
in Málaga that was used as a repair shop for locomotives. The current image of the building is the result 
of the pressure it has suffered from the urban developments in the area, highlighting the construction of 
the new high-speed station and the subway, this last action forced the dismantling of a bay and a half of 
itself. 
A methodology is being worked with to put in value the current ruin in relation to the environment and 
to return the splendour of the element as an articulating urban element. In addition, the necessary 
construction techniques are proposed to conserve and consolidate the current building. 
To do this, we carry out a historical investigation by studying graphic documentation that allows us to 
understand the building in its origins. Next, we work on case studies presented in the history of 
restoration, highlighting examples such as the actions carried out in the Colosseum in Rome by Stern 
and Valadier or the interventions "case by case" by Annoni. 
Finally, we propose an intervention to search the unit of style, with three objectives, that we maintain 
the drama present in the building, that it allows us to know how the building was in its origins and that 
it provides the necessary flexibility to it for the coexistence of the future uses with a city of opportunities. 
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ABSTRACT 
 
The train station Ipê-Açu, located in the city of Vargem Alta/ES - Brasil, situated on the highest point 
of the Linha do Litoral, is found in a state of abandonment and degradation, due to, in the biggest part, 
the action of the weather, vandals and the passing of time. Taking into account the industrial architecture, 
the patrimonial letters and the restaurantion theoreticals, Reigl and Brandi, with emphasis in the values 
of instrumental and novelty and on the esthetical and historical instances, in addition to interviews with 
local residents, visits to the place and researchs with the responsable groups. This paper proposes the 
realization of the project that aims to repair the building with the least posible amount of intervention, 
changing the use into a museum of the train station and the station, with a coffee shop attached. Aiming 
to contribute to the divulgation and permanence of the industrial patrimony of the region and to boost 
the use of the place with the opeening of a colonial coffee shop able to attract a diversified group of 
people to the Station.  
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ABSTRACT 
 
Valparaíso, declared a World Heritage Site in 2003 by UNESCO and recognized as the Historic Area 
of the City of Valparaíso Port, which implies that it is a CULTURAL PROPERTY that, in terms of the 
World Heritage Convention, corresponds to a set of buildings, within a developing city. 
The nomination distinguishes a city whose essential character is given by two interrelated factors. On 
the one hand, being the main Port of the Southern Cone in the late nineteenth and early twentieth 
centuries and the second factor for its architecture, urbanism and infrastructure, factors that are 
expressed both in architectural styles and in urban forms, construction methods and means of urban 
transport, among them the ELEVATORS declared Historical Monuments within the Chilean National 
legislation. 
This seal of the nineteenth century responds to the condition of a city with a great legacy of the industrial 
age and early GLOBALIZATION, with its commercial exchanges and technological advances. On the 
other hand, the stamp that gives its peculiar geography and topography, which imposed exceptionally 
strong conditions for its development, which its inhabitants knew how to assume with great creativity, 
marks the character of the city.Both seals - geographic and historical Heritage. They were combined 
operating together to create a unique city, which given its historical evolution has preserved its 
AUTHENTICITY and INTEGRITY.  Therefore, the importance of the construction of the elevators that 
made possible the displacement between plan  and hill, managing to respond the  peculiarity that 
Valparaíso has today. 
Currently the elevators are part of the INDUSTRIAL HERITAGE of Chile and are an integral part of 
the urban history of the city, so its value is the revitalization of the neighborhood in which they are 
inserted. 
Valparaíso had 32 elevators in operation at the beginning of the 20th century. It currently has 15 
elevators  of centennial data, some operational and others in restoration and is the only city in the world, 
in which this transportation system is fully valid and is essential for the movement of its inhabitants. 
This originates in the application of the technological advances of the industrial age, in the eagerness of 
progress of its inhabitants and in the applied creativity to solve the problems imposed by the 
geographical environment and the quality of life of its inhabitants. 
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ABSTRACT 
 
Medieval dockyards, belonging to an architectonic typology of Mediterranean harbour cities, even if 
morphologically similar, present specifical peculiarities regarding the materials and the traditional 
construction techniques of the places where they were built. The structural system, generally articulated 
by rows of pillars connected each other with arches, repeats the same composition principles of a 
religious system. The substantial differences that distinguish Christian buildings from naval industries 
are primarily concerned with the absence of a decorative apparatus, and then the number of aisles settled 
according to the needs of the port, unlike the places of worship where there is a central aisle flanked on 
both sides by two or four lower ones (basilical plant with three or five naves). Although Mediterranean 
ports, both maritime and riverine, are numerous, the number of arsenals is far lesser than that of 
churches, and therefore the study of these industrial architectures is restricted to relatively few 
specimens, which require a cognitive analysis of specific and accurate construction techniques. For this 
reason, a research process focused on comparative analysis of these buildings has been carried out to 
delineate the distinctive features of the constructive elements and the materials used in order to record, 
preserve and/or recover these emplacements. In the first phase of this process, the Spanish arsenals of 
Barcelona, Seville and Valencia have been analyzed through new photogrammetric survey technologies 
with the aim of delineating geometries, both on a planimetric and a detailed scale, to stress the affinities 
as well as the discrepancies between these structural plants, which in the next research phase will be 
compared with the Italian ones to expand the study of these architectures that played a key role within 
the Mediterranean. 
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ABSTRACT 
 
The preservation of the historical and archaeological heritage depends strongly on the ability to operate 
an architectural and urban development that is useful for making a connection between past and future.  
The lack of effectiveness of safeguard policies and the difficulty of tackling the issue of reuse often 
depend on the lack of cooperation between the various disciplines involved in the project. 
The present essay aims to develop a critical reflection on the design approach adopted in a building 
restoration project, implemented in the oldest urban context of the city of Porto, focusing attention on 
the recognition of the value of the underlying archaeological site. 
The project of rehabilitation of the ancient building affirms the value of architecture as essential tool to 
introduce the contemporary values in the urban contest and, at the same time, for consolidating, 
enhancing, of what has been inherited. The project is configured as an act, at the same time, critical and 
creative, strongly related to the theme of history and of transformations of the specific context.  
The building, in effect, is conceived as a true functional device to the knowledge of the place whose 
value is identified in its historical stratification.  
The analysis of the transformation events and of the physical and symbolic relationships with the 
existing, has  conducted to the definition of contents for an action of rehabilitation that reaffirms values 
essential for the collective memory and urban identity. 
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ABSTRACT 
 
The refined use of building materials, especially in the case of steel, is one of the Catalan Modernism 
most representative features. Another very important feature is that buildings constructed in this period 
usually help to the better understanding of the structural system that bears the loads. At that time, steel 
was more expensive than Manpower. For this reason, architects needed to design innovative and 
sustainable structures that have nowadays been lost. 
The reduction of steel quantity was the main challenge for former structural engineers during the 
structural design. In contrast with the current situation, manpower cost was, by far, under the cost of 
construction materials.  
As a consequence, in comparison, much more time was spent in thinking the solution thoroughly. The 
result were structures that clearly showed its structural behaviour. It is the case of structures that were 
designed at the beginning of XXth century, that show in their structural layouts how the material is 
accumulated in the areas with bigger forces. 
The objective of this work is to analyse the structure typology designed to cover the railway and platform 
zones from the Estació del Nord in Barcelona. The use of two different kind of Polonceau trusses joined 
together results in the increase of structural safety and in a significant material saving compared to the 
indiscriminate utilization of identical isostatic trusses that is used nowadays in similar situations. This 
way, we would obtain more sustainable structures. 
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ABSTRACT 
 
As a result of a apartment building routine inspection carried out in 2014, in Ourense city (Spain), a 
severe structural damage was detected affecting the back facade, built in 1955 with supportive brick 
wall.  
Based on this problem, a technical judgment was drawn up which identified the cause and extreme 
severity of the problem. As a result, the property was evicted along with an emergency propping project 
in rolled steel structure. 
The design projected in it was based on a unique candle substructure, adapted to the damage facade, 
which was reconverted to mixed main structure, in steel and concrete, in the later phase of structural 
consolidation. 
In addition, given the dificult circumstances of the interior court and the time restrictions of any 
emergency intervention, it became a very unique execution and of considerable complexity. 
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ABSTRACT 
 
The Eusebio da Guarda Institute is a very remarkable eclectic style building located in the center of A 
Coruña. It was the first secondary study center in the city and was built in 1889 thanks to the funding of 
the philanthropist Eusebio da Guarda. In addition to its architectural values, it is a historically significant 
building, because it was the School of Arts and Picasso studied it during his stay in A Coruña. 
From the structural point of view, the most remarkable feature is the roof structure, made up of trusses 
of pine wood (pino tea) from Cuba, with a very unique layout. It is a very high quality wood, but the 
union with the masonry walls was very poor, so in January 2016 strong decays were detected in the 
heads of the trusses and in the timber lintels of the upper floor windows. Strong attacks by xylophagous 
insects, such as termites, were also observed. 
Being a school building of great occupation, the Department of Education of the Xunta de Galicia 
decided to carry out an urgent intervention. It consisted in the total replacement of damaged parts, for 
which a complete diagnosis was made of them. The repair was carried out from May to September 2016. 
The paper analyzes the whole process followed, both in the diagnosis and in the reinforcement. The 
history of the building will also be briefly explained to help us understand the reasons for the pathology 
observed and the structural analysis of the affected elements. Finally, the specific actions that have been 
taken to solve the problem will be described. 
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ABSTRACT 
 
The Portuguese built up area presents an advanced stage of degradation, mainly in the older buildings 
in the historic cities’ centers, this creates an increasing need to intervene to solve the situation.  
Throughout this built up area, it is posible to identify constructive periods that kept up the 
implementation of different trends and technological evolutions, defining distinct strategies for the 
intervention. The 60’s deserve some emphasis in Portugal because it is composed by a significant group 
of buildings with reinforced concrete structure, with no preoccupations from the thermic behavior point 
of view until the 90’s, that nowadays are inhabited mainly by elder people, most times, living alone. In 
this work, a study case about a multi-family building from the 60’s located in the city of Covilhã is 
presented. This work consists in two main stages: the technical inspection of the building 
(complemented with some measurements on site) and the setting of intervention proposals according to 
the detected weaknesses. Not being systematic or obligatory, the inspections should be performed after 
the recognition of the need for repair. In a first stage, it was created an analysis methodology that 
includes the creation and implementation of a technical inspection registration form and the execution 
of surveys to the residents to know the terms of occupation, sensibility, and intervention expectations. 
According with the visual inspection and the gathering of the residents’ opinion, it was possible to get 
information about its building elements, facilities, accessibility, state of conservation and data about use 
and occupation.  
In the course of the inspection work, it was possible to take essential considerations to propose 
intervention solutions. The proposals to improve were studied, predicting the implementation of a 
solutions, always with the concern of creating better accessibility, use and comfort conditions. 
The methodology and analysis used, the main obtained data and the proposals for intervention of 
rehabilitation are presented in this article.  
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ABSTRACT 
 
A sloping roof whose structure is made of a several reinforced concrete sheets, arches and struts, is 
needed to be refurbished and properly waterproofed due to its poor building: the roof is leaking and the 
reinforced concrete structure is being damaged (some rust in frame, some cracks in concrete, etc.). 
Bearing in mind the complex, outstanding external curved surfaces of the roof structure, which can be 
clearly seen from the surrounding buildings, a Liquid Applied Roof Waterproofing Kit (LARWK) is 
first chosen for the refurbishing design draft, instead of waterproofing membrane kit (bitumen, PVC-P, 
rubber, etc.): these membranes need to be cut up to adjust the surfaces -curved sheets, arches and struts 
edges, corners, etc- and all the overlaps between membranes should be watertight sealed; the more cuts 
and overlaps you have, the more likely leaks are to occur. Besides, the new waterproofing system should 
look like the original white finishing roof coat. 
A detailed study of the roof surfaces -as a waterproofing system background- was made: they were 
coarse and irregular. Due to this, in the end a waterproofing PVC-P membrane system is chosen instead 
of a LARWK one for the refurbishing design. This decision was taken in order to not increase the budget 
nor the construction time period: to properly apply a LARWK, flat, solid, dry surfaces are needed; if 
not, they should be previously make ready, usually by using concrete mortar layers that have to be dry 
before LARWK applying. By contrast, PVC-P waterproofing membranes can be directly screwed on 
the current surfaces, placing a textile fabric among the membranes and the background for further 
protection. 
By choosing light grey PVC-P membranes and carefully cutting them up, the final look of the 
refurbishing works is considered satisfactory. 
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ABSTRACT 
 
The preservation and refurbishment of the industrial heritage plays a fundamental aspect in terms 
of improving the energy performance, but also in terms of comfort and healthiness of working 
environments, that often prove to be very lacking in this regard. In this framework, the paper 
describes and analyses the reclamation and redevelopment of the roofs of one of the largest 
productive-industrial sites in the town of Canale (Italy). The case study is made up of a series of 
adjacent buildings, many of which built in different periods, to a total area of over 20,000 sq. m. 
This particular situation, that is the simultaneous presence of many different types of roofing, most 
of which characterized by the presence of elements containing asbestos, resulted in a considerable 
level of deepening and detail in the design phase. Moreover, the need to maintain the production 
lines of the plant without any operational interruption during the refurbishment phases has led to a 
strong engineering and optimization of the planned operations, so as to minimize their impact on 
the production activities. The paper, after describing the production site initial situation, analyses 
and deepens in detail the design and the construction site optimization issues, as well as the 
technological and operational solutions adopted both to improve the indoor environmental 
conditions (thermal and lightning comfort) and to minimize the interference with the production 
activities, highlighting how such solutions could be used as guidelines in case of similar 
refurbishment interventions. 
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ABSTRACT 
 
The need to intervene on existing building heritage, which is characterized by en-ergy efficiency, 
seismic safety, inclusiveness, living comfort and use that is inade-quate to current needs, is one of the 
most commonly used themes. Indeed it is imperative to make this heritage more enjoyable, safe and 
functional. In this con-text, the restoration and upgrading of the buildings of the former Peroni Beer 
Plant in Rome by G. Giovannoni (1909-1913), carried out in collaboration with arch. A.M. Racheli, 
Arch. M.C. Bodini and Ing. Antonio Maria Michetti, who has been involved in the consolidation project. 
This intervention, which took place be-tween 1989 and 1992, concerns in particular two of the three lots 
in which the plant is subdivided and tries to combine the technical and performance choices with the 
need to protect and enhance the architectural specificities. The aim was to return to this complex the 
urban role and the functionality that had once giving a contribution to the redevelopment of the 
surrounding area. 
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ABSTRACT 
 
The historical bridges related to the droving routes network constitute a very important historical 
heritage, with a relevant role in both the agricultural and cattle activities in rural Spain. 
From the 1950s on, the introduction of technological changes in the farming activities as well as the 
improvements applied to the transport industry rendered the traditional routes obsolete. These routes 
where therefore abandoned, inevitably starting its deterioration. 
However, this infrastructure possesses a great heritage value, since not only reflect the inheritance of 
the construction and production techniques slowly evolving since the Middle Ages within the popular 
culture, but they also constitute unique examples of great construction and design quality that deserves 
being preserved. 
The Office of Historical Heritage and Cultural Equipment (Works and Projects Service) belonging to 
the Culture Secretary’s Office, in collaboration with the Droving Routes Section of the Rural 
Development Office of the Government of Extremadura, have been developing a number of 
interventions in bridges related to the Droving Routes Network in the province of Cáceres in order to 
recover its unique heritage value as well as facilitating cultural and tourist opportunities with the support 
of the eco-routes in which these historical routes have become. 
In this paper we present the methodology of such interventions, from the selection of the bridge within 
the Droving Routes Network, to the identification of its pathologies and the intervention techniques until 
the rehabilitation is concluded. The interventions will be included in a catalogue –Historical Bridges in 
the Droving Routes Network of the Province of Cáceres– as a means of supporting cultural and eco-
tourism. 
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ABSTRACT 
 
The emergency actions of cultural heritage in the earthquake of Lorca on 11th May 2011 were a 
challenge in the response to this catastrophe due to the necessary immediacy and coordinated 
management between the Local, Autonomous and State Administrations, together with the Bishopric of 
Cartagena, in the inspection of cultural property and subsequent intervention of structural funding and 
consolidation. 
In the emergency phase, damage assessment was carried out as a priority on cultural property, continuing 
with the properties listed for their cultural relevance, in accordance with the Catalog of the Special Plan 
for the Protection of the Historic Area of Lorca (PEPRI). Equally, cultural property had priority, which 
without cultural protection had cultural values because of their uniqueness and representativeness. 
It analyzes the management of times of intervention for building through schedules as well as the 
quantification of economic resources that made it possible for such emergencies of cultural heritage to 
be developed and justified before the Government of the Nation in the 4 months following the seismic 
event. The graph shows the evolution and degree of execution of the state investment in building and a 
significant number of movable assets located in the historical centre of Lorca. It also analyzes and 
synthesizes the administrative procedure necessary for the correct definition of emergency actions, 
urgent contracting of works, expenditure control and justification within the applicable legal framework. 
From this analysis we obtain conclusions about the process that allow to establish future lines of work 
of optimization in the management of cultural heritage protection in the emergency phase by seismic 
risk, to design a methodology of evaluation of damages and to establish a prioritization of actions on 
goods cultural interest furniture and building in any of its categories. 
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ABSTRACT 
 
This paper analyses the process of replacing two columns that were seriously damaged in the “Sala de 
los Pasos Perdidos” of the Parliament of the Balearic Islands. After the replacement of these two 
columns, cracks appeared in the upper part of one of the adjacent columns, although this action had been 
carried out following the most usual and recommended guidelines for this type of intervention. Faced 
with the risk of a "domino effect", which would oblige to gradually replace all the columns of the set, it 
is decided to carry out a detailed study based on a numerical analysis using a Finite Element model. This 
model allows to reproduce the overall behavior of the “Marés” stone structure and material in order to 
understand its previous behavior and to anticipate its response in the future with the aim of devising a 
suitable replacement strategy for the affected columns. This finite element model allows to study the 
sensitivity to different variables, especially in relation to the vertical displacement of the lintels 
supported by these groups of columns, as well as to determine how the load distributions are altered as 
a function of these displacements, which inevitably are necessary for the entrance in charge of the whole 
colonnade. The results obtained allow to develop a retrofitting strategy to replace four adjacent columns, 
by the use of hydraulic jacks and with the aim of shoring up the whole colonnade and of disconnecting 
the columns, by controlling that the displacements are similar to those obtained in previous analyses. 
Finally, the construction process has been documented and shows the effectiveness of the proposed 
strategy. 
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ABSTRACT 
 
The bridge over the Asón estuary at Treto, is located in kilometer point (KP) 173,800 of the N-634 
road, formerly known also E-70, in the North of Spain, and has been continuously inspected and 
studied in recent years because of its bad general condition and its importance in the regional 
transportation network road. This bridge presented significant problems and the structural condition 
level was critical previously to its intervention in 2015. The rehabilitation project included the 
restoration of the structural and functional safety level of the structure was deled after material 
studies and tests were performed. The new updated of the structure from the old nineteenth centuries 
to the new standard codes was also performed. 
The structural non-uniformity of the bridge and the heterogeneity of the materials conditioned a 
rehabilitation clearly differentiated by the typology of the units and materials. This differentiated 
rehabilitation required the development of very specific works in an extremely worthy environment. 
Some innovative actions to mitigate the different sources of risks during the works on site are also 
explained. One of the most singular mitigation actions was the placement of a movable scaffold wearing 
an ad hoc encapsulation system in order to comply with the condition of no discharge to the Asón estuary 
of any sand blasting treatment for the cleaning of the rust on the entire steel surface of the metal 
elements. 
A part from the “green” and safe-security aspects, the intervention took into account all the social 
requirements of the population in the area who recovered the pride in this emblematic and centenarian 
infrastructure and it is, itself, a successful intervention from the resilient point of view. 
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ABSTRACT 
 
The Roman Theatre of Cadiz was built in the century I b.C. It is the oldest Roman theatre in Spain 
and one of the biggest ones: its diameter is approximately 120 m and 10000 viewers could be 
accommodated inside it. The theatre of Cadiz had been buried for years under ‘El Pópulo’ district. 
‘El Pópulo’ is the seminal area of Cadiz and one of the oldest neighbourhoods in Europe. It was 
founded by the king Alfonso X in the century XIII and encloses many listed buildings with historical 
interest.  
The theatre was discovered in 1980 by chance. Many archaeological excavations have undug part 
of the theatre by demolishing uninteresting buildings. The fact that a biggest area of the cavea and 
the complete scaena are hidden under some heritage buildings arose the dilemma of recovering the 
Roman remains of the city maintaining the medieval constructions. To this end, a new vaulted space 
was designed under the ground floor of the heritage buildings using the grouted umbrellas 
technique. This space will allow maintaining both stratum of the history of the city of Cadiz in the 
same place. 
The description of the creation of the vaults under the buildings, as well as its assessment, are the 
mail goal of this paper. 
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ABSTRACT 
 
The theory of restoration applied to interventions to built heritages does not always occur consistently, 
often due to political or economic pressures, implying arbitrary actions. In scenarios such as mega-
events, these interferences in intervention practices are more frequent, impacting patrimony 
preservation. The purpose of this study is to reflect on the appropriation of restoration theory in the 
practice of heritage intervention in the context of the 2016 Olympic Games in the city of Rio de Janeiro. 
The case of the Intervention Project and the subsequent works on the Train Square set, an industrial 
patrimony representative of one of the most important complexes of the railway sector in Latin America, 
will be used. The correlation between theory and practice in the study is made through the analysis of 
projected and conducted interventions, based on the verification of the theoretical basis and its coherence 
with restoration and rehabilitation concepts, focused particularly on the dynamics of the city's suitability 
for mega events. The results reinforce that the rehabilitation operation at the patrimony does not dispense 
technical actions, which are usually understood as being exclusive to the restoration. In addition, 
restorative interventions are not exempt from a creative and new character, which are normally seen as 
inherent to rehabilitation. 
This work intends to emphasize that, even though it is undeniable that the rehabilitation of the Brazilian 
heritage is pressed by economic issues, and that, in the context of mega events, this topic can gain a 
larger scale than the pressures that the Cultural Heritage Industry normally operates with, the 
intervention of rehabilitation in cultural heritage must be a critical, creative, technical and action 
coherent with the theoretical reference. A key condition for this is the sensitivity of the agents involved 
in preserving memory. 
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ABSTRACT 
 
This paper describes the works entitled ‘Replacement of neoprene bearing pads under both carriageways 
in the Arcos de Aconétar viaducts over the River Tagus, Motorway A-66, KP 519 +700, Province of 
Cáceres’. These twin steel arch viaducts, with a span of 220 m and a rise of 42.5 m, carry composite 
steel and concrete decks 400 m long and 13.50 m wide. 
A number of inspections and instrumental readings detected anomalies in the bearings: dislocation (due 
to stake-out errors and creep), deformation (longitudinal and transverse warping), detachment or 
disengagement and cracking or fracture. 
After studying the technical alternatives, 42 550x650x137 mm hooped neoprene bearings were replaced: 
32 on steel piers over the arch, eight on concrete piers at the arch springline and two on one of the 
approach piers. 
The neoprene pads were sandwiched horizontally on top and bottom between horizontal steel plates, in 
turn positioned under or over other plates in contact with the non-horizontal structure. The wedge-
shaped gap between the two non-parallel steel elements was then filled with epoxy resin and vacuum-
injected steel balls, forming a shim with which to level and secure the bearings. 
To perform the works, the deck was hoisted pier by pier with 1000 kN hydraulic jacks and computer-
synchronised hoisting kit, with lift point monitoring and measuring of both loads and travel. Two mobile, 
C-shaped structures were specifically designed and built to ensure safe access, working conditions and 
material supply on the pierhead platforms. 
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ABSTRACT 
 
The text focuses on the renovation of an important work of seaside architecture designed by the 
architect Attilio Lapadula, with the fundamental collaboration of the engineer Pier Luigi Nervi. The 
project is situated in Ostia, a town on the coast of the city of Rome. The interventions were made 
to a project that, while difficult to consider a true “modern monument”, nonetheless played a central 
role in the evolution of construction and architecture. In any case, it represents an example, albeit 
modest, of the combination between experiments with technologies-construction and the progress 
of form that defined Italian construction over the course of the twentieth century. 
The primary objective of the text is to present the architectural project by the young Lapadula, and 
the singular construction technologies invented by Nervi for the construction of the central pavilion 
and the famous diving tower (1949-50). Technologies that range from structural prefabrication to 
the use of ferrocement, whose absolute originality belong to the experiments initiated by the 
engineer back in the 1930s, and applied to many projects over the years that followed. 
The text then moves on to analyse the restoration of the bathing establishment (2014), necessary to 
halt the advanced deterioration of the structure and adapt it to new economic objectives aimed at 
increasing its potentialities and attracting a new group of users accustomed to more complete 
services distributed throughout the course of the day. 
The history of the Kursaal, from its inauguration to the present, also highlights the diverse periods 
of modern architectural restoration in Italy. What is more, it testifies to the birth, albeit late, of a 
cultural awareness of the values of evolution in the field of building technologies. 
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ABSTRACT 
 
The city generates itself by super scribing its architecture trough the overtime  will of its inhabitants. 
The place remains, transforms, contracts, expands. Over the city discourse we can find continuity 
weaves  that follows the forms of preceding times or those which recovery the customs  or new languages 
that propound new voices for impelling the future. 
The exercise propose to preserve the time trace generated during centuries in the  plot registration, 
amplifying its meaning to encircle the new volume, and for this reason it is propound an use and an 
action for rehabilitating the architecture and place it in its moment. 
The space is manifest, defined by an existing historic form integrated in the city; the intervention must 
be subtle, sanitating the architecture to prepare blank spaces to continue the architectural discourse that 
allows the actual reading, intermediate spaces where the city expands before giving course to the new 
volume. It is wanted to preserve the buildings surroundings for bringing them into use and value.  
The intervention propounds the recuperation and restitution of the membrane of the external historic 
facade that becomes a container of the new formulated edification volume. The facade is preserved up 
to the cornice line maintaining the existing hollows, recovering carpentries and constructive elements 
such  as lattices.  
This strategy definitely reaches the conservation and preservation of the historical trace of plots which 
are one of the priorities for the intervention in Toledo’s historical center. New architecture will be 
inserted “within the limits” conformed by facades. The arrangement of the new volume leaned against 
the facades of Samuel Leví and the San Juan de Dios´ alley allows to create an interstices space between 
this and the facades in contact with de Transito´s Synagogue (Sefardi Museum). The volume is arranged 
in such a way for not interposing between the visuals of the street travelers and the notable buildings of 
this city environment: Tránsito´s Synagogue (Sefardi Museum), Maternity Building and Greco Museum. 
Furthermore the intervention reaches the preservation, recuperation and restoring of the ornamental and 
constructive elements, that are characteristics and singulars, integrating all of them in the new building. 
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ABSTRACT 
 
This study demonstrates the effectiveness of the MYXOSTONE M3P bio-consolidation treatment 
applied on the weathered marble of the columns of the Lions Courtyard of the Alhambra in Granada 
(Spain). The Lions courtyard is one of the most magnificent examples of the Nasrid dynasty and it 
is formed by galleries supported by 124 columns made of marble from Macael (Almeria, Spain). 
White marble from Macael has always been considered one of the most beautiful stones, for its 
colour and brightness, but it shows low durability towards thermal variations. The columns of the 
Lions Courtyard facing South are indeed extremely deteriorated, being scaling, swelling and 
material loss the most common deterioration patterns observed. Application of the MYXOSTONE 
M3P by means of poultice or spraying has shown to generate a tough bacterial cement of calcium 
carbonates nanoparticles embedded in bacterial exopolymeric substances that provides protection 
towards further weathering. This study also shows that the carbonatogenic activity of bacteria is 
still possible in low porous stones that present deterioration by-products such as gypsum, as well as 
surface deposits of clay minerals and previous (non-effective) alkoxysilane treatments. 
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ABSTRACT 
 
This is a case history of bearing capacity failure of a 4 story in-situ reinforced concrete building, 
constructed in 2000 and located in Benghazi – Libya. The building is of total plan area 65 m2, supported 
on 80 cm thick raft foundation and of total weight 6300 kN. The building is resting on a profile of sandy 
loess classified in the literature as collapsible soil due to the large decrease in its shear strength 
characteristics upon wetting. The layer extends for more than 6 m below the foundation level, a typical 
lithological profile of this area in Benghazi city. 
Few months before the building sudden failure, a local company started the construction of infrastructure 
near the building where too much water leaked from a broken pipe line. Tested soil samples extracted 
from nearby excavated test pits indicate that water infiltrated to the soil underneath building foundation, 
resulting in substantial decrease in soil bearing capacity particularly in the north side of the building. 
Although, the structure tilted completely towards the north direction, inspection of its structural elements 
indicates that none of them yielded any pattern of cracks, due to the rigidity of its raft foundation and 
reinforced concrete facade shear walls of the ground floor. 
The paper includes description of the building and geotechnical properties of the supporting soil. The 
paper also shows that the induced bearing pressure on the supporting soil estimated by finite element 
analysis exceeded the allowable bearing capacity of the supporting soil in wet conditions as estimated 
by conventional Terzaghi's bearing capacity equation. 
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ABSTRACT 
 
On January 25, 2016 there was an earthquake of magnitude 6.3 on the Richter scale with 
epicenter in the Alboran Sea that caused some damage in Melilla. 
The intensity assigned to the autonomous city was VI according to the information provided by 
the National Geographic Institute, so the structural damage caused was generally mild. 
Inspections carried out after the earthquake showed a typology of damages in the buildings of 
the so-called "modernist triangle" (current neighborhood Heroes de España): these were cracks 
of different kinds on staircases formed by thin-shelled masonry vaults (“catalonian” or 
“timbrel” vaults). 
Although in most cases these cracks were inherent to their own structural configuration, in some 
buildings they could grow as a consequence of the earthquake, which required the analysis of 
these elements. 
In the paper these aspects are analyzed with a general character from the analysis of some 
particular cases, in order to determine the actions that were judged as more appropriate in this 
kind of staircases with damages as observed. 
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ABSTRACT 
 
Buildings are designed to meet the needs of its users for a long time. However, it is natural that they 
wear out through their lifetime. Building maintenance is inserted into this context as a tool to maintain 
functionality and habitability ensuring the safety and comfort for users. In the public sector, maintenance 
activities are directly affected by the shortage of financial resources and workforce as well as the barriers 
imposed by excessive bureaucratization for the acquisition of materials and hiring staff and bidding 
processes, which value the lowest price more than quality. Given the above, this work aims to present a 
diagnosis of building maintenance processes in an institution managed by the government through a 
case study. As methodology, data was collected through interviews, the activities were characterized 
and a database of the institution maintenance requests was analyzed. As a conclusion of this diagnosis, 
it was found that the average rate of requests met reached 87% and the services that represent the greatest 
demands are the maintenance of cooling systems, electrical and water/sanitary installations, which 
together represent 55% of the requests. Furthermore, it was verified the necessity of a better structure 
for the system of requests intakes, along with a stricter assessment of the performed services. As a 
contribution in this area of study, the diagnosis of maintenance management, the proposed 
improvements and the identification of the main pathological manifestations, serves as a reference for 
the building maintenance activities in government public institutions with potential to guide 
organizational actions in similar cases. 
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ABSTRACT 
 
Historical Archive of Oporto – Infant House, located on historical centre of Oporto, includes 11 
blocs (buildings), which construction date from Sec. XIV to Sec. XVII. Since this time, building 
have been facing some interventions and expansion, so, the building presents several constructive 
typologies. Due to combination of several factors, this building presents a high state of degradation, 
often more visible in roofs, drainage system, windows and openings, that could cause anomalies in 
surround materials.  
An interior and exterior inspection was done which aims, assess the degradation state of materials 
and building. Thus, it was done a data collection about constructive elements, such as, windows and 
openings, wooden support structures of roofs, infrastructures and structural stability. It was also 
analysed existent anomalies, identified probable causes, as well, identified rehabilitation solutions. 
Besides that, it was proposed a maintenance plan, which include maintenance actions, respective 
periodicity and estimated cost for each existent element included in the building. 
It is concluded, that an increase of the durability of interventions and the implementation of an 
effective maintenance plan is essential and necessary for implementation of an effective 
maintenance plan. Therefore, it is presented the relation cause-effect between constructive solutions 
and mainly existent anomalies in this building, in order to increase its durability and delete recorded 
anomalies.  
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ABSTRACT 
 
The relevance of rehabilitation in Spain is described. Due to the normative change experienced, the 
actions of non-specialized personnel, the deterioration of the installations and the increase of the power 
of the receivers, there are risks in the electrical installations that can generate enormous material and 
human damages. 
In spite of a steady increase in the cost of energy, it is better to maintain the electrical safety of the 
building than carrying out energy efficiency measures to obtain a possible economic reduction. 
Therefore, it shows the importance of the renovation and maintenance of electrical installations as the 
main constructive actions. 
Due to its relevance as a protection element for users, special attention is paid to the status of the 
grounding installation, detailing the different tests and their problems. 
Finally, the activation of the electrode and its technological improvements are presented as possible 
actions in building rehabilitation with its technical and economic advantages. Highlighting the 
usefulness for installers and the duration of the features of the grounding installation with a low 
economic cost. 
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ABSTRACT 
 
Healthcare physical asset maintenance is obliged by norm to exceed 5% of the budget of the Health 
Institutions in Colombia, whereas the expenses generated in Spain by this non-sanitary department of 
greater consumption can reach 17% in public hospitals. However, with the worldwide implementation 
of disciplines such as Asset & Facility Management in the hospital environment based on the life cycle 
of physical assets, they can cover higher percentages mentioned above by including other activities 
(cooking, cleaning, laundry, security …). Health Service Providers will have to optimize their physical 
asset management with the consequent creation of a time line for performance measurement in the 
management of their physical assets through organizational Key Performance Indicators or Performance 
Indicators of FM department. The authors of this work have been investigating the literature of the most 
referred authors in this subject worldwide to propose a selection of Performance Indicators and after 
having sought the validation of international experts in Facility Management. Subsequently the authors 
have socialized the Performance Indicators resulting from the validation in different health institutions 
with clinical engineering managers. As a result of this work, the authors present a list of Performance 
Indicators that may be the basis for implementing performance management through Facility 
Management to the clinical engineering department of a health institution to support the strategic vision 
of hospital physical assets. 
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ABSTRACT 
 
Architecture of historic build heritage, the one preceding the introduction of modern technologies and 
materials, had the special characteristic of comprehending, as a whole concept, the formal aspects and 
the structural performances. 
Among the performances that building needed to guarantee, microclimatic characteristics are often 
mentioned in historic essays on architecture. Often are described strategies, technologies as well as 
compositional solutions that would lead to obtain a specific microclimate inside the building, as well as 
to guarantee the ideal conservation condition for the built heritage itself. 
The introduction of modern HVAC (Heating, Ventilation and Air Conditioning) systems after the 
Industrial Revolution had the effect of decoupling the formal, material and technological characteristics 
of buildings from their microclimatic performances. This has, in relatively short times, determined the 
loss of a millenary heritage of knowledge and technological know-how on the subject. 
Historic built heritage has suffered, in many cases, the introduction of HVAC systems during the last 
150 years. These changed completely the microclimatic characteristics of buildings, often deteriorating 
their conservation level.  
Currently ongoing studies at the Department of Architecture of the University of Bologna are exploring 
this area of research. Among the goals, they try to reconstruct the different phases of the microclimatic 
history of a building, as well as to explore the relations between the microclimatic conditions and the 
conservation or decay of the same building. The final aim would be to find instruments to individuate 
the microclimatic conditions that would allow to precautionarily conserve each architecture. 
This paper shows the specifics and the dynamics that link each architecture to its specific microclimate, 
with the support of specific study cases. 
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ABSTRACT 
 
The performance and durability of buildings are intimately related to their maintenance. However, 
maintenance is frequently casuistic and merely reactive, regardless of the latest scientific developments 
in this field. In order to improve the maintenance management process in current buildings, particularly 
in collective housing, it is of the utmost importance to be aware of the most frequent anomalies as well 
as their cost of repair, being necessary, in Portugal, to promote systematic records of these operations. 
It is also known the influence of management of condominiums and their annual budgets in the decision 
process on maintenance actions, both preventive and reactive. 
In the present article, which reflects the work carried out within the framework of a master's thesis, it is 
presented and analyzed the data of the maintenance registration actions in a set of 100 collective housing 
buildings, less than 40 years old, in the centre of Portugal, resulting from the co-owners complaints. The 
work carried out also includes the general characterization of the buildings concerned, both in 
architectural and constructive terms, considered essential for the analysis of their behaviour. Particularly 
noteworthy in this work is the analysis of repair costs and the study of their relationship with the 
characteristics of buildings and the condominiums budget. 
The results obtained demonstrate the relationship between the number of pathologies/anomalies 
observed in the various condominium complaints, the age of the buildings and the area of the facades, 
the relationship between total rehabilitation costs and total maintenance costs, in the last 6 years, in 71 
sample condominiums and the total costs of repairing pathologies/anomalies in the constituent elements 
of buildings. 
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ABSTRACT 
 
Smart Heritage City (SHCity) is a European cooperation project whose main aim is to develop a 
technological answer destined to improve the management of the urban historical sites, making the 
maintenance and decision-making easier. SHCity will implement a 4.0 tool in urban historical sites and 
an application focused on tourism, which carries on with the task of monitoring SHBuildings Project. 
The technology is proven in Avila, Spain, a historical centre declared a World Heritage Site and whose 
example can be exported to other historical European centres. 
SHCity is based on the installation of a network of sensors, distributed among different strategic points 
in the historical centre of Avila, which in real time measure different environmental or structural 
parameters, as well as other ones related to security, energy consumption or the flow of visitors. The 
information provided will be applied in two software tools. An Auto diagnosis web tool will be capable 
of answering automatically or supporting the decisions of the patrimonial consultants, and in this way 
acting in situations that can put at risk the integrity of the historical site. The second tool is a mobile 
application destined for tourism and all citizens, with a perspective of divulgation and preventative 
maintenance of patrimonial components. 
The result of the project tries to find a way to make the process easier to make decisions about the 
preservation of the historical site, its maintenance and its tourist development, optimizing the work of 
the organizations in charge of its management. 
This Project is being carried out by a multidisciplinary committee of qualified workers belonging to the 
“Fundación Santa María la Real del Patrimonio Histórico”, “The Avila Town Hall”, the Tecnological 
Institute AIDIMME, the Technological Centre CARTIF, Faculdade de Ciências e Tecnologia da 
Universidade Nova de Lisboa, NOBATEK,  the Technological Centre TECNALIA. 
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ABSTRACT 
 
The protection and conservation of cultural heritage is a value for all the civilized Countries since 
centuries. The year 2018 will be dedicated to cultural heritage which is “the fabric of our lives and 
societies” as written in the European Commission dedicated website. Cultural identity preservation 
is a wealth creator also, bringing tourism-related business opportunities on which many 
communities depend. However, Europe’s heritage assets are extremely exposed to climate change 
and natural hazards. The goal of the STORM (Safeguarding Cultural Heritage through Technical 
and Organisational Management) project is to provide critical decision-making tools to multiple 
sectors and stakeholders engaged in the protection of cultural heritage from climate change and 
natural hazards on the local, regional and national levels. The concept is tested through pilot site 
studies at five different heritage locations, all with unique risk profiles: the Diocletian Baths in 
Rome, Italy; the Mellor Heritage site, Manchester, UK; the Roman Ruins of Tróia, Setúbal, 
Portugal; the the Forteza Fortes of Rethymno Crete, Greece and the amphitheatre of Ephesus, Izmir, 
Turkey. The evaluation of historical records, real-time on-site monitoring, regional climate 
projections, and statistically downscaled time series for individual cultural heritage sites at risk 
supports the risk assessment methods on which these tools are based. In addition, climate indices 
are evaluated to create a complete situational picture. Here, the STORM project will be presented, 
focusing on the implementation of Intergovernmental Panel on Climate Change climate projections 
as well as meteorological observations in the risk assessment procedure, hence playing a pivotal 
role in cultural heritage conservation. 
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ABSTRACT 
 
The “Cristo Obrero” church, which is located at the Atlántida station on the Canelones department, is 
one of the most emblematic constructions of the Engineer Eladio Dieste. This construction conjugates 
the excellence of architecture and engineering with an elegant and majestic use of the reinforced 
ceramic, making use o bricks as a way of expression. This piece of art is nowadays recognized as a 
Historical National Monument. 
Due to the relevance of this building, a management and conservation plan has been designed for the 
church, this plan is called “CREATION OF A CONSERVATION MANAGEMENT PLAN AND 
ADMINISTRATION SYSTEM FOR CRISTO OBRERO CHURCH, ATLÁNTIDA”, sponsored by 
Getty Foundation through the program “Keeping it modern”. We took participation on this project as 
members of the work group which is incharge of pathologies and damages diagnostic, studying the steel 
corrosion, motivated by the structural relevance that these have on the stability of the elements, and the 
determination of deteriorations located on the bricks joint. In this way, studies about the most relevant 
components of the building have been realized, those are: Main cover, perimetral walls, baptistery and 
bell tower. These studies were carried out to know the state of the reinforcing bars and the mortar in 
contact with these. The carried out studies basically consist of the exploration of the reinforcing bars, 
electrochemical tests and other physical chemical studies on mortars. As a result, there have been found 
various affected zones, and other ones with potential risk of corrosion development. 
In this work, obtained results and analyses are presented, as well as the possible causes which started 
the problem of the corrosion in the reinforced bars and some possible solutions are proposed. 
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ABSTRACT 
 
Today's technical and technological solutions, developed in reference to the delicate issue of 
monumental prevention, must necessarily respond to a clear reflection that the refurbishment today 
indicates, that is a planned and controlled maintenance of the Cultural Heritage. 
This activity is silent but at the same time is fundamental and necessary both to respect the value of 
testimony that this heritage possesses, as well as to the correct use of the monument also understood as 
complete cultural accessibility. 
Considering the extensive Italian Architectural Heritage, this work is to be a valid and concrete response 
in the key of conservation, valorisation and monitoring for all national heritage, while also observing 
the absence of specific regulations and the patchy and anachronistic archiving of content and project 
documents, indispensable for the knowledge of the monument itself. 
The approach of the research project just started, aims to use and integrate the BIM tool through the 
methodology known as Historical Building Information Modeling (HBIM) for the management and 
recovery of cultural heritage and the systematization of information stored in parametric objects and 
updated in real time through monitoring activities. 
The collection and digitization of this information will constitute a database used to implement a 
technological platform consisting of a network of sensors, in situ and ex situ measurements, a data 
storage and data processing system useful for programming activities for Maintenance and management 
of interventions. 
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ABSTRACT 
 
Building Information Modeling (BIM) methodology has been applied in the most developed countries 
in construction industry since some years ago. However, the main application of BIM is new building 
construction. In this technology, the virtual and parametric model of the building is performed from a 
previous design. BIM methodology has been implemented for the last years in historical heritage, called 
Heritage Building Information Modeling (HBIM). In HBIM, building parametric virtual model is 
created from existing reality. 
The HBIM methodology allows the integration of the information originated from different sources in 
the same tool and database, making a more accurate analysis of the information possible and, therefore, 
a more reliable assessment. 
The modeling and integration process of the Diana Temple information in Merida (Badajoz) by HBIM 
are being introduced in this communication. Diana Temple is a Roman building from the late first 
century B.C., which is part of the World Heritage Site since 1993. During the late fifteenth century, 
Corbos Palace was built inside the temple, which is part of the temple nowadays. 
The modeling has been made from the scanned geometry by terrestrial laser scanner. The point cloud 
treatment has been carried out by Autodesk Recap tool and the BIM model by Autodesk Revit tool. 
When the geometric model is finished, the historic information, real materials, visual survey and 
information of pathology are added to the model. 
 
  

mailto:jpcortes@unex.es
mailto:palomaprimu@gmail.com
mailto:alonsocandelariogarrido@gmail.com


 
4.- MAINTENANCE 

4.2.- Preventive conservation of built heritage 
 

332 REHABEND 2018 Congress 
 

 
 

CODE 351 
 
 

MEASUREMENT OF ATMOSPHERIC CORROSION AND SOILING EFFECTS ON 
CULTURAL HERITAGE MATERIALS IN THE CITY OF COIMBRA 

 
 

Vidal, Fábio1; Vicente, Romeu1; Mendes Silva, J.2; Catarino, Lídia3; Bastos, A.C.4 
 

1: University of Aveiro, RISCO, Department of Civil Engineering 
e-mail: fabiovidal@ua.pt, romvic@ua.pt, web: http://www.ua.pt/decivil/  

2: Faculdade de Ciências e Tecnologia, University of Coimbra, LAETA, Department of Civil Engineering 
e-mail: raimundo@dec.uc.pt, web: http://www.uc.pt/fctuc/dec 

3: Faculdade de Ciências e Tecnologia, University of Coimbra, CGeo, Department of Earth Sciences 
e-mail: lidiagil@dct.uc.pt, web: http://www.uc.pt/fctuc/dct 

4: University of Aveiro, CICECO, Department of Materials and Ceramics Engineering 
e-mail: acbastos@ua.pt, web: https://www.ua.pt/demac/ 

 
 

KEYWORDS: Atmospheric pollution; cultural heritage; traditional materials; corrosion; soiling. 
 
ABSTRACT 
 
The preservation and safeguarding of cultural heritage is a topic of evolutional discussion since it 
deals with invaluable and irreplaceable assets that historically identify countries and communities. 
In recent years, the manner this conservation is thought has changed and the concern over the 
degradation of materials exposed to atmospheric pollution has increased, especially considering the 
vulnerability that is associated to traditional materials when exposed to atmospheric pollutants. Due 
to the exponential growth of the transport sector in urban areas, motorized traffic is an important 
source of pollutants such as SO2, NOx, O3 and particulate matter that lead to different forms of 
degradation on materials. Among several types of degradation phenomenon, two of the most 
noticeable and studied effects are corrosion and soiling. The contribution of this work is to study 
the effect of atmospheric pollution and general weathering over specimens of different metals such 
as copper, zinc and cast iron following standardized methods, and also over limestone coverings of 
different superficial roughness when exposed to the environment. This paper presents preliminary 
corrosion and soiling results, corresponding to a 3-months exposure period, that are used to 
categorize specific sites in the urban area of Coimbra and the near-coastal city of Aveiro. When 
concluded, these field exposure tests will validate dose-response functions applied to the Historic 
Centre of Coimbra, including sites integrating UNESCO’s World Heritage List, and used in the 
development of a building vulnerability index that can assist future decision-making processes 
regarding traffic mitigation and the preservation of cultural heritage. Corrosion of standard metals 
is measured in terms of mass and reflectance loss, while the preliminary soiling of stone samples is 
measured in terms of colour and lightness changes. Since limestone surface recession is a much 
slower process, it has not been measured in this paper. 
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ABSTRACT 
 
An earthquake of magnitude 5.8 occurred in Gyeongju on September 12, 2016, the largest in the history 
of seismic observations in Korea. The area was the capital of Silla dynasty for about a thousand years 
and many cultural heritages were damaged by the earthquake. However, there was no problem after the 
earthquake in the Three-story Stone Pagoda of Bulguksa Temple(so-called Seokgatap). The purpose of 
this study is to analyze the seismic behavior of 9.12 earthquake and the structural characteristics of 
Seokgatap in order to contribute for earthquake preparation of cultural heritages in Korea. 
Gyeongju is an area with high seismic risk adjacent to the Yangsan fault, and there are many records of 
earthquake damage in history books such as ‘Samguksagi’ and ‘Goryeosa’. Seismic performance was 
evaluated by seismic vibration test. And it is compared with the earthquake records in history books. As 
a result, it is expected that it was stable in the past earthquake because test showed stable result in lateral 
dynamic load. As a result of analyzing the structure of Seokgatap and 9.12 earthquake, the structural 
characteristics of the stone pagoda were similar to the damper system which is the seismic structure used 
in modern architecture. This suggests that the stone pagoda had no damage during the earthquake. This 
study emphasizes the viewpoints of structure and building techniques from the viewpoint of style. 
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ABSTRACT 
 
Numerous historical buildings that have lost their original function have been reused, transformed and 
adapted as museums. Old hospitals, convents, railway stations, palaces or factories are housing 
nowadays outstanding exhibitions under a new nomenclature. However, the historical and artistic value 
of these constructions has been relegated to the background by taking the building as a mere container 
of art. Through the presentation of several examples of museums implanted in historic buildings, it has 
been observed that this architecture does not receive the importance that it deserves, even going 
unnoticed by visitors. Taking the revaluation of architecture as the main goal, it has been pursued, on 
one hand, to appease the "container-content" duality and, on the other, to avoid forgetting the past history 
of the historical construction. Different strategies have been proposed in order to achieve these purposes, 
such as proposing itineraries that involve the historical architecture, to use lighting that enhances its 
artistic values and self-supporting assembly systems that respect the construction, to dedicate a 
permanent space to the history and transformation of the architecture or the virtualization of the building 
through 3D models, in such a way that the visitor can contemplate the entire construction and its spaces 
as well as understand the social and cultural importance of these buildings throughout its history. In this 
way, it is possible to involve the historical building in the exhibition as part of the museum collection; 
secondly, to recover the essential values of a construction that had lost its original function, and, finally, 
to reconcile the social memory with the current progress that supposes the new museum. 
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ABSTRACT 
 
The National Inventory of Historic Quarries associated with the Architectural Heritage (INCHaPA 
according to its acronym in Spanish) is a global research project focused on the location and 
characterization of the historic quarries related to the architectural and monumental heritage of Spain. 
This project is developed by the Geological Survey of Spain (Instituto Geológico y Minero de España, 
IGME). Results presented in this paper show the complete research methodology designed for the 
location and study of the historic quarries and applied in the INCHaPA project.  
During the development of the first part of this national inventory, several risks were detected that affect 
a significant number of historical quarries. Some of these risks are related to their anthropization or the 
threat to be buried by future urban expansion areas. Due to these problems, it is also proposed the 
creation of a specific protection figure for the historic quarries in order to facilitate their correct 
preservation.  
Maintenance of historic quarries and historic extractive areas are very important because of the fact that: 
they allow obtaining original building materials for replacement works; they constitute archaeological 
sites; we can quantify the total extracted volume as well as their real economic potential; and, finally, 
historic quarries constitute valuable elements for the touristic and socio-economic development of the 
geographic area where they are located. 
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ABSTRACT 
 
For centuries, the existence of guesthouses and inns that marked the precarious and terrible roads of 
Spain made possible the development of travel routes. Without a place to stop on the way in order to 
rest, feed and change beasts, it would not have been possible to travel through the difficult roads in 
Spain. Its importance is reflected on the specific legislation on guesthouses and inns that existed since 
the time of the Reyes Católicos as well as on their inclusion in historical cartography or in the 
geographical dictionaries. They came to be distinguished as an architectural typology of their own, to 
the point of being the subject of a project and a proposal for examination to access the degrees of 
architect or master builder in the different Academies of Fine Arts that emerged in Spain for the 
regulation of the architecture exercise. 
At present, these pieces are in disuse and many of them have disappeared or are in danger of disappearing 
without having documented their morphological, compositional, constructive aspects as well as their 
relations with the society of the moment. Nevertheless, the study of the 19th Century cartography, 
together with other tools, has allowed to proceed to its location in order to contribute to the knowledge 
and value of these auxiliary constructions to the roads, which are part of civil engineering heritage and, 
therefore, of the Cultural Heritage, of the old cultural inheritance of a society that must be transmitted 
to present and future generations. 
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ABSTRACT 
 
The origin of the Caminito del Rey dates from the early s. XX. At the beginning it was used by the 
workers of the “Conde del Guadalhorce” dam, as a service road for the maintenance of the channel and 
by the families who lived in the surrounding of the path, especially in the village El Chorro in Alora 
town, to avoid the long journey of going around the mountains to get to the town. Thus, children could 
go to school and families could buy the essential products, as well as being exposed with other people 
who lived in the nearby mountains (cave houses). 
Over time, it became known worldwide as the most dangerous road in the world, caused by the use it 
was then subjected (exclusive for hikers and high-level climbers), as well as by an evident absence of 
maintenance. In 2015 after its closure due to its poor conservation status, it was undertaken the difficult, 
special and peculiar recovery intervention of the Caminito del Rey. Through the exhaustive analysis of 
the Recovery Intervention carried out, that has promoted and enhanced on one hand, its character as a 
tourist attraction, a functional aspect that it lacked in its origin; as well as, on the other hand, placing 
value and protecting, the industrial heritage that means the Caminito del Rey.  
By studying the recovery carried out some guidelines are proposed to establish a line of action, of 
architecture, in the landscape, and to analyze similar actions that may suffer the same functional 
evolution, not only with respect to typological - constructive aspects, but also, through statistical data, 
that allow demonstrating the tourist-economic-social impact that an intervention of this type in the 
landscape entails in its environment. 
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ABSTRACT 
 
This work is derived from a growing concern by the authors, that have detected how, in recent years, 
the heritage sites of our country have been deteriorating, because among other things, the increasing 
number of tourists attracted not just by the cultural qualities of these sites, but because of the propaganda 
bombardment through the mass media. The work seeks to establish the bases to start a depth research 
process, about the phenomenon that we have called “Media Tourism”, its consequences and the 
possibility to redirect it.  
“The main objectives are: To differentiate “Media Tourism”, from the “responsible cultural tourism”. 
Identify sites that have suffered significant levels of heritage degradation due to the massive influx of 
tourism. Establish a position from the academic and formative perspective, to derive in strategies of 
awareness toward responsible cultural tourism and local identity as a response to the mercantilist 
economy. 
The methodology used in this work, integrates an analytical process on specialized literature in the field 
of tourism and its evolution, as well as the teaching experience of the authors, directly carried out with 
students Architectural design workshop of the Universidad Iberoamericana at Mexico City, which 
ponders the comprehensive analysis of a heritage site, defining strategies of intervention at an urban and 
architectural scale, and at the same time, enables to bring new generations to define a critical stance of 
valuation to the cultural heritage of our country.  
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ABSTRACT 
 
It is obvious to affirm that internet has changed the way in which the majority of human beings relate to 
each other, and the relationship of the human being with the entities external to himself, from the city 
to nature. The use of tourist resources for travel planning and personal travel management make up the 
most important touristic world portals: in 2016 tripadvisor received more than 150,000,000 reviews, 
photographs and comments, it has 3,700,000 indexed tourist resources and was consulted for something 
more than 50,600,000 million people every month. The cultural tourism merges as a common 
denominator the cultural interest of a territory or tourist node (which is a potential valued for economic 
effects of impact) with the concept of cultural heritage, which is subjective and dynamic; It does not 
depend on the objects or goods but on the values perceived by society and tourism in general, a value 
that determines which goods are those that must be protected and preserved for posterity. To this 
purpose, the integral development of a heritage manager of tourist territories in south Spain is planned, 
an active database of data, rather than a traditional static database, a multiple entry database and an 
unfolded interface containing the documentation of heritage substitution qualified for cultural and 
heritage goods to guarantee, improve and implement protection through the classification of goods, 
conservation through the parametrized documentation of goods, for incorporation into Big Data bases, 
the enhancement through diffusion by reading at various levels including georeferencing and recovery 
and rehabilitation through analysis and proposals for them. 
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ABSTRACT 
 
The Medina of Tetuán features one of the most interesting architectural and urban heritage in all North 
Africa. In 1997 it was enlisted in UNESCO World Heritage List and constitutes the structural axe of the 
social life of the town. With an area of 53,60 Ha and more than 50’000 habitants, until recently there 
were not initiatives of rehabilitation of the heritage, with the consequent issues of lacking of equipments, 
basic infrastructures and inner mobility, as well as a high rate of unemployment and of risk of exclusion 
for social groups. Although it is certain that in the last years several strategic plans were implemented, 
the Medina is still an architectural compound and an urban space with many necessities.  
The Project that we are proposing aimed mainly to realize diagnostic investigations and proposals of 
rehabilitation in the Medina of Tetuán and it focused on the collaboration and the transfer of the 
knowledge. The work was also planned as an opportunity to strengthen the links among Universities 
and as a strategy for students’ education and training. 
In that sense several students from the Graduation Course in Technical Architecture have attended this 
project, resulting in a Final Graduation Work on the Casa Sellam El-Haj, an Eighteenth – century old 
aristocratic housing, which allowed to identify the building systems proper of the Medina, to realize 
diagnostic investigations, to characterize different materials and to propose possible solutions for the 
rehabilitation and restoration of exceptional elements such as the zellige. 
The results of the whole process were satisfying, the general and specific objectives of the activity were 
assumed and different disseminating activities have been realized, such as the presentation at this 
Congress, that allow to extend the educational methodology which represents at the same time a project 
of cooperation to the development. 
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ABSTRACT 
 
The lack of awareness of the value of heritage and the lack of opportunities to engage in preserving and 
safeguarding heritage in the developing countries not only puts the heritage in risk of being irremediably 
lost. It also impoverishes the younger generation’s sense of identity and belonging within its respective 
socio-cultural continuum, and thus limits its ability to engage and contribute meaningfully to society at 
large. Education plays a critical role in this regard.  Educational programmes which integrate heritage 
and local knowledge yielded multiple benefits in the area of self-development, improved social skills 
and improved economic prospects. In addition, such programmes also lead to improved learning 
outcomes by keeping learners more engaged. This paper emphasis the important role that children 
heritage education plays in raising the public awareness in developing countries and by using the 
analytical methodology it was able to reach the aim of the research to clarify the correct methods of 
children heritage education and activities carried out in that field to raise the awareness of young people 
and engage them in the conservation process. With a long-term view to strengthening the protection of 
heritage in all its forms, facilitating access to and enjoyment of heritage among the younger generation 
as related to development of their self-identities, as well as to transfer this awareness to their families 
this will affect the general culture awareness for the whole society even for who didn’t want to 
participate.  
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ABSTRACT 
 
The new technologies allows accessing to the historical heritage and cultural heritage elements as this 
never was imagined before, only some years ago. In this paper, we present the methodological proposal 
for the integration of historical, architectonical and scientific information about existing historic heritage 
elements by means of low cost VR techniques. By means of this methodology, audiovisual information 
is integrated in 360º spherical sceneries that allow the user immersion in an environment that due to 
specific circumstances is not accessible for him or her. This kind of environment let the user acquire 
knowledge in advance, before the visit to the architectural element. 
As in every process of heritage documentation, the reliability, access and knowledge of the documentary 
sources are the main point to design the contents visualization process. The following outstanding aspect 
is the knowledge of the possible users profile for the project, both heritage level and technological level. 
Finally, it is remarkable the technical staff formation for the project. 
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ABSTRACT 
 
The evolution of the Smart cities in the old town is one of the most important aspects developed by the 
European Municipalities. To develop a smart city in an old town, the municipality must design new 
infrastructures for transports, subway lines, underground parking areas and, furthermore, design new 
technological systems for lighting, heating-cooling and other services. The possible interferences 
between the historical buildings and existing infrastructures during design, construction and for the 
facility management are well known. In this way, the BIM Modelling of the existing and old town help 
designers and owners to envelope new projects to re-green the cities or to transform them. The example 
shown in this article is about the new metro line and stations of Copenhagen. In this work, a process to 
envelope the BEP for the survey and the base model to develop the construction and evaluate the 
interferences with the existing buildings is suggested. 
A complete BEP may help to envelope an integrate model to represent: 
- 3D for the modeling and analysis of the city, MEP, Structural and architectural modeling for the 
new metro station. 
- 4D for the association of all the model elements to a specific temporal phase during construction, 
for the coordination of the several subcontractor companies regarding excavation works, tunneling, 
casting, reinforcement and electromechanical works, for both stations and tunnels. 
- 5D for the computing and estimation for all the works. 
- 6D regarding the sustainability. 
- 7D regarding the underground facility and monitoring management. 
 
  

mailto:paola.ronca@polimi.it
mailto:pietro.crespi@polimi.it
mailto:alessandro.zichi@polimi.it
mailto:a.mayol@cmt-cityringen.dk
mailto:andrea.mayol@gmail.com


 
5.- DIFFUSION AND PROMOTION 

5.3.- New technologies applied to the heritage diffusion 
 

REHABEND 2018 Congress 347 
 

 
 

CODE 362 
 
 

A USER-CENTERED IMMERSIVE EXPERIENCE FOR HERITAGE 
EXPLORATION 

 
 

Pisanu, Maddalena1*; Sanjust, Paolo2 

 
1: University of Cagliari, DICAAR ((Department of Architecture, Environmental and Civil Engineering) 

e-mail: pisanumaddalena@gmail.com 
2: University of Cagliari, DICAAR ((Department of Architecture, Environmental and Civil Engineering) 

e-mail: psanjust@unica.it, web: http://people.unica.it/paolosanjust/ 
 
 

KEYWORDS: Heritage promotion; digital heritage; new technologies; user experience-design; mobile 
apps. 
 
ABSTRACT 
 
In recent years, digital heritage has started to change the process of reconstructing and 
understanding the past. This new field combines the traditional areas of expertise of heritage 
management, archaeology, history, museology with the great new digital information technology 
tools and has a big potential to face the new challenges of the heritage sector.  
Digitally enriched museum exhibitions, virtual visits through historic buildings, and mobile apps to 
enjoy arts and culture have provided a new perspective to heritage exploration. Even if visiting 
physical monuments and institutions stays the most common way to engage with the historical and 
cultural inheritance, ICT tools have brought a new dimension into experiencing heritage. Mobile 
technologies such as smart phones and tablet computers have been used increasingly frequently by 
heritage organizations to improve information communication and engage visitors with exhibits or 
installations. Furthermore, the role of visitors in museums, exhibitions and heritage sites in general, 
is shifting from that of a simple audience to that of active participants, thanks to the introduction of 
the new technologies.  
The paper will present a case study of a mobile application that guides users along a tour of the 
architectural heritage of Cagliari University. The concept of visitor is substituted by that of user 
with the aim of creating a human-centered cultural experience. The technology is purposefully 
conceived to be as discreet as possible in order to bring places and stories from the past into the 
present giving engaging and meaningful experience. The aim is to create a technology that could 
support heritage exploration instead of competing with it for visitors’ attention. 
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ABSTRACT 
 
The objective of this research is to study the landscape of the city of Guanajuato and its conservation of 
the historic center, through its conformation, evolution and the transformations it has undergone in urban 
mobility issues. 
This study starts from the historical-evolutionary analysis, later it is taken to an analysis of urban 
landscape, its social, economic and sustainable dynamics. Without leaving behind the studies, 
constructive and urban-landscape elements. 
The study is to show that there is an undeniable heritage, and that there is currently a relationship 
between the individual and the functional limitations of the environment in urban mobility issues. The 
focus of this research was aimed at strengthening and generating sustainable projects without altering 
the integrity of the heritage asset and without using means that condition the conservation of the 
environment. Accessibility should be considered in the urban planning of every heritage city, restoration 
and conservation of public space, without altering its architecture and the natural environment. The 
elements that were used were: architectural surveys, photographic records, accessibility projects in Latin 
America and universal design manuals, in order to create a bank of projects. Allowing us to conclude 
that we all have the right to access any public space, under no visual limitations and / or physical barriers. 
Guanajuato is characterized for being a changing city, for being dynamic, when interacting between its 
streets and alleys. That is why any failed intervention in this city is because the passerby is not 
considered the main protagonist. It is concluded that the city of Guanajuato is not very accessible in 
terms of urban and pedestrian mobility, which is why it is necessary to review the regulations, as well 
as the generation of inclusive proposals as a World Heritage City. 
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ABSTRACT 
 
The cause of the abandonment and decay of some historical urban contexts often has to be searched in 
the particular orography and low accessibility of sites that therefore go to be isolated and excluded from 
the active life of contemporary cities. A study conducted on the historical aspects and accessibility of 
the Northeastern ancient heart of Salerno, in Southern Italy, was aimed to propose a correct rehabilitation 
of the site in the respect of the preservation of its authenticities. The area is characterized by the presence 
of a number of monasteries, which were founded in the Middle Ages and transformed during the 
centuries; they changed their functions several times, but they are currently abandoned because of their 
limited connection with the rest of the city. The advanced state of physical and social decay of the whole 
site currently necessitates a prompt enhancement of which a new proposal is here presented: an 
integrated restoration of the monasteries should highlight their historical and artistic values and at the 
same time identify a new function for them compatibly with their peculiar characteristics; the 
elimination of the architectural barriers is an important goal to achieve for the usability of the outdoor 
and indoor spaces; the connection among the buildings and between the site and the rest of the old town 
has to be guaranteed. 
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ABSTRACT 
 
In the present investigation an analysis of urban territorial accessibility of the Cable Station in the city 
of Manizales, Colombia is carried out. The cable station, currently defined as a patrimonially protected 
building, which functions as the headquarters of the students of Architecture of the National University 
of Colombia, is also located in a sector of the city where the activity trade, cultural, economic and social 
is quite strong, generating pressure on the processes of heritage protection that must be carried out for 
this construction. The accessibility analysis is based on the application of geostatistical techniques that 
allow identifying which sectors of the city of Manizales are better connected with the sector in question, 
which allows to clearly define the necessary infrastructural interventions, or those operative 
interventions in relation to the different modes of transport. The analyzes allow to know, for example, 
how the coverage of the population is presented according to its socioeconomic stratum from the 
patrimonial construction, which will allow to identify the mode (s) of transport that possibly should be 
object of improvement or impulse to mitigue or diminish to the maximum the effects that these appear 
in the building or in the sectors surrounding it. 
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ABSTRACT 
 
Three decades ago the city of Medellín Colombia began the identification and recovery of its 
architectural heritage. The Faculty of Architecture and Engineering of the Institución Universitaria 
Colegio Mayor de Antioquia is a pioneer in the analysis of the state of the heritage, developing academic 
proposals that integrates the common knowledge of students and teachers, seeking a higher level of 
respect and public awareness about the value of history and culture of the city. Heritage interventions 
require updated inventories and databases in relation to buildings with patrimonial declarations at 
municipal, regional, national or global level. Those updated databases gather information such as: 
location, existence or not of blueprints, interventions made, construction data, owners and charts on the 
current conditions of the buildings. 
In resolution 1115 of May 6, 2011 the Universidad de Antioquia Campus was declared as a group of 
buildings with cultural interest at national level. This declaration arises the interest and the need to carry 
out descriptive research that allows documenting the most relevant characteristics of the buildings that 
compose the university campus by means of datasheets. In addition to the analysis of the buildings, was 
developed the classification of forty-three (43) art pieces scattered throughout the campus and 
denominated Open Museum. In order to undertake this project, we took into account, bibliographic 
search from various sources, technical visits, guided tours and photographic record throughout the 
campus. 
The results of this research are fundamental to encourage interest in the preservation of the architectural 
heritage in Medellín and to implement educational information campaigns that aim to recognize it, such 
as guided tours for the community and links in different institutional platforms. 
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ABSTRACT 
 
The rules of universal accessibility, intends in the first instance to break the paradigm of selective 
application in favor of a small group, the application of this regulation implies the creation of spaces 
where we can all move safely without stratification of physical states. Intervening in heritage sites 
seeking to implement universal accessibility regulations is emerging; the premise is not to deteriorate or 
affect the historical, but to readjust in order to ensure optimal coexistence of society. 
In the present investigation, the methodology focuses on analyzing European regulations taking 
Barcelona as a case study; and in Latin America, Colombia, Chile, Ecuador and Bolivia are analyzed. 
In Ecuador, the analysis is comparative with the historic centers declared Cultural Heritage such as Quito 
and Cuenca; subsequently, information is collected to strengthen the cultural identity of the square and 
the surrounding streets of the historic sub-set "San Juan del Valle" for its application. The urban parish 
"San Juan del Valle" has patrimonial characteristics and is classified as a historical subset by the local 
municipality; in the collective memory it keeps the historical aspect, but with the passing of the years it 
is evidencing greater commercial connotation lacking basic accessibility guidelines; in the Av. Salvador 
Bustamante Celi main artery that connects this sector with tourist and cultural facilities is where this 
activity is most evident. The proposal therefore proposes not to weaken this connotation or affect the 
commercial activity, but rather to improve it including the application of the accessibility rules to the 
physical environment, likewise encouraging the pedestrian and bicycle flow, so that the citizens can 
exercise recreational activities, and tourism, at the same time focusing on cohabitating the sector feel 
included and benefited in the intervention. 
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ABSTRACT 
 
Building renovation and the improvement of their energy efficiency are currently relevant both in the 
European Union member states and elsewhere. It is argued that building renovation should not be limited 
to the renovation of structure and building insulation, but should take into consideration the surrounding 
environment, aesthetic, social, economic context etc. This is of crucial importance in the case of 
renovation of heritage buildings. The renovation, adaptation to the present day needs and improvement 
of energy efficiency of heritage buildings in some extent is a part of the general process of building 
renovation, but together it encompasses other social, cultural, heritage preservation, economic, and life-
cycle aspects non-related to conventional building renovation. This encourages to change the existing 
practice of assessment of renovation of heritage buildings, where buildings are evaluated separately 
using energy and heritage related criteria, and to develop the sustainable heritage buildings renovation 
assessment system integrating heritage preservation, energy, environmental, and social-economic 
criteria. Such system must be user friendly and accessible to the professionals of different fields 
including heritage preservation, architecture, civil engineering etc. and should allow to evaluate as much 
as possible comprehensively the change of heritage building and its impact on environment and society. 
This makes the development of such system or tool a very complex task. Thinking of the approach that 
would enable comprehending the needs of the potentialy different users of the system and to find 
working and innovative ways of integrating heritage preservation, energy, environmental, and social-
economic dimensions, we have selected the Design Thinking approach as human-centered strategy for 
innovation. In this research we elaborate and specify the five standard stages (Empathise, Define, Ideate, 
Prototype, and Test) in the Design Thinking process to fit our specific task regarding assessment of 
heritage buildings renovation. 
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ABSTRACT 
 
Granadilla, old walled village of feudal origin placed in the northwest of the province of Cáceres, was 
put out in the middle of the 20th century, due to the construction of the water reservoir of Gabriel y 
Galán. In 1980 the village was declared historical and artistic ensemble and in 1984, was included in the 
Program of Recovery of Left Villages. 
The Program was signed by the Departments of Public Works and Urbanism, Agriculture, Fishing and 
Food, and Education and Science, previous transfer of the Hydrographic Federation of the Tajo.  
The Program includes an Experimental Plan of Reconstruction and Restoration of Granadilla that 
foresees the raising of walls, the selection of the recovered material during the cleaning, the cleanliness 
of streets and places and the construction and creation of gardens. 
In the current situation, with the intention and the intent of developing the diffusion, the promotion, the 
recovery and the reconstruction, promoting the welfare, cultural or social aims of this singular enclosure, 
we propose the creation of a Consortium (similar to the Monumental City of Mérida), provided with a 
stable budget, with management autonomy, where all the implied administrations are represented, which 
allows a medium term - length term programming, supported on a Master Plan of the Historical Artistic 
Set. 
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ABSTRACT 
 
From August 2016 to April 2017, the restoration of the Renaissance façade of the University of Alcalá 
has been carried out. The facade is a national monument since 1914. The intervention posed a great 
social impact, generating a problem derived from the concealment of the facade, with the potential loss 
of tourist attraction, more at the time of the fourth centenary of the death of Cervantes. 
This problem is considered as an opportunity, as part of the management of the Heritage, beyond the 
technical intervention itself. With the approach of a conception from the own project phase, of the action 
within the known as "open for works". 
The objective is to achieve: retrieve the visualization of the Monument trace; an approach of the 
Monument to the citizens, that allows to see it and to know it from a closer point of view "like the own 
craftsmen who built it"; and expand the knowledge of the Monument, with the opportunity that 
represents for the investigation, putting in value, diffusion. The communication presents the method 
used for the application of the integration process of all the factors in the Integral Management of an 
Intervention in the Architectural Heritage, beyond the constructive project measures. 
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